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Background: Our objectives were: (1) to quantify and describe un-immunized students in Ontario,
Canada and assess the extent to which these students have exemptions; and (2) to quantify and describe
students with non-medical exemptions (NMEs), including what proportion have up-to-date immuniza-
tions.
Methods: We examined Ontario students 7 to 17 years-of-age in the 2016–2017 school year using infor-
mation within a centralized immunization repository. We identified and described students with differ-
ent immunization/exemption classifications by age, sex, school type, geography and area-level material
deprivation using descriptive and multivariable logistic regression analyses. Finally, we assessed the
immunization status of students with NMEs, by antigen.
Results: We found that students could be recorded as un-immunized with or without an NME, or be
immunized with an NME. From a cohort of 1.65 million students, 2.9% of students had zero vaccine doses
recorded, and of these 68% had no exemption of any kind. A total of 2.4% of students had an NME. Of
these, 39% were un-immunized and 61% had received �1 vaccine. Among all students with NMEs,
19–48% had up-to-date immunizations, varying by antigen. Factors associated with increased odds of
having a NME and being un-immunized included: attendance at private and ‘other’ schools, rural resi-
dence, and geography. Older age and greater area-level deprivation were associated with a reduced odds.
Conclusions: Our assessment revealed that Ontario students with NMEs cannot be assumed to be un-
immunized and at risk for all vaccine-preventable diseases. Conversely, not all un-immunized students
had NMEs suggesting that future studies of un-immunized children in Ontario must consider additional
factors beyond NME status alone. Other jurisdictions that use NME data to inform research and surveil-
lance of vaccine hesitancy and risks for VPD outbreaks may wish to undertake a similar assessment to
determine how well student NMEs correlate with student immunization status.
Crown Copyright � 2019 Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

In jurisdictions with school-entry immunization requirements
that allow for medical and non-medical exemptions (NMEs),
population-based systems that record both immunizations and
exemptions can be used as a routine data source to monitor trends
in vaccine confidence and to assess the impact of policy interven-
tions to limit exemptions and/or improve vaccine coverage. Studies
from the United States (US) have demonstrated an increase in chil-
dren with NMEs over time [1–4], spatial clustering of under-
immunized children [5] and those with NMEs [6,7], the spatial
relationship between geographic areas with high levels of NMEs
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and risk of vaccine-preventable disease (VPD) outbreaks [8–11]
and the influence of state policies on exemptions [12–15].

Among Canada’s 13 provinces and territories, Ontario is one of
only two jurisdictions with legislation outlining comprehensive
school-entry immunization requirements. Immunizations and
exemptions are submitted to local Public Health Units (PHUs) by
parents/guardians and recorded in a centralized, population-
based information system, the Digital Health Immunization Repos-
itory (DHIR). Previous analyses of Ontario students found that non-
medical exemptions (specifically to measles-containing vaccine)
increased over an eleven year period, while medical exemptions
declined over the same time, resulting in little overall change in
total exemptions [16]. A number of changes have occurred in the
Ontario immunization context following our earlier analyses.
These include additional vaccines required for school-entry (imple-
mented in September 2014) [17], a new requirement for parents
seeking an NME to attend a mandatory in-person education ses-
sion (effective September 2017) [18], and the implementation of
the DHIR between 2013 and 2016. Prior to the implementation
of the DHIR, analyses of immunization exemptions in Ontario were
limited to aggregate data provided by individual PHUs [16]. In con-
trast, the availability of DHIR data, now permits more detailed
analyses using record-level data.

The goals of this study were to address unanswered questions
about Ontario children and their immunization and exemption sta-
tus that were not previously feasible to assess using aggregate data
and to establish a baseline for future monitoring of immunization
exemptions. Our specific objectives were to: (1) quantify and
describe un-immunized students in Ontario and assess the extent
to which these children have exemptions; and (2) quantify and
describe students with non-medical exemptions (NMEs), including
what proportion have up-to-date immunizations.
2. Methods

2.1. Study population and setting

Ontario is Canada’s most populous and ethnically diverse pro-
vince with 13.5 million residents. Under the Immunization of School
Pupils Act (ISPA), students must be immunized against nine VPDs
(measles, mumps, rubella, diphtheria, tetanus, pertussis, polio,
meningococcus and varicella) or submit a statement of medical
or religious/conscientious (non-medical) exemption. Students
may face school suspension if ISPA requirements are not met
[17]. The ISPA was first established in 1982 and originally applied
to six VPDs, with requirements for pertussis, invasive meningococ-
cal disease, and varicella (for those born on/after 2010) coming into
force in 2014.

Prior to September 2017, a notarized Statement of Conscience
or Religious Belief was required to obtain an exemption [19]. As
of September 2017, parents seeking an NME must also attend a
mandatory education session held by their local PHU [18]. This
requirement was not applicable to the students assessed as part
of our analyses. To obtain a medical exemption under the ISPA, a
Statement of Medical Exemption must be completed and signed
by a physician or nurse practitioner indicating the rationale for
the exemption as being ‘‘detrimental to health” or on the basis of
laboratory confirmation of immunity for select diseases [20].
Within the DHIR, the former are classified as medical exemptions;
the latter are captured under a distinct classification specific to
prior immunity.

In Ontario, immunizations are publicly-funded and adminis-
tered primarily by community-based healthcare providers, with
the exception of three school-based adolescent immunization pro-
grams. Parents provide student immunization information to their
local PHU at the time of school enrollment or as otherwise
requested, for subsequent recording within the DHIR. Separate
from the process of reporting of immunizations, enrollment lists
for publicly-funded school boards are uploaded into the DHIR to
establish a population-based record for all students in Ontario.

To address our study objectives we created a population-based
analytic cohort using data extracted from the DHIR, comprised of
all students aged 7 to 17 years of age who attended school in
Ontario in the 2016–2017 school year.

2.2. Data management, definitions and descriptive analysis

2.2.1. Identification of un-immunized students and students with
exemptions

Vaccine doses recorded in the DHIR were used to identify two
groups of students: immunized (i.e., those with at least one dose
of any vaccine) and un-immunized (i.e., those with no doses of vac-
cine of any kind). Within these two groups, students were further
described by exemption status (yes/no) and those with exemptions
were further categorized by type: medical, non-medical, prior
immunity and administrative. Only the first three exemption types
are recognized under the ISPA, while administrative exemptions
are applied at the discretion of local PHUs to address operational
issues [21]. The total number of students with exemptions, irre-
spective of vaccine status in the DHIR, was also calculated by
exemption type.

2.2.2. Student characteristics
Demographic and education data from the DHIR were used to

describe students on the basis of gender, age group (7–10, 11–13,
14–17 years) and school-board type (public, private, other). The
‘‘other” school board type is a classification in the DHIR that repre-
sents a variety of school types (including home schools, religious
schools, specialty schools such as sports academies, and some pri-
vate schools that are allocated to this category at the discretion of
individual PHUs). Residential postal code was used to assign stu-
dents to Dissemination Areas (DAs); DAs are the smallest standard
geographic unit for which Canadian Census data are disseminated.
Using 2016 census data, students were characterized by popula-
tion density based on their DA of residence (rural: popula-
tion < 1000; small/medium population centres: population range:
1000 to < 100,000; urban: population � 100,000), PHU and PHU
Region. We also assigned students to quintiles of material depriva-
tion using the 2011 Ontario Marginalization Index (ON-Marg),
based on residential DA [22]. A descriptive analysis using PHU
Region (at the time of data extraction, 36 PHUs comprised 7 PHU
geographic regions) and the other characteristics noted above
was carried out focussed on students within four categories of
immunization and exemption information: (i) students with at
least 1 vaccine dose and no exemptions, (ii) students with zero vac-
cine doses and no exemptions, (iii) students with an NME and zero
vaccine doses; and (iv) those with an NME and at least 1 vaccine
dose.

To characterize the geographic variability in immunization
exemptions we mapped the proportions of students with an NME
and zero vaccine doses and those with an NME and � 1 vaccine
dose by PHU, separately.

2.2.3. Antigen-level non-medical exemptions and immunization status
Among all students with an NME, we further described exemp-

tions at the antigen level (i.e. the number of students with an NME
to one antigen only, to at least one antigen and to all eight ISPA
antigens). Within each group of students with an NME to a specific
antigen, we categorized students according to immunization status
(up-to-date (UTD), under-immunized or un-immunized). Students
were categorized as UTD, by antigen, if they received the recom-
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mended number of vaccine doses for their age, after considering
minimum ages and intervals and vaccine interactions (if applica-
ble), as specified elsewhere [23]. In Ontario, there are two
publicly-funded meningococcal immunization programs. In recog-
nition of the two programs and ISPA requirements, we assessed
students 7 to 11 years of age for receipt of meningococcal C-
containing vaccine (MCC) and assessed students aged 12 to
17 years for receipt of quadrivalent meningococcal conjugate vac-
cine (MCV4). Students were classified as under-immunized if they
had received at least one dose of a relevant vaccine but were not
UTD. For one dose programs (such as rubella), under-immunized
students reflect those who have received an invalid dose (e.g. given
before the first birthday).
2.3. Statistical analysis

Unadjusted and adjusted odds ratios (ORs and aORs) with 95%
confidence intervals (CI) were calculated using multivariable logis-
tic regression to assess the association between student character-
istics (gender, age, school board, area-type, PHU region and
material deprivation) for three different outcomes: students with
an NME who had received � 1 vaccine dose, students with an
NME who were un-immunized, and students with zero vaccine
doses and no exemptions. Each of the three outcomes were
Fig. 1A. Flowchart of student immunization and exemption information* categorized int
exclusive.
assessed in separate models and compared to a reference group
of immunized students (�1 vaccine dose) with no type of exemp-
tion recorded in the DHIR. Only students with complete covariate
information were included in the models.
2.4. Ethics, consent and privacy statements

The study was approved by Public Health Ontario’s (PHO) Ethics
Review Board. Similar to other studies using routine surveillance
data, subjects were not contacted to receive expressed consent.
All analyses occurred at PHO using SAS Version 9.4 (SAS Institute,
Cary, NC) and ArcGIS Version 10.3 (Environmental Systems
Research Institute, Redlands, CA).
3. Results

3.1. Un-immunized students and those with exemptions: Numbers and
characteristics

The study cohort consisted of 1,651,729 students. A total of
47,820 students (2.9%) were un-immunized in the DHIR (i.e. zero
doses of any vaccine recorded) (Fig. 1A). The majority (68%) of
these students had no exemption of any type in the DHIR
o groups of interest: 2016–17 school year *Note: Exemption types are not mutually



Fig. 1B. Flowchart of student exemption status and exemption classification:
2016–17 school year.

Table 1
Student characteristics by immunization and exemption status, for students aged 7 to 17

Immunized, no exemptions
(n = 1,571,145)

Immunized, with NME
(n = 24,365)

Un-imm
NME (n

Gender # (%) # (%) # (%)
Female 767,020 (49) 11,489 (47) 7501 (4
Male 803,994 (51) 12,872 (53) 7829 (5
Missing 131 (<1) 4 (<1) 8 (<1)

Age (years)
7–10 566,051 (36) 7384 (30) 7283 (4
11–13 423,645 (27) 6424 (26) 3718 (2
14–17 581,449 (37) 10,557 (43) 4337 (2

School Board
Publicly-funded 1,503,124 (96) 22,362 (92) 12,974
Private 62,456 (4) 1620 (7) 1912 (1
Other 5565 (<1) 383 (2) 452 (3)

Area Type
Urban 1,090,088 (69) 14,270 (59) 8294 (5
Small/Med

population
centre

264,686 (17) 5000 (21) 3208 (2

Rural 215,076 (14) 5046 (21) 3775 (2
Missing 1,295 (<1) 49 (<1) 61 (<1)

PHU Region
Central East 520,290 (33) 6699 (27) 4223 (2
Central West 320,462 (20) 6408 (26) 3709 (2
Eastern 200,733 (13) 2957 (12) 1674 (1
North East 56,866 (4) 1093 (4) 467 (3)
North West 24,842 (2) 386 (2) 179 (1)
South West 179,871 (11) 4122 (17) 3029 (2
Toronto 266,189 (17) 2646 (11) 1978 (1
Missing 1892 (<1) 54 (<1) 79 (1)
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(n = 32,293); the remaining 15,527 students had an exemption, of
which 99% were NMEs (n = 15,338).

The total number of students with an NME in the 2016–2017
school year was 39,703 (2.4%) (Fig. 1B). Of these, 39% were un-
immunized and 61% had received � 1 vaccine. Few students had
medical exemptions (n = 6,119), less than 0.4% of the total cohort.

The characteristics of students assigned to one of four classifica-
tions incorporating immunization and exemption information, are
presented in Table 1. Thirty-six percent of immunized (�1 vaccine
dose recorded in the DHIR) children without exemptions were in
the 7–10 year age strata, as compared to 47% un-immunized chil-
dren with an NME and 44% of un-immunized children without any
form of exemption, respectively. A greater proportion of un-
immunized children attend private schools (12–16%), regardless
of exemption status, as compared to 4% of children who are immu-
nized and without exemptions. Differences were also noted by
area-type. A greater proportion of un-immunized children without
exemptions live in urban areas (83%), as compared to 69% of
immunized children without exemptions. In contrast, a greater
proportion of un-immunized children with an NME live in rural
areas (25%), as compared to 14% of immunized children without
exemptions. Just under half (47–49%) of children with NMEs,
regardless of immunization status, reside in neighbourhoods
assigned to the two most affluent quintiles. In contrast, 52% of
un-immunized students without exemptions live in neighbour-
hoods in the two most deprived quintiles.
3.2. Geographic variability

The geographic variability in NMEs across Ontario is described
by PHU Region in Table 1 and further by PHU in Figs. 2A and 2B.
The proportions of students with an NME (with and without vac-
years in Ontario, Canada, 2016–2017 school year.

unized with
= 15,338)

Un-immunized, no
exemptions (n = 32,293)

Groups of Interest Combined*

(n = 1,643,141)

# (%) # (%)
9) 15,106 (47) 801,116 (49)
1) 17,157 (53) 841,852 (51)

30 (<1) 173 (<1)

7) 14,220 (44) 594,938 (36)
4) 6836 (21) 440,623 (27)
8) 11,237 (35) 607,580 (37)

(85) 27,062 (84) 1,565,522 (95)
2) 5050 (16) 71,038 (4)

181 (1) 6581 (<1)

4) 26,704 (83) 1,139,356 (69)
1) 2963 (9) 275,857 (17)

5) 2587 (8) 226,484 (14)
39 (<1) 1,444 (<1)

8) 12,088 (37) 543,300 (33)
4) 5564 (17) 336,143 (20)
1) 1431 (4) 206,795 (13)

101 (<1) 58,527 (4)
136 (<1) 25,543 (2)

0) 2988 (9) 190,010 (12)
3) 9840 (30) 280,653 (17)

145 (<1) 2,170 (<1)



Table 1 (continued)

Immunized, no exemptions
(n = 1,571,145)

Immunized, with NME
(n = 24,365)

Un-immunized with
NME (n = 15,338)

Un-immunized, no
exemptions (n = 32,293)

Groups of Interest Combined*

(n = 1,643,141)

Quintiles (Q) of Material deprivation
Q1 (most affluent) 299,700 (19) 5588 (23) 3468 (23) 3519 (11) 312,275 (19)
Q2 330,274 (21) 5940 (24) 3945 (26) 5063 (16) 345,222 (21)
Q3 311,538 (20) 5015 (21) 3577 (23) 6661 (21) 326,791 (20)
Q4 301,064 (19) 4020 (16) 2309 (15) 6102 (19) 313,495 (19)
Q5(most deprived) 321,747 (20) 3653 (15) 1923 (13) 10,560 (33) 337,883 (21)
Missing 6822 (<1) 149 (1) 116 (1) 388 (1) 7475 (<1)

* This group of students represents the sum of Groups 1A, 1B2, 2B2, and 2A.

Fig. 2A. Percentage of students aged 7–17 years with an NME and at least one vaccine dose, by Public Health Unit: 2016–2017 school year.
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cine doses in the DHIR) varied substantially by PHU and were high-
est among a small group of neighbouring PHUs located in the
southwest of Ontario.

3.3. Multivariable logistic regression

Factors associated with increased odds of having an NME and
being un-immunized included: attendance at private (aOR 3.29,
95% CI 3.13–3.46) or ‘other’ (aOR 7.30, 95% CI 6.56–8.12) schools,
living in a rural area (aOR 1.95, 95% CI 1.87–2.04) or small-
medium population centre (aOR 1.46, 95% CI 1.40–1.53), and living
in the South West (aOR 1.64, 95% CI 1.56–1.72), Central West (aOR
1.29, 95% CI 1.23–1.35) regions, as well as Toronto (aOR 1.16, 95%
CI 1.10–1.23) (Table 2). The odds of having an NME and being un-
immunized decreased with age (aOR for those aged 14–17: 0.59,
95% CI 0.57–0.61) and decreased with neighbourhood-level depri-
vation (aOR for those living in the most deprived quintile (Q5):
0.66, 95% CI 0.62–0.69). Similar associations were found in the
analysis of children with an NME and receipt of � 1 vaccine, with
the exception of age where the odds were higher for older age
groups compared to 7–10 year olds (aOR for those age 14–17:
1.41, 95% CI 1.37–1.45), sex (aOR for males: 1.07, 95%CI 1.04–
1.10) and differences noted by PHU Region.

Finally, un-immunized children with no exemptions had many
similarities to children with no immunizations and an NME with
several notable exceptions. Using the same reference group for
comparison (students with at least one vaccine dose and no
exemptions), un-immunized children with no exemptions were
less likely to reside in small-medium population centres and rural
centres (aOR for rural centres: 0.72, 95% CI 0.69–0.75; aOR for



Fig. 2B. Percentage of students aged 7–17 years with an NME and zero vaccine doses, by Public Health Unit: 2016–2017 school year.
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small/medium centre: 0.70, 95% CI 0.67–0.73), were more likely to
reside in neighbourhoods characterized by material deprivation
(aOR for those living in the most deprived quintile (Q5): 2.43,
95% CI 2.33–2.53) and more likely to be male (aOR 1.09, 95% CI
1.06–1.11).
3.4. Antigen-level non-medical exemptions and immunization status

Among the 39,703 students identified as having an NME, 91%
(n = 35,984) had an NME to all eight ISPA antigens that were appli-
cable to the birth years included within the study cohort (Table 3).
Only 2.6% (n = 1025) had an NME for only one antigen. Of these
students, 89% (n = 913) had their single NME recorded for
meningococcal vaccines. Among all children with an NME, 19–
48% were up-to-date for their immunizations, varying by specific
antigen (Fig. 3). With the exception of children with an NME for
meningococcal vaccines, for which 77% of children were un-
immunized, the proportion of children who were un-immunized
for specific antigens ranged from 44 to 52%.
4. Discussion

Our study provides the first estimates of un-immunized chil-
dren in Ontario, Canada and provides more detailed characteriza-
tion of students with NMEs than a previous analysis from our
team that was limited by aggregate data and focussed only on
NMEs to measles-containing vaccines [16]. Our findings indicate
that 2.4% students aged 7–17 in the 2016–2017 school year had
an NME to at least one antigen, and that the overwhelming major-
ity (>90%) had an NME to all eight antigens applicable to the study
cohort. When NMEs were examined at an antigen level, approxi-
mately half of children had some degree of protection to VPDs
for which they had NMEs recorded, with the exception of exemp-
tions for meningococcal disease where 77% of students with an
NME were un-immunized. The proportion of fully un-immunized
students in Ontario likely falls between 0.9% and 2.9%.

Uncertainty remains regarding the precise number of un-
immunized students in Ontario as it is unclear whether the
32,293 students in the DHIR who have neither immunizations,
nor exemptions (of any kind) reflect fully un-immunized children,
or children who have yet to be assessed by local PHUs who may be
up-to-date, partially immunized or un-immunized. Our descriptive
and multivariable analyses suggest this may be a distinct group of
students, as they differ from un-immunized children with an NME
in many ways, including being less likely to live in rural and smal-
ler centres and more likely to live in neighbourhoods characterized
by material deprivation. These factors would support the hypothe-
sis that these are students who are new to Ontario (and possibly
new to Canada), who have yet to be assessed under the Immuniza-
tion of School Pupils Act. Approximately 29% of Ontario’s population
is foreign-born and the largest proportion of newcomers to Canada
settle in the province, particularly in urban and suburban areas
comprising the Greater Toronto Area (GTA) (population 5.9 mil-
lion). For example, in several GTA municipalities outside the city
centre of Toronto, approximately half of the population is born out-
side of Canada [24]. Children who settle in Ontario after the local
PHU has completed its ISPA assessment and enforcement activities



Table 2
Association between student characteristics and three different immunization and exemption classifications, 2016–2017 school year.

Un-immunized with NME * (n = 15,214) Immunized, with NME* (n = 24,212) Un-immunized, no exemptions*

(n = 31,879)

Gender OR (95% CI) aOR (95% CI) OR (95% CI) aOR (95% CI) OR (95% CI) aOR (95% CI)
Female Ref Ref Ref Ref Ref Ref
Male 1.00 (0.97–1.03) 0.99 (0.96–1.03) 1.07 (1.04–1.10) 1.07 (1.04–1.10) 1.09 (1.06–1.11) 1.09 (1.06–1.11)

Age (years)
7–10 Ref Ref Ref Ref Ref Ref
11–13 0.68 (0.66–0.71) 0.67 (0.64–0.70) 1.17 (1.13–1.21) 1.16 (1.12–1.20) 0.64 (0.62–0.66) 0.63 (0.61–0.65)
14–17 0.58 (0.56–0.60) 0.59 (0.57–0.61) 1.40 (1.36–1.44) 1.41 (1.37–1.45) 0.75 (0.74–0.77) 0.75 (0.73–0.77)

School Board
Publicly-funded Ref Ref Ref Ref Ref Ref
Private 3.49 (3.33–3.67) 3.29 (3.13–3.46) 1.75 (1.66–1.84) 1.76 (1.67–1.85) 4.51 (4.37–4.66) 4.63 (4.48–4.78)
Other 9.96 (8.99–11.02) 7.30 (6.56–8.12) 4.94 (4.43–5.51) 4.14 (3.70–4.64) 1.75 (1.49–2.06) 2.61 (2.22–3.08)

Area Type
Urban Ref Ref Ref Ref Ref Ref
Small/Med population centre 1.60 (1.53–1.66) 1.46 (1.40–1.53) 1.44 (1.40–1.49) 1.22 (1.18–1.26) 0.46 (0.44–0.47) 0.70 (0.67–0.73)
Rural 2.33 (2.24–2.42) 1.95 (1.87–2.04) 1.80 (1.74–1.86) 1.50 (1.45–1.56) 0.45 (0.43–0.47) 0.72 (0.69–0.75)

PHU Region
Central East Ref Ref Ref Ref Ref Ref
Central West 1.42 (1.36–1.49) 1.29 (1.23–1.35) 1.55 (1.50–1.61) 1.48 (1.43–1.53) 0.73 (0.70–0.75) 0.78 (0.76–0.81)
Eastern 1.03 (0.97–1.09) 0.89 (0.84–0.94) 1.14 (1.09–1.19) 1.04 (1.00–1.09) 0.30 (0.28–0.32) 0.35 (0.33–0.37)
North East 1.02 (0.92–1.12) 0.86 (0.78–0.95) 1.48 (1.39–1.58) 1.32 (1.23–1.41) 0.08 (0.06–0.09) 0.11 (0.09–0.13)
North West 0.93 (0.80–1.08) 0.62 (0.53–0.72) 1.20 (1.08–1.34) 0.94 (0.84–1.04) 0.24 (0.20–0.28) 0.28 (0.23–0.33)
South West 2.08 (1.98–2.18) 1.64 (1.56–1.72) 1.78 (1.71–1.85) 1.57 (1.51–1.64) 0.71 (0.68–0.74) 0.85 (0.81–0.88)
Toronto 0.92 (0.87–0.97) 1.16 (1.10–1.23) 0.77 (0.74–0.81) 0.88 (0.84–0.92) 1.59 (1.55–1.63) 1.23 (1.20–1.27)

Quintiles (Q) of Material deprivation
Q1 (most affluent) Ref Ref Ref Ref Ref Ref
Q2 1.03 (0.99–1.08) 1.03 (0.99–1.08) 0.97 (0.93–1.00) 0.99 (0.95–1.02) 1.31 (1.25–1.37) 1.29 (1.23–1.35)
Q3 0.99 (0.95–1.04) 1.05 (1.00–1.10) 0.86 (0.83–0.90) 0.93 (0.89–0.97) 1.83 (1.75–1.90) 1.72 (1.65–1.79)
Q4 0.66 (0.63–0.70) 0.79 (0.75–0.83) 0.72 (0.69–0.75) 0.85 (0.82–0.89) 1.73 (1.66–1.81) 1.51 (1.45–1.58)
Q5 (most deprived) 0.52 (0.49–0.55) 0.66 (0.62–0.69) 0.61 (0.58–0.64) 0.77 (0.74–0.80) 2.80 (2.70–2.91) 2.43 (2.33–2.53)

* Reference is immunized children (>=1 dose) with no exemptions recorded in the DHIR (Group 1).

Table 3
Number of antigen-specific NMEs per student, among Ontario students with at least
one NME: 2016–2017 school year.

Number of antigen-specific
NMEs among students
with at least one NME

Number
of students

% of all students with
at least one NME
(n = 39,703)

1 1025 2.6
2 68 0.2
3 759 1.9
4 661 1.7
5 315 0.8
6 169 0.4
7 722 1.8
8 35,984 90.6
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will have a student record in the DHIR but no immunization infor-
mation until the next immunization screening and enforcement
period begins, the frequency of which varies considerably by
PHU. These factors suggest that the true proportion of fully un-
immunized children in Ontario may be closer to 0.9% than 2.9%.
We plan to reassess the immunization status of these children in
the future, by examining immunizations recorded in the DHIR in
the 2017–18 school year. Further work, including record linkage
to other sources of immunization data (i.e. physician billing data)
could also help to clarify the true immunization status of these
students.

Whether the proportion of un-immunized students in Ontario is
0.9% or 2.9%, or somewhere in between, these estimates are in line
with recent estimates of un-immunized children from individual
Canadian provinces [25,26] and from a large Canadian coverage
survey [27]. The 2013 childhood National Immunization Coverage
Survey (cNICS) surveyed parents of children aged 2, 7, and 17, in
addition to 12–14 year-old girls. A total of 1.5% (95% 1.2–1.7) were
fully un-immunized. Similar to our findings, this varied inversely
with age with a higher proportion of two-year children being un-
immunized (i.e. 2.7% of children at age 2, 95% CI 2.1–3.4%), relative
to older children [27].

We found similar age-related trends in our multivariable
regression analyses, with a 40% reduced odds of being un-
immunized (with an NME) among older children (aOR 0.59, 95%
CI 0.57–0.61), relative to the youngest age strata of 7–10 years.
We found the opposite for the outcome of having a NME and at
least one vaccine dose recorded. A 40% increase in the odds of this
outcome was observed for students age 14–17 (aOR 1.41, 95% CI
1.36–1.45), relative to the youngest students. One explanation for
these findings could be a cohort effect, mediated by increasing vac-
cine hesitancy among parents of younger children. A further possi-
bility is that parents might become more open to accepting
immunizations for their children over time and as their children
grow older, and immunize children for whom NMEs were previ-
ously submitted. This latter hypothesis is in keeping with our find-
ings that many children with NMEs were partially immunized, or
even up-to-date for immunizations associated with the antigen-
specific NMEs recorded with the DHIR. These findings are consis-
tent with other studies reporting on the immunization status of
children with exemptions [28–31]. For example, using data from
the 2013–2014 United States National Immunization Survey-
Kindergarten, Smith et al. found that 96% of children whose par-
ents had requested an exemption had received at least one vaccine
dose [28]. Children with exemptions had received on average 22
vaccine doses of any type, as compared to 28 doses among children
without an exemption; 43 to 55% of children were UTD, when
examined by vaccine. In Australia, Beard et al. found that 12–23%
of children with a recorded vaccine objection were fully vacci-
nated, varying by age. A further potential explanation for why so
many children in Ontario with NMEs are immunized may be



Fig. 3. Antigen-specific immunization status of Ontario students, among students with NMEs: 2016–2017 school year.
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related to the form used in Ontario. The form was revised in 2017
to request that parents specify to which antigen(s) the NME was
requested [19]. Previous versions on the form did not ask for this
information and exemptions may have been entered in the DHIR
across all ISPA antigens in the absence of further details.

Our finding that attendance at private and ‘other’ schools is
associated with increased odds of having an NME (regardless of
immunization status) is in line with US literature which has found
increased rates of NMEs at private, charter and Waldorf schools
[1,32,33]. The high aOR for having an NME and being un-
immunized observed for ‘‘other” schools at 7.09 (95% CI 6.37–
7.89) may be explained by the use of this school board type to cap-
ture religious schools and home schooled children. Ontario has
several religious communities in the southwest of the province
that are known to be non-accepting of immunization, and some
have been associated with outbreaks of VPDs [34,35]. This likely
explains the significant aORs observed for rural and small/medium
population centres and South West and Central West PHU Regions
among children with NMEs, regardless of immunization status. We
also found that private and ‘other’ school attendance was signifi-
cantly associated with increased odds of having no immunizations
or exemptions recorded in the DHIR. This likely reflects variability
in local implementation of the ISPA, for example by focussing on
students attending publicly-funded school boards, although this
requires further confirmation. Finally, we found that male gender
was associated with increased odds of having an NME and at least
one vaccine dose (aOR 1.07, 95%CI 1.04–1.10) as well as being un-
immunized and without exemptions (aOR 1.09, 95% CI 1.06–1.11).
Owing to the small size of the aORs and the population-based nat-
ure of this study, it is unclear if these findings represent a true, gen-
der effect that is small in magnitude, or a chance finding. Further
work examining whether a child’s gender influences parental
decision-making on immunization would be helpful in interpreting
these findings.

The strengths of this study include the use of a population-
based immunization repository, capturing all Ontario students
and enabling legislation supporting the routine collection of
immunization and exemption information. The transition to a cen-
tralized immunization repository in Ontario has facilitated the
analysis of data at an individual-level, including the ability to inte-
grate area-level and individual-level characteristics, including
immunization status. However, there are several limitations that
deserve mention. Children attending school but younger than
seven years of age were excluded from our assessment for several
reasons. Age seven is a recommended age milestone used in
Canada for the surveillance of immunization coverage, as it allows
the assessment of the receipt of pre-school booster doses given
between four and six years-of-age [36]. It is also an age milestone
commonly used by PHUs to initiate ISPA assessment and enforce-
ment activities. As a consequence, we may have under-estimated
the true proportion of children with NMEs and the proportion of
un-immunized children, especially in light of the age-specific
trends noted in our analysis. In addition, we did not examine
exemptions to varicella in our analyses as this ISPA requirement
applies only to children born in 2010 and after, birth years outside
our analytic cohort. Other studies have found varicella to be one of
the most commonly refused vaccines among parents who have
requested NMEs [29,37]. The future monitoring of NMEs in Ontario
will need to consider this in the interpretation of future trends. A
final limitation of our work is the use of PHU and PHU Region as
the spatial resolution for the maps and multivariable regression
analyses, respectively. We plan to address this in a future study
that will assess geospatial clustering of un-immunized children
and those with NMEs using 2016 Canadian Census geographies
to provide a more detailed understanding of the distribution of
exemptions and un-immunized children at a smaller-area level
in Ontario.
5. Conclusions

Using a centralized, population-based immunization repository
we calculated that among Ontario students aged 7 to 17 in the
2016–2017 school year, 2.4% had at least one NME and that the
vast majority of students had exemptions recorded for all VPDs
noted in the relevant legislation. Despite this, 61% of students
had at least one vaccine dose in the DHIR and about 50% were par-
tially immunized or up-to-date, varying by antigen. Further work
remains to be done to better determine if these findings reflect
an artefact of data collection or relate in any way to changes in vac-
cine decision-making over time. A future study would also be help-
ful to examine and distinguish between age and cohort effects, and
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to better understand the temporal sequence between the dates of
individual immunization events and the date(s) associated with
the submission of NMEs. Finally, we also found that a number of
students, comparable in size to those with NMEs, had no immu-
nization/exemption information recorded in the DHIR and that
these children were more likely to live in more deprived neigh-
bourhoods. This requires further study and additional data sources
to confirm their true immunization status and to better understand
the health equity findings to inform future solutions.
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