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Children who begin but do not fully complete the recommended series of childhood vaccines by 2 y of age are a
much larger group than those who receive no vaccines. While parents who refuse all vaccines typically express concern
about vaccine safety, it is critical to determine what influences parents of ‘partially’ immunized children. This case-
control study examined whether parental concern about vaccine safety was responsible for partial immunization, and
whether other personal or system-level factors played an important role. A random sample of parents of partially and
completely immunized 2 y old children were selected from a Canadian regional immunization registry and completed a
postal survey assessing various personal and system-level factors. Unadjusted odds ratios (OR) and adjusted ORs (aOR)
were calculated with logistic regression. While vaccine safety concern was associated with partial immunization (OR
7.338, 95% Cl 4.138- 13.012), other variables were more strongly associated and reduced the strength of the
relationship between concern and partial immunization in multivariable analysis (aOR 2.829, 95% Cl 1.151 - 6.957).
Other important factors included perceived disease susceptibility and severity (aOR 4.629, 95% Cl 2.017 — 10.625),
residential mobility (aOR 3.908, 95% Cl 2.075 - 7.358), daycare use (@OR 0.310, 95% Cl 0.144 - 0.671), number of needles
administered at each visit (@OR 7.734, 95% Cl 2.598 - 23.025) and access to a regular physician (aOR 0.219, 95% Cl 0.057
— 0.846). While concern about vaccine safety may be addressed through educational strategies, this study suggests that

additional program and policy-level strategies may positively impact immunization uptake.

Introduction

Although children who receive no vaccines are a cause for con-
cern, children who are only partially immunized by the age of 2 y
are a larger and arguably more important group to understand.
‘Partially immunized’ children, who have received some but not
all recommended vaccine doses, comprise the vast majority of
children under/unprotected from vaccine-preventable disease. In
Canada, where immunizations are not mandatory in most juris-
dictions, it is estimated that 28-40% of children are partially
immunized at 2 y of age, compared to less than 2% who have
received no vaccines."”” Understanding what influences parents
who only partially immunize their children is essential. While it
is difficult to change the behavior of ‘committed refusers’, there
is the potential to improve vaccine uptake among “children
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whose parents either are open to immunization but encounter
barriers to obtaining vaccines or hesitate because of fears and con-
cerns about safety." *® %2 Understanding the role of vaccine
safety concern and the influence of other factors (including sys-
temic obstacles) in mediating such concern is critical in address-
ing the large number of partially immunized children,* and in
turn, promoting public health and population protection from
vaccine-preventable diseases.

This study addressed this gap in knowledge by exploring the
factors influencing parents whose children are partially immu-
nized by 2 y of age (missing >1 vaccine dose, but not refusing
all). We used a postal survey to examine whether concern about
vaccine safety was the primary reason for failure to complete the
vaccine series by 2 years, or if other attitudes and beliefs or per-
sonal and systemic factors were equally or more important.
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Results

Response rate

Of the 1342 subjects in the sample (671 completely immunized
children and 671 incompletely immunized children), 274 were inel-
igible due to invalid addresses, 18 withdrew from the study, 589 did
not respond, and 461 questionnaires were completed and returned
(see Fig. 1). The final response rate was 43% (461/1068); there was
a statically significant difference (P < 0.001) in response rate
between parents of completely immunized (51.7%, 331/640) and
incompletely immunized children (30.4%, 130/428). The sample
of incompletely immunized children included those who were par-
tially immunized (n = 113) and those who had received no vaccines
(n = 17); the latter group were excluded from this analysis. The
partially immunized children represent a heterogeneous group who
were missing any number of the 13 vaccines recommended before
the age of 2 y.

Survey results

Table 1 presents the characteristics of respondents according
to children’s immunization status. There was no statistically sig-
nificant difference between parents of children who were
completely and partially immunized in regards to parents’ age,
place of birth, marital status, level of education, Aboriginal status,
or household income. Table 2 shows the unadjusted odds ratios
(OR) for the associations between each exposure variable and the

presents the adjusted ORs (aOR) from the multivariable logistic
regression model that included all other variables in Table 2, as
well as the covariates in Table 1. The aOR allows us to assess the
independent association between each exposure and the outcome
variable, after controlling for all other exposure variables in the
model. This enables us to determine if the association between
one exposure variable and the outcome variable is being altered
by other exposure variables.

Vaccine safety concern

Concern about vaccine safety was strongly associated with
being partially immunized in unadjusted analysis (OR 7.338,
95% CI 4.138 — 13.012), but the effect was substantially reduced
when all other variables were added to the model (aOR 2.829,
95% CI 1.151 — 6.957). Lack of belief in disease susceptibility
and severity was highly associated with partial immunization
(aOR 4.629, 95% CI 2.017-10.625), and played a role in medi-
ating the influence of vaccine safety concern. Distrust in medical
professionals and the government were only associated with par-
tial immunization in unadjusted analysis.

Personal characteristics

Having > 3 children under the age of 18 y in the household
was associated with being partially immunized in unadjusted
analysis, but did not remain statistically significant in the multi-
variable model. No confounding or interaction was found

outcome variable (the child’s immunization status). It also between the number of children and the ‘hassles of
immunization’. Residential mobility (hav-
ing moved in the 2 y since the child was
born) was strongly associated with partial
. immunization (@aOR 3.908, 95% CI
Sample selected from registry 20 8) I di
n=1342 .075-7.358). [n contrast, a strong predic-
(671 cases + 671 controls) tor of com])letf immunization was he'wmg a
: primary caregiver who worked outside the
I 1 home in the first 2 y after birth, if the child
Returmed to sender (RTS): NotllzéT: attended daycare (aOR 0.310, 95% CI
n: n: . . .
(214 cases + 60 controls) (425 cases + 640 controls) 0.144-0.671); the association was not sig-
I nificant if the child did not attend daycare.
I 1
Non-respondent Respondent .
=607 ni 161 System-level variables
(309controls + 298 cases) (130 cases + 331 controls) . Parcgts .WhO had delayed their Chl‘ld s
: I " . immunizations because there were ‘too
Withdrew — Soms Alll many needles given at one visit’ were much
No reply INo vaccines| - . . . P .
520 from study e vaccines vaccines more likely to only partially immunize
n= =
n=18 n n=113 n=331 (OR 15.100, 95% CI 6.391 — 35.675),
(289 cases + 300 controls) T ll T . .
(9 cases + 9 controls) regardless of other variables being added to
Excluded | |Included in| |Includedin| | he model (aOR 7.734, 95% CI 2.598 —
from analysis as | |analysis as , | b .
analysis® Chers Controls 23.025). Parents’ perception that getting
immunizations was a ‘big hassle’ (measured
as being ‘quite or very difficult’) was associ-
- i ated with partial immunization in multi-
Figure 1. Sample selection. . . o
#Returned to sender’ by the post office with no forwarding address. variable analy51s (aQR 14.470, 95% CI
PThe original sample included 17 children who had received no vaccines. These children were 2.206 - 34.922), while the lower categories
excluded from this analysis because (1) Children who receive no vaccines are a group distinct from of difficulty were not. However, none of
those who start but do not complete immunizations™'* and (2) Survey questions regarding experi- the specific ‘hassles’ of getting a child
ences with immunization services were not applicable to this group. . . . .. .
immunized (e.g. distance to clinic, wait
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Table 1. Characteristics of respondents according to child’s immunization status®

Immunization Status °

Variable Partially Immunized (N = 113)¢ Completely Immunized (N = 331)¢
Mother’s age (mean in years) 32.81 32.85
Father's age (mean in years) 34.75 35.16
Mother’s place of birth, % (n)
In Canada 81.4% (92) 80.1% (265)
Not in Canada 16.8% (19) 19.3% (64)
Father’s place of birth, % (n)
In Canada 75.2% (85) 80.1% (265)
Not in Canada 22.1% (25) 19.0% (63)
Mother’s level of education, % (n)
Less than high school diploma 6.2% (7) 4.5% (15)
High school graduate 11.5% (13) 12.4% (41)
Some college/university 17.7% (20) 14.5% (48)
College or Trade certificate/diploma 20.4% (23) 26.6% (88)
University undergraduate degree 30.1% (34) 30.2% (100)
Graduate/Post-graduate degree 12.4% (14) 10.6% (35)
Father’s level of education, % (n)
Less than high school diploma 4.4% (5) 6.6% (22)
High school graduate 12.4% (14) 13.6% (45)
Some college/university 10.6% (12) 9.1% (30)
College or Trade certificate/diploma 28.3% (32) 39.3% (130)
University undergraduate degree 19.5% (22) 16.9% (56)
Graduate/Post-graduate degree 20.4% (23) 11.8% (39)
Primary caregiver Aboriginal, % (n)
No 92.9% (105) 93.1% (308)
Yes 4.4% (5) 3.0% (10)
Primary caregiver a single parent, % (n)
No 87.6% (99) 91.8% (303)
Yes 12.4% (14) 8.2% (27)
Household income, % (n)
Less than $40,000 9.7% (11) 7.5% (25)
$40,000-59,999 9.7% (11) 10.3% (34)
$60,000-79,999 10.6% (12) 14.8% (49)
$80,000-99,000 15.9% (18) 16.9% (56)
$100,000-119,999 12.4% (14) 14.8% (49)
$120,000-139,999 6.2% (7) 9.4% (31)
More than $140,000 19.5% (22) 13.3% (44)

“Children with no vaccines (N = 17) were excluded from this analysis.

PThere were no statistically significant differences between the groups for any of the variables.

“Frequencies may not add up to total due to item non-response.

dSelf-identified single status, may include divorced, widowed, never married, or common-law.

time in clinic) were associated with immunization status. Chil-
dren with a regular family doctor/pediatrician were more likely
to be completely immunized, even when all other variables were
controlled for (aOR 0.219, 95% CI 0.057 — 0.846). There were
a number of other systemic factors that were associated with
immunization status in the unadjusted analysis that did not
remain significant in the multivariable model (such as needle
pain and exposure to negative views about immunizations in the
media).

Discussion
Previous research has found that parents who refisse all vaccines

have significant concerns about vaccine safety.”” Our study
found that concern about vaccine safety was also a significant
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barrier to vaccine completion among parents of children who
had started the vaccine series. It is uncertain whether these
parents started immunizing despite an existing concern, or
whether their concern arose after the start of the immunization
series. It is known that even parents of fully immunized children
often have concerns about vaccine safety‘,s'12 so it is conceivable
that these parents had pre-existing concerns, but chose to begin
immunizing, only to stop part way through the series. It is also
possible that these parents had concerns about only specific vac-
cines and were selectively refusing some vaccines, while accepting
of others."> Unfortunately, our data does not allow us to distin-
guish between selective immunizers and those who received some
doses but never finish the vaccine series. Future work is planned
to distinguish these subsets of partial immunizers. A unique con-
tribution of our work is that it builds on previous studies of
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Table 2. Unadjusted and adjusted/multivariable odds ratios (OR) and confidence intervals (Cl) for association with partial immunization, as compared to

complete immunization®

Variable Unadjusted OR (95% Cl) Adjusted OR® (95% Cl)
Knowledge, attitudes, and beliefs
Concerned about vaccine safety ©
No Reference Reference
Yes 7.338 (4.138-13.012) 2.829 (1.151-6.957)

Lack of belief in disease susceptibility and severity, and vaccine effectiveness
No
Yes
Distrust in medical professionals ©
Distrust in governmentf
Personal variables

Number of children in household
<3
>3 children

Need more social support 9

Member of household with serious health issue
No
Yes

Moved in past 2 years
No
Yes

Worked & Used childcare in first 2 years?
Did not work
Worked, but no childcare outside home
Worked and used childcare outside home

Systemic variables, including experience with immunizations and the immunization delivery system

Reference

6.001 (3.717-9.690)
1.317 (1.131-1.533)
1.116 (1.046-1.306)

Reference
1.643 (1.032-2.618)
1.044 (0.945-1.153)

Reference
1.264 (0.674-2.371)

Reference
2471 (1.564-3.904)

Reference
0.706 (0.417-1.195)
0.488 (0.290-0.819)

Bad immunization experience with older child
No
Yes
Experience with side effect(s)
No
Yes
Knew someone with a vaccine-preventable disease
No
Yes
Positive experience with immunization provider h
Received adequate information on immunizations
No
Yes
Heard negative views about immunizations in the media
No
Yes
Ever delayed immunizations because too many needles at once
No
Yes
Considered not getting immunizations because of needle pain
No
Yes
Child has a regular family doctor/pediatrician
No
Yes
Getting immunizations was a hassle/difficult
Not difficult
Slightly difficult
Somewhat difficult
Quite or Very difficult
Specific hassles:
Difficult to travel to clinic?
No
Yes

Reference
1.532 (0.806-2.915)

Reference
2.688 (1.714-4.216)

Reference
0.810 (0.496-1.324)
0.849 (0.789-0.912)

Reference
0.320 (0.196-0.520)

Reference
1.789 (1.020-3.135)

Reference
15.100 (6.391-35.675)

Reference
2.632 (1.399-4.953)

Reference
0.182 (0.070-0.474)

Reference

0.506 (0.061-4.191)
1.372 (0.830-2.268)
1.983 (0.972-4.047)

Reference
1.087 (0.637-1.854)
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Reference

4.629 (2.017-10.625)
0.973 (0.750-1.262)
0.972 (0.813-1.162)

Reference
1.919 (0.927-3.973)
1.099 (0.950-1.271)

Reference
1.615 (0.682-3.828)

Reference
3.908 (2.075-7.358)

Reference
0.525 (0.247-1.116)
0.310(0.144 - 0.671)

Reference
0.732 (0.285-1.881)

Reference
1.657 (0.869-3.160)

Reference
0.813 (0.408-1.619)
0.993 (0.882-1.117)

Reference
1.220 (0.535-2.780)

Reference
1.768 (0.783-3.996)

Reference
7.734 (2.598-23.025)

Reference
0.818 (0.293-2.248)

Reference
0.219 (0.057-0.846)

Reference

1.389 (0.676 - 2.852)
1.089 (0.373 - 3.177)
14.470 (2.206- 34.922)

Reference
0.581 (0.242-1.396)

(Continued on next page)
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Table 2. Unadjusted and adjusted/multivariable odds ratios (OR) and confidence intervals (Cl) for association with partial immunization, as compared to

complete immunization® (Continued)

Variable

Unadjusted OR (95% Cl)

Adjusted OR® (95% CI)

Clinic far from home?'
No
Yes

Wait time in clinic unreasonable
No
Yes

Had to bring other children or get childcare
No
Yes

Had to take time off/rearrange work schedule
No
Yes

Clinic hours/appointment convenient ™

Reference
1.243 (0.731-2.115)

Reference
1.163 (0.627-2.158)

Reference
1.111 (0.714-1.730)

Reference
1.278 (0.827-1.975)
0.882 (0.777-1.001)

Reference
1.089 (0.517-2.294)

Reference
0.653 (0.256-1.667)

Reference
1.047 (0.533-2.056)

Reference
1.559 (0.808-3.007)
0.945 (0.774-1.153)

“Details of coding of variables and handling of missing values are described in the online supplement.
bAdjusted for all other variables in Table 2, plus all socioeconomic variables in Table 1.
“Measured on a scale from 5-25; Composite score of 5 variables (each on 5-point Likert scale) measuring vaccine safety, determined by factor analysis.

Dichotomized at natural breakpoint; No = scored <12; Yes = scored >12.

9Measured on a scale from 9-45; Composite score of 9 variables (each on 5-point Likert scale) measuring belief in susceptibility to and severity of disease,
and effectiveness of vaccines, determined by factor analysis. Dichotomized at natural breakpoint; No = scored < 33; Yes = scored >33.

®Measured on a scale from 2 to 10; Composite score of 2 variables (each on 5-point Likert scale) measuring distrust in nurses and physicians.

fMeasured on a scale from 2 to 10; Composite score of 2 variables (each on 5-point Likert scale) measuring distrust in provincial and federal governments.
9Measured on a scale from 2 to10, based on previously validated measure (Seeman & Berkman, 1988).

PMeasured on a scale from 5-25; Composite score of 5 variables (each on 5-point Likert scale) measuring quality of previous experience (trust and positive

interactions) with immunization providers (nurses and clinic staff).
'Variable non-significant overall in multivariate analysis.

ICategories for Don't know and/or Missing not statistically significant and not shown.

KMeasured on 5-point Likert scale. Dichotomized: No = Not difficult at all, Yes = Slightly difficult to very difficult.

'Measured on 5-point Likert scale. Dichotomized: No = Very or quite close, Yes = Quite or very far.

MMeasured on a scale from 2 to 10; Composite score of 2 variables (each on 5-point Likert scale) measuring convenience of clinic hours and appointment

time.

parental beliefs that did not assess system level factors'®!”, and it
assesses the attitudes of parents who only partially immunize their
children, addressing an identified gap in knowledge.” Our find-
ings indicate that, irrespective of health care system factors that
may impede access, immunization uptake is strongly influenced
by concern about vaccine safety and lack of belief in vaccine effec-
tiveness or disease susceptibility and severity.

Children who moved residence since birth were more likely to
be partially immunized, confirming findings of previous stud-
ies.”'2 It is likely that residential mobility results in practical
barriers, such as not knowing where to go for immunizations or
not receiving appointment reminders.” In addition to its impact
on vaccine completion, residential mobility also poses a challenge
for the maintenance of accurate immunization records. The vast
majority of undeliverable surveys in our sample (214 of 274)
were for ‘partially immunized’ children according to the registry,
when in fact these ‘unreachable’ children may have been com-
plete for immunizations, but lost to follow up. Improvements in
immunization registry systems that make it easier to access and
link information could enable more efficient tracking and follow-
up of families who move.'®

Vaccine uptake was strongly associated with the child attending
daycare when the primary caregiver worked outside the home in
the first 2 y after birth. This finding was somewhat surprising, as
we had anticipated that the mother’s return to work would be a

www.landesbioscience.com

barrier to immunization completion, due to conflicts between
immunization appointments and employment commitments.*!
Our finding to the contrary suggests that, in fact, attendance at
daycare promoted immunization completion. This may be due to
parents’ altered perception of risk once their child leaves the ‘safe
haven’ of home, a hypothesis that is consistent with our finding
that belief in disease susceptibility is an important factor influenc-
ing immunization completion. Daycare immunization policies
themselves were not responsible for this finding, as there is no leg-
islated daycare immunization policy in the region and the majority
of parents in our study reported that their child’s daycare did not
require documentation of immunization. Previous studies have
assessed the impact of employment, with mixed findings,”'® but
not the influence of childcare outside the home.

Parental concern about the number of needles administered at
a single visit was the strongest influence on partial immunization.
It is noteworthy that children in our study setting received a total
of 13 injections by age 2, with up to 4 needles at a single visit.
The statistical and clinical significance of this factor in the multi-
variable model suggests that, regardless of concern about vaccine
safety, parents who felt that too many needles were given at one
visit were more likely to not complete their children’s immuniza-
tions by age 2. This finding is consistent with other studies which

2732
732 and

30,33,34

found that parents object to the number of injections
that fewer injections at each visit might improve uptake.
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This suggests that measures to reduce the number of needles
(either overall number in the schedule or number per visit) might
have a meaningful impact on parents’ decision to complete
immunizations. Unfortunately, decreasing the total number of
needles in the schedule through introduction of combination vac-
cines may antagonize parents who object to combining multiple

%5 and even more of a concern is the fact

antigens in a vaccine;
that decreasing the number of needles per visit increases the num-
ber of necessary visits, which has been shown to decrease the like-
lihood of completing immunizations.****

The association between having a regular family doctor or
pediatrician and completion of immunizations is supported by
previous studies which show that a relationship with a trusted
health care provider increases immunization uptake.***’ How-
ever, studies that have found this association in a context where
physicians provide the immunizations might have difficulty
drawing conclusions about the relationship between having a
physician and getting immunized, since one is a necessary prereq-
uisite for the other. This study is unique in that it completely
removes that factor, given that vaccines are provided by public
health nurses in our setting. This finding could be explained by
physicians promoting immunizations to their patients, even
though they are not the ones providing them, or it may be that
parents who have a regular physician for their child are also more
likely to engage in health prevention behavior, or have greater
trust in health care system recommendations, including child-
hood immunizations.'” In either case, the value of this trusting
relationship cannot be understated. Physicians ‘dismissing’
patie:lti from their practice for refusing to vaccinate their chil-
dren*®*!

positively influence parents’ vaccine attitudes and practices.

jeopardizes one of the best opportunities available to

Strengths and limitations

This study included systemic factors related to the immu-
nization delivery process in a multivariable model along with
vaccine safety concern and other variables, which enabled us
to determine whether system level variables moderated paren-
tal safety concerns, or were strong predictors of vaccine
uptake over and above parental concern. It is important to
consider whether these study results are generalizable to juris-
dictions, such as the USA, where mandatory immunization
school entry policies exist. It is likely that the findings are
applicable to the pre-school population in such jurisdictions,
which have comparable immunization coverage rates at age
2 y (30% of 19-35 month old American children are par-
tially immunized and 1% have received no vaccine doses).*?
However, vaccine uptake in school-aged children in the pres-
ence of mandatory policies would conceivably be less influ-
enced by system-level barriers and more by parental objection
to vaccines, since parental filing of an approved exemption is
required for vaccine refusal. Non-coverage error in our study
was minimized by using a sampling frame that was largely
inclusive of the cohort of interest. However, we were not
able to assess urban-rural differences because we did not have
proportional sampling from rural and urban communities

2608

Human Vaccines & Immunotherapeutics

and our sample only included the semi-rural communities
surrounding Edmonton and not remote rural residents.

Our considerable efforts to minimize survey non-response
enabled us to achieve a response rate of 43%, close to our antici-
pated rate of 50%. However, this modest response rate and the
statistically significant differential response rate between com-
plete and partial immunizers does leave the possibility for non-
response bias if the associations determined in the sample differed
between respondents and non-respondents (as described in the
online supplement). It is possible that survey non-response is due
to overwhelming time demands on some parents, which might
also be associated with being partially immunized. Thus, the
lower response rate from partial immunizers in our study may
result in an under-estimate of the influence of system-level factors
(e.g., inconvenient clinic hours, distance to clinic) on immuniza-
tion uptake.

In the absence of a previously validated questionnaire we fol-
lowed a rigorous questionnaire development process (see online
supplement) and used validated questions whenever possible.
However the excessive length of our questionnaire likely contrib-
uted to survey non-response.

Although a number of systemic variables were significant in
unadjusted analysis, many did not maintain significance in the
multivariable model. It is possible that our sample size limited
the ability to detect differences in multivariable analysis. Some of
these variables are potentially important in the context of emerg-
ing vaccines. For instance, the negative association between vac-
cine uptake and parents’ experience with vaccine side effects is
worthy of further exploration given the development of newer
vaccines with increased risk of side effects (e.g., febrile seizure
after MMR-Varicella Vaccine43). Clearly, further research with
larger samples that allow modeling of direct and indirect effects
would be valuable, as would studies that tease apart the heteroge-
neity of the group of ‘partial’ immunizers.

Conclusion

While concern about vaccine safety has previously been found
to be associated with refusal of vaccines, the relationship is not
straightforward. Our study shows that many parents who initially
started immunizing their child also had concerns about vaccine
safety. Other parental attitudes and beliefs, as well as personal
and systemic factors, were also found to influence immunization
status, either through a direct effect or by mediating the influence
of parental safety concern. Our study identified variables that can
be influenced through policy and/or program strategies and are
not dependent on public or parent health education. This pro-
vides an important opportunity, given the challenge of changing
individuals’ attitudes and beliefs.**

System level strategies that health care providers and program
and policy administrators might take to improve immunization
coverage include: (a) improved tracking and follow-up of families
following residential moves, including use of computerized
immunization information systems and appointment reminders
that provide the location of the nearest immunization clinic; (b)
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strategies to promote immunization of children that do not
attend daycare; (c) development and use of more combination
vaccines, while still allowing parents the choice of separate vac-
cines; and (d) improved access to regular family physicians or
pediatricians, and promotion of immunization by such physi-
cians, regardless of whether they are the designated immunization
provider.

Methods

Study population and setting

The target population was parents or primary care-givers of a
cohort of children who turned 2 y old between May 2008 - April
2009. The study was conducted in the city of Edmonton and sur-
rounding rural communities (population ~1.1. million®) in the
province of Alberta, Canada. There is no mandatory immuniza-
tion school entry policy in the province, so parents can choose
not to immunize without any penalty or need to file an exemp-
tion. All routine childhood immunizations in Alberta are pub-
licly-funded and administered free of charge by public health
nurses in community-based clinics. In the Edmonton region,
immunization records are entered into a computerized immuni-
zation registry, the details of which have been reported
elsewhere.*

Study design

A sample of 1342 parents were recruited to participate in a
postal survey to assess the immunization views, experiences, and
characteristics of parents of children whose immunizations were
complete at 2 y of age (controls, n = 671) compared to those
who were incompletely immunized (cases, n = 671). ‘Completely
immunized’ children had received all doses of the recommended
immunization schedule: 4 doses of Diphtheria, Tetanus, acellular
Pertussis, Polio and Haemophilus influenzae type b; 1 dose of
Measles, Mumps, and Rubella; 1 dose of Varicella, or history of
disease; 3 doses of Meningococcal C conjugate; and 4 doses of
Pneumococcal 7-valent conjugate. For the purposes of this analy-
sis, ‘incompletely immunized’ children were further subcategorized
as cither ‘received no vaccines’ or were ‘partially immunized’
(received >1 dose of any of the vaccines, but had not completed
the schedule by the age of 24 months). Subjects were selected
from the immunization registry using random number generation
and an algorithm to account for variation in the number of doses
required for children who were older at initiation of the series or
due to individual clinical conditions. The sample size for the study
was calculated using an effect size and response rate from a previ-
ous study,47 a 95% Confidence Interval, 80% Power (3 = 0.20),

and a 1:1 ratio of cases to controls.

Data Collection
A questionnaire was developed to assess (a) socioeconomic

characteristics; (b) concern about vaccine safety; (c) other atti-
tudes and beliefs about immunizations and vaccine-preventable

www.landesbioscience.com
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disease; (d) personal factors; and (e) systemic factors. The details
of the questionnaire design and validation process are presented
in the online supplementary document. Validated postal survey
procedures “® were followed to promote a high response rate and
minimize the potential for non-response bias. Study parents were
mailed an advance notification letter, followed by the question-
naire and a postage-paid return envelope one week later. Partici-
pants who did not respond within 3 weeks were sent a reminder
postcard, followed by a replacement survey 3 weeks later, and a
final reminder another 3 weeks later. Parents could confidentially
opt out of the survey at any time using their assigned tracking
number. Return of the completed questionnaire implied consent
to participate in the study. Ethical approval was obtained from
the Health Research Ethics Board at the University of Alberta.

Data entry and analysis

Survey responses were entered into SPSS version 20.0% using
the REDCap data management system.’® Double data entry of
10% of the sample found a sufficiently low level of error (0.13%)
to confirm the accuracy of data entry. The outcome variable for
this analysis was the child’s immunization status; 1 = Partially
immunized (cases) and 0 = Completely immunized (controls).
Children with no vaccines (n = 17) were excluded from this anal-
ysis. Unadjusted/crude ORs of the association between each
exposure variable and the outcome variable were calculated using
bivariate logistic regression. A multivariable logistic regression
was then performed to determine the adjusted OR (aOR) for
each variable. Variables were included in the multivariable model
based on their clinical significance (i.e., if evidence from the liter-
ature suggested that they were relevant or there was a scientifically
plausible association with the outcome or another exposure varia-
bles), and were maintained in the model regardless of statistical
significance in bivariate analysis, in case they exerted an effect in
the multivariable model. Potential confounders and theoretically
plausible interaction effects were also tested in the model and
maintained if significant. The coding of variables for analysis can
be found in the online supplement.
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