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Abstract

Background Understanding if and how vaccination attitudes are shared among family members can help inform
strategies to increase uptake. We assessed the correlation of self-reported COVID-19 vaccination attitudes and uptake
among Canadian children and their parents, and investigated predictors of parents'attitudes in January 2021-2022.

Methods We studied a subset of 1458 CHILD Cohort Study households where children and parents self-reported
their adherence to COVID-19 safety practices, vaccine attitudes and uptake, and health status during the pandemic.
Vaccine hesitancy was defined as intending to not receive a COVID-19 vaccine. We identified predictors for vaccine
hesitancy using regression and machine learning models and assessed agreement in vaccine intentions between
parent—child responses.

Results About 4% of adults and 9% of children expressed hesitancy regarding the COVID-19 vaccine, with safety

as the primary concern. By the end of the study (Winter 2022), 2% of parents and 13% of children remained
unvaccinated. Children’s intentions were largely aligned (over 95%) with their parents’vaccine uptake. COVID-19
vaccine hesitancy among children was much more common in families with unvaccinated parents (e.g. 48% vs. 5%
hesitancy among children of unvaccinated vs. vaccinated mothers, respectively). Unvaccinated adults were less likely
to follow COVID-19 safety recommendations and follow their doctor’s vaccine recommendations, and more likely to
have general concerns about vaccines.

Conclusion This is the first study to describe Canadian children’s and parent’s self-reported COVID-19 vaccine
attitudes and intentions. Responses were highly concordant within families. Addressing vaccine hesitancy through
understanding its root causes in both children and parents is important for pediatric immunization, both in general
and in the context of novel vaccines.
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Introduction

Vaccination is critical for individual and population-
based health protection both in general and in the con-
text of emergencies such as the COVID-19 Pandemic [49,
51]. Vaccine hesitancy is defined by the World Health
Organization (WHO) as “a motivational state of being
conflicted about, or opposed to, getting vaccinated, this
includes intentions and willingness” [50]. Even before the
COVID-19 pandemic, vaccine hesitancy was declared
by the WHO to be one of the ten greatest global health
threats [48].

Prior to the pandemic, global immunization efforts had
averted approximately 154 million deaths over the past
half-century [41]. A meta-analysis of parents with chil-
dren aged 0-6 years found a global pooled prevalence of
routine childhood vaccination hesitancy of 21.1% with
hesitancy levels lowest in the Americas (13.3%) and high-
est in the Eastern Mediterranean (27.9%) [1]. Between
1980 and 2019, global coverage for the original Expanded
Program on Immunization nearly doubled, for example,
Diphtheria-Tetanus-Pertussis (DTP3) coverage rose from
39.6% to 80.9% [1, 17]. During the COVID-19 pandemic
routine immunization coverage dropped [23, 28] and
vaccine hesitancy gained greater prominence amidst
changing vaccine mandates, skepticism toward public
health recommendations and greater dissemination of
online disinformation [15, 47]. The COVID-19 pandemic
triggered the largest sustained decrease in childhood vac-
cinations in 30 years, reversing decades of progress [18,
50]. Global DTP3 coverage fell to 81% in 2021 from the
pre-pandemic baseline of 86% and only partially recov-
ered to 85% [3, 42, 52]. Skepticism towards COVID-19
vaccines has negatively impacted confidence in routine
childhood immunization and the post-COVID period
has resulted in vaccine rates slipping worldwide with
outbreaks of vaccine preventable diseases like measles,
meningitis and yellow fever in previously vaccinated pop-
ulations [17, 27, 29, 38].

Canada has historically had stable childhood vaccina-
tion coverage but continued to trail behind international
peers ranking 28 among 29 peer nations for childhood
immunization rates going into the COVID-19 pandemic
(e.g. 90% coverage for measles and 92% coverage for polio
in 2019) [31, 40]. At the time it was unclear how willing
parents would be to vaccinate their children particularly
with the introduction of novel mRNA vaccines [2, 8, 46].
Children in Canada became eligible for COVID-19 vac-
cination in May 2021 (ages 12—17 years), November 2021
(age 5-11 years) and July 2022 (age 6 months—5 years).
In 2026 these mRNA COVID-19 vaccines remain rec-
ommended for Canadian children and have favourable

safety and immunogenetic profiles reported [5, 11, 34].
Although Canada initially achieved high COVID-19 vac-
cine uptake among chidren, uptake was not universal
and varied across age groups. Parent acceptance of vac-
cines were associated with the child’s age [20] as well as
other perceptions of safety and necessity [19, 45]. Uptake
significantly declined as the pandemic progressed and
post-pandemic rates of COVID-19 vaccine hesitancy
have increased among parents [33]. Beyond the COVID-
19 vaccine and mirroring the global trend of stagnation,
the post-pandemic period has marked a decline in child-
hood immunization with up to 25% of Canadian parents
reported delaying or missing a routine immunization
since the pandemic [26].

Careful study of the factors that hinder routine child-
hood immunization internationally and the uptake of
novel COVID-19 vaccines is essential to identifying bar-
riers and improving vaccination rates moving forward.
Study in this area has identified that global child immu-
nization rates may be affected by concerns regarding the
safety, effectiveness, or novelty of vaccines [12, 20, 53].
Other known determinants of childhood vaccination
include context-specific individual or group related fac-
tors, such as parental socio-economic status, social and
media influences, attitudes about vaccines, and scientific
literacy [6, 13, 21, 25, 36]. A systematic review of child-
hood vaccine hesitancy among Canadian parents of pre-
schoolers found that trust and access to providers was
associated with vaccine uptake and may compensate for
challenges related to SES and family dynamics [39]. It has
also been shown that routine vaccination rates increase
among adolescents when they are directly involved in
decision making [14, 44]. Finally, an analysis of factors
associated with timely routine vaccination found that
new pandemic related barriers added additional logistical
challenges to achieving vaccine coverage [26].

Most literature on vaccine hesitancy and challenges
with childhood immunization has focused on cross-
sectional parental vaccine hesitancy. Few studies have
longitudinally explored vaccine hesitancy among Cana-
dian children and factors affecting uptake during the
COVID-19 pandemic. In particular, little is known about
the alignment between parents and children’s vaccine
attitudes and how these attitudes influence immunization
rates and evolve over time within families.

Thus our study explored pediatric vaccine hesitancy
and uptake of novel COVID-19 vaccines among a cohort
of Canadian parents and their children between January
2021 and March 2022. First, we examined the prevalence
and longitudinal changes in COVID-19 vaccine uptake
and intention among parents and children. Second, we
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investigated the alignment between parent and child self-
reported COVID-19 vaccine uptake and intentions to
understand how vaccination attitudes are shared within
families. Finally, we employed machine learning tech-
niques to identify factors associated with general vaccine
hesitancy among parents to identify possible strategies
for outreach improving childhood immunization rates.
Addressing this research gap may inform public health
strategies that consider broader family-level dynamics
rather than treating children and their parents as inde-
pendent decision makers.

Methods

Study population and data collection

The CHILD Cohort Study is a diverse prospective cohort
of 3,454 children and their parents born in four Canadian
provinces between 2008—12 [43]. Between October 2020
and May 2021, 1,458 CHILD Study households (5,377
individuals, 2,231 adults and 2,536 children) participated
in the CHILD COVID-19 Add-on Study, including sib-
lings (n=1,427) and other family members (n=103) not
previously enrolled. Detailed methodology of the CHILD
COVID-19 Add-on Study, including complete question-
naires, are available elsewhere [4]. Questionnaires were
administered online to children and their parents at
four time points: baseline (January-June 2021), follow-
up 1 (August—September, i.e. Summer 2021), follow-up
2 (October—December,i.e. Fall 2021), and follow-up 3
(January—March; i.e. Winter 2022).

Vaccine attitudes and intentions were self-reported by
children and their parents (Table S1). Vaccine attitudes
were assessed using 4 questions from the World Health
Organization Strategic Advisory Group of Experts
(SAGE) 10-item Vaccine Hesitancy Scale (VHS). [24,
37], with modified wording for the version completed by
children. Vaccine intention was assessed by asking indi-
viduals if they planned to get a COVID-19 vaccine when
they became eligible. Hesitancy toward the COVID-19
vaccine was defined as responding ‘Somewhat Unlikely;
‘Very Unlikely, or ‘I don’t know’ to the question “When
a COVID-19 vaccine becomes available, how likely is it
that you will choose to get it?! Children were required
to be age 8 or older to fill out study questionnaires
independently.

Descriptive analysis and vaccination rates

Demographic and vaccine-related variables are described
by frequencies, percentages, means, and standard
deviations. Responses of 'prefer not to answer' or 'don't
remember’ were considered missing and excluded
through listwise deletion, constituting a small proportion
of overall responses. Participants who did not respond
to skipped questionnaires were also excluded. Longi-
tudinal changes in concerns about vaccine side effects
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and vaccination intentions were visualized using alluvial
plots. In this study, "vaccinated" refers to those receiv-
ing one or more COVID-19 vaccine doses. Vaccination
rates were calculated by dividing participants reporting
at least one dose by the total respondents, employing two
approaches for the denominator: complete data (mini-
mizing non-response bias) and carry-forward (maximiz-
ing sample size); see supplement for details.

Parent-child alignment of vaccine attitudes, intention, and
uptake

Alignment of parent—child vaccination attitudes was
explored by comparing child vaccination intentions with
parent vaccination uptake in Summer 2021 (Follow-up
1), when most adults had been eligible for vaccination
for several months, whereas most children were not
yet eligible. Parents were considered vaccinated if they
reported having received at least 1 COVID-19 vaccine
dose. Children were considered hesitant toward the
COVID-19 vaccine according to their reported inten-
tions, as described above. We compared the proportion
of hesitant children with vaccinated versus unvaccinated
parents by chi-squared test, separately for mother—child
and father-child pairs.

Globe analysis and chord diagram

We performed a spearman rank correlation analysis of
child and adult participants across 1,844 variables (3,255
correlation tests) obtained from multiple sources includ-
ing the pre-pandemic data from the CHILD Cohort
Study and the Canadian Urban Environment (CANUE)
Health Research Consortium [10], and new data from
the CHILD COVID-19 Add-on Study, to explore asso-
ciations between domains (see below). Data collected
pre-pandemic included demographic and socioeconomic
data linked to postal codes, mother's mental health and
parental stress [43]. Variables were grouped into higher-
level domains representing similar concepts (e.g. men-
tal health status, childcare impacts of the pandemic,
employment status, COVID-19 exposures, etc.) (Table
S2). Vaccine-associated variables fell into 3 categories:
Vaccination status, Vaccination Beliefs and Vaccination
Side Effects. Correlations were adjusted for multiple test-
ing using the Benjamini Hochberg method. Only signifi-
cant correlations above an absolute value of 0.25 between
variables from different domains (where one variable is
vaccine-associated) are presented in a chord dendrogram
format and displayed on a globe. Detailed methodology
can be found in the Supplementary Materials.

Machine learning analyses

We used a penalized multinomial logistic regression
model to analyze longitudinal data from three question-
naires (baseline and follow-ups 1 and 2 as defined above)
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in adult participants to predict attitudes toward vaccina-
tion (level of agreement with the statement "Getting vac-
cines is a good way to protect myself from disease" on a
1-4 scale, which was dichotomized into "Strongly Agree
or Agree" or "Strongly Disagree or Disagree.") Questions
with a low response rate (<70%) and participants who
did not indicate their agreement or disagreement with
the statement above in any of the questionnaires were
excluded. All data from the third follow-up question-
naire were excluded from this analysis due to the small
number of participants who indicated their agreement

Table 1 CHILD COVID-19 add-on study population at baseline
(January-June 2021)

n (%) or mean+SD Adults Children
N=2,256 N=2,536
Age, years 440+6.2 10127
0-17)
Relationship to CHILD Study child
participant
Mother 1290 (59.6) -
Father 869 (39.0) -
Step parent 18 (0.8) -
Grandparent, aunt or uncle 35(1.6) -
Other adult household member 19 (0.8) -
CHILD Study child participant - 1342 (52.9)
Sibling - 1188 (46.8)
Step Sibling - 6(0.2)
Sex assigned at birth
Male 893 (40.0) 1315 (51.9)
Female 1323 (59.3) 1196 (47.2)
Intersex 0(0.0) 2(0.1)
Prefer not to answer 14 (0.6) 23(0.9)
Prefer to self-describe 1(0.0) 0(0.0)
Educational attainment
Bachelor's degree 890 (39.9) -
Certificate or diploma 361 (16.2) -
Graduate degree 587 (26.3) -
High school or less 166 (7.4) -
Trade, vocational or apprenticeship 138 (6.2) -
Other 89 (4.0) -
Total household income
$0-$49K 78 (3.5) -
$50-579 K 211(9.5) -
$80-599 K 220(9.9) -
$100-$149 K 539 (24.2) -
>$150K 696 (31.2) -
Prefer not to say 111 (5.0) -
Missing 376 (16.9) -
Province of residence
Alberta 360 (16.1) 413(16.3)
British Columbia 569 (25.5) 708 (27.9)
Manitoba 675 (30.3) 672 (26.5)
Ontario 472 (21.2) 603 (23.8)
Other 155 (6.9) 140 (5.5)
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or disagreement with the vaccination question in this
questionnaire. Questions were categorized into domains
(Table S2). Data were preprocessed by one-hot encod-
ing categorical values, scaling with scikit-learn's Stan-
dardScaler [30], imputing missing values as median, and
removing highly correlated variables. Recursive feature
selection was used to select optimal features. Logis-
tic regression models were built with balanced weights,
hyperparameter tuning, and fl1 macro metric evaluation
(detailed in Supplementary Materials). The final models
were trained and tested with stratified shuffle split cross-
validation (10 repetitions) on 1,177 individuals' responses
to 35 questions.

Results
Cohort description: demographic characteristics and
vaccine uptake
The mean age of adults (N=2,231), and children
(N=2,536) who participated in the CHILD COVID-19
Add-on Study was 44.0 (+6.2, range 18-86) and 10.1
(+2.7, range 0-17) years, respectively (Table 1). Partici-
pants came from diverse geographical ancestral origins,
with the most common being European (77%), North
American (9%), and Asian (9%). In the study, a high per-
cent (68%) of adults had a bachelor's degree or higher
education and most (84%) were employed during the
baseline questionnaire period (January-June 2021), with
28% classified as essential workers (e.g., healthcare, deliv-
ery worker, store worker, security, building maintenance).
At baseline (Winter 2021), 17% of adult participants
had received at least 1 dose of a COVID-19 vaccine
(Fig. 1). The proportion of adult respondents receiving 2
or more vaccine doses was 6% at baseline, increasing to
93% at follow-up 1 (Summer 2021), 96% at follow-up 2
(Fall 2021) and 98% at follow-up 3 (Winter 2022). Chil-
dren were not eligible for COVID-19 vaccination during
the baseline questionnaire. By the first follow-up (Sum-
mer 2021), vaccines were authorized for children aged
12-17 and 18% of respondents in this age group had
received at least 1 dose (Fig. 1), increasing to 21% by
the second follow-up (Fall 2021). By the third follow-up
(Winter 2022), vaccines had further been authorized for
children aged 5-11, and 87% of all child respondents had
received at least 1 dose.

General vaccine attitudes and COVID-19 vaccination plans
among parents and children

The majority of respondents agreed or strongly agreed
that in general, vaccination is important for the health
of others in their community (95% of adults and 95% of
children) and that vaccination is a good way to protect
themselves from disease (97% and 97%) at follow-up 1
(Fig. 2 a&b). A large percentage of respondents reported
that they generally follow their doctor or health care
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Fig. 1 COVID-19 vaccine uptake at each follow-up in the CHILD COVID-19 Add-on Study (January 2021 to March 2022). Self-reported vaccine uptake
among (a) parents and (b) children, as a proportion of the total number of respondents at each follow-up. Vaccination rates may be overestimated as
non-respondents were excluded at each follow-up, and respondents may be more compliant than non-respondents with respect to vaccine mandates.
An alternative approach is presented in Figure S1. Data are also reported in Table S3

provider’s vaccine recommendations (95% and 97%).
Despite this high level of confidence in the general impor-
tance of vaccines and adherence to general vaccine rec-
ommendations, a substantial proportion of participants
reported being generally concerned about the adverse
side effects of vaccines (35% and 46%). These responses
remained relatively consistent between the first (Summer
2021) and second (Fall 2021) follow-up questionnaires in
both adult and child participants (Fig. 2 c&d).

Regarding COVID-19 vaccination intentions, the
majority of child respondents at follow-up 1 (Summer
2021) reported that they were either already vaccinated
(21%) or very or somewhat likely to get vaccinated when
eligible (70%), leaving just 9% reporting they were some-
what or very unlikely to get vaccinated (Fig. 3b). No chil-
dren were undecided (“I don’t know”). At the same time
point, over 95% of adult participants had already received
1 or more doses of a COVID-19 vaccine, with the remain-
der reporting they were very/somewhat likely (0.9%),
undecided (0.9%) or very/somewhat unlikely (3.2%)
to receive a COVID-19 vaccine in the future (Fig. 3a).
Among this small unvaccinated adult population (n=85),
47% became vaccinated by follow-up 2 (Fall 2021) and
only 18 individuals remained “Very Unlikely” to become
vaccinated by the final follow-up (Winter 2022).

Of the relatively few adults (n=85, 4%) and children
(n=70, 9%) who expressed hesitancy toward the COVID-
19 vaccine at follow-up 1 (Summer 2021) (Fig. 3 a&b),
the majority (59%) of reasons provided for not intend-
ing to be vaccinated were related to participants' safety
concerns regarding the COVID-19 vaccine (Figure S2).
Other reasons provided were that they “did not believe in
vaccination” (4% of adults, 3% of children), “did not con-
sider it necessary” (41%, 25%), “already had COVID-19”
(12%, 12%), “have a pre-existing medical condition” (16%,
0%) and “have not yet decided” (16%, 8%).

Alignment of parent and child COVID-19 vaccination
uptake and attitudes

We observed a high level of agreement between chil-
dren and their parents regarding their COVID-19 vac-
cine intentions and uptake during the summer of 2021
(95% agreement with mothers, 96% agreement with
fathers) (Fig. 3 c&d). Notably at this time, most adults
had already been eligible for vaccination for several
months, but most children were not yet eligible. COVID-
19 vaccine hesitancy was 48% (n=33/69) among chil-
dren whose mothers were unvaccinated, compared to
just 5% (n=41/754) among those with vaccinated moth-
ers (p<0.0001). A clear relationship was also observed
when considering fathers’ vaccination status, with 24%
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Fig. 2 General vaccination attitudes of adults and children in the CHILD COVID-19 Add-on Study. Attitudes of (a) adults (n=2,231) and (b) children
(n=2,536) at the second follow-up questionnaire (fall 2021), and temporal changes in (c) parent (n=1,523) and (d) child (n=850) concerns about vaccine
side effects from summer to fall of 2021

hesitancy (1 =27/109) reported among children of unvac-
cinated fathers compared to 5% (n=25/533) among those
with vaccinated fathers (p<0.001). When considering
both parents' vaccination status in combination (Fig. 3e),
children with two unvaccinated parents (a notably small

group) had the highest rates of hesitancy at 52% (16/31).
Notably among families where parents’ had discordant
vaccination statuses (n=94 families), it was more com-
mon for the mother to be the vaccinated parent (n="78)
than the father (z=16 families). Overall, these results
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Fig. 3 Longitudinal changes (a & b) and parent—child alignment (c-e) of COVID-19 vaccination plans from Summer 2021 to Winter 2022 among parents
and children in the CHILD COVID-19 Add-on study. Responses of parents (a) and children (b) to the question: “When a COVID-19 vaccine becomes avail-
able, how likely is it that you will choose to get it?" Relationship between mother’s (c), father’s (d) or both parents’ (e) vaccination status and child vac-
cination intention, reported at Follow-Up 1 (Summer 2021, when adults had been eligible for vaccination for several months, but children were not yet
eligible). Children with only 1 parent response (n=261) were excluded from the ‘both parent’analysis. Number of responses are indicated on the y-axis
and percent of respondents per response type are indicated inside stacked barplots

indicate that intention to receive the COVID-19 vaccine
was frequently shared among children and their parents,
with strongest parent—child alignment observed when
both parents were either vaccinated or unvaccinated.

Globe analysis of vaccine-associated variables in children
and adults

In an inter-domain correlation analysis of variables (globe
analysis) of pre-COVID data from the CHILD Cohort
and vaccine-related data from the CHILD COVID Add-
on Study, we found that parents who believed in vac-
cinating themselves or their child for the benefit of the
community also tended to believe that vaccines protect
from disease (r=0.764 self, r=0.804 child), and follow
doctor's vaccine recommendations (r=0.543 for self and
r=0.594 for child) (Fig. 4). Parents who said they would
vaccinate their child when eligible also believed in the
benefits of vaccination for their community (r=0.717)

and child’s health (r=0.635), and planned to follow their
doctor's vaccine recommendations (r=0.504). Children
who had received a flu vaccine had parents who were
less concerned about COVID-19 vaccine side effects
(r=-0.266).

Parents who lacked confidence in the safety of COVID-
19 vaccines were also concerned about vaccine side
effects (r=0.759) and were waiting for the safety to be
confirmed (r=0.557), and/or did not believe that vac-
cines are necessary (r=0.521). Parents' reasons for their
child not being vaccinated correlated with their reasons
for themselves not being vaccinated, including concerns
about risks and side effects (r=0.474), disbelief in vac-
cination (r=0.816), or having already had COVID-19
(r=0.908). A full correlation matrix of all significant rela-
tionships can be found in Supplementary File 2.
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Fig. 4 Cord dendrogram highlighting 333 statistically significant correlations between vaccine-associated variables and other variables collected at
baseline (Winter 2021, QNR1), follow-up questionnaire 1 (Summer 2021, QNR2) and pre-pandemic CHILD variables. Variables are grouped into higher
level domains representing similar concepts (see Table S2). Domains ending in "self-r" distinguish questions answered by adults or children directly
while domains ending in "parental-r" are for questions answered by parents on behalf of the child. Correlations were adjusted for multiple testing using
Benjamini Hochberg method. Significant correlations above absolute value 0.25 with p <0.05 are included in this figure. Only those correlations between

variables from different domains where one variable is vaccine-associated are shown. Red lines indicate a positive correlation coefficient. Blue lines indi-
cate a negative correlation coefficient. Thinnest line = >=[0.25

, medium lines >=0.5| and thick lines >=[0.75|

Machine learning model of adult vaccination skepticism
To better understand the factors that are strongly asso-
ciated with general vaccine hesitancy, we used a penal-
ized multinomial logistic regression model to predict
agreement with the statement "getting vaccinated is a
good way to protect myself from disease" using data
from the adults' baseline survey and first two follow-up
questionnaires (Fig. 5). Factors that were associated with
agreement (i.e. vaccine acceptance) included (Fig. 5a):

following doctor’s vaccine recommendations, adherence

to COVID-19 safety practices (e.g. avoiding crowded
places and practicing physical distancing), having a job
that leads to increased risk of contracting COVID-19/

working in a facility that treats COVID-19 patients, and
feeling lonely. Factors that predicted disagreement (i.e.
vaccine hesitancy) included: adverse feelings about vac-

cines in general, having been diagnosed with COVID-19,

Page 8 of 14
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a. Significant predictors of vaccine acceptance in machine learning models

Follow doctor vaccine recommendations

Avoided crowded places

Amount of tiredness felt in past 2wks

Single family detached house

Muscle or body aches

Family therapy with a professional

Job with high-risk of COVID-19 infection

Change in sleep compared to pre-pandemic

Recent change in familial relationships

Working in a facility treating COVID-19
Currently staying at home or hor I

Page 9 of 14

questionnaire

W Jan-Jun 2021

e Aug-Sept 2021

_ W= Qct-Dec 2021

Dose of COVID-19 vaccine received
Person who completed survey: self/with help/someone else on behalf
Would like to wait until COVID-19 vaccine seems safe
Amount of physical distancing
Pandemic stress due to impact on child
Amount of loneliness felt in past 2wks
Amount of restlessness felt in past 2wks
Pandemic stress due to impact on economy
Previously experienced serious acne or skin issues
Working in a factory
Has been told by primary HCP to self-isolate since last questionnaire
Pandemic positive impact: more exercise
Concerned about adverse effects of vaccines
Pandemic stress due to restrictions from leaving home
Received COVID-19 test due to participation in research study
Diagnosed with COVID-19 since last survey
Has attended gathering n>10 since March 2020
Currently attending school
Coping with pandemic stress through meditation
Does not believe that COVID-19 vaccination is necessary
Has experienced increased cost for childcare
Mental health mobile app to interact with therapist
Spouse's work has not been affected

Variable

b. Highest contributing variable domains

Vaccination Beliefs
Mental Health Status
Employment Status
COVID-19 Safety Practices
Physical Health Status
Essential Workers
Socioeconomic Status
COVID-19 Symptoms
Relationships

Childcare Impacts
Vaccination Status
Academic Impacts
COVID-19 Exposure
COVID-19 Testing
Positive Changes
Questionnaire Completion
Healthcare Impact
Chronic Health Conditions

Domain

-1.0 -0.5 0.0 0.5
Coefficient Size

o
o
3
=}
-

Proportion

1.0

0.15

Fig.5 Longitudinal machine learning model identifying factors associated with vaccine acceptance among adults in the CHILD COVID-19 Add-on Study.
Penalized multinomial logistic regression model using 12 regularization, maximum 100 iterations, and Ibfgs solver (average macro f1 score of 0.95). A) Vari-
ables with absolution coefficients > 0.2 in modelling the response to the statement “Getting vaccines is a good way to protect myself from disease”by lo-
gistic regression. Bars are colored based on the questionnaires from which they are derived. Variables with coefficients > 0 are associated with agreement,
while variables with coefficients < 0 are associated with disagreement. a Proportion of significant variables (b) belonging to various domains. 26 domains
were present in the original dataset (Table S2), while 18 are represented in the model. Coefficients for each variable are given in Supplementary Data File 2
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working in a factory, attending gatherings with more than
10 people since the pandemic began, and feeling restless.

Both those who agreed and those who disagreed with
the statement that vaccines are protective experienced
stress from the pandemic, but from different sources.
Individuals who were vaccine hesitant indicated that they
experienced stress due to their inability to leave home
and the impact of the pandemic on the economy, while
those who were accepting of vaccines felt stress due to
the impact of the pandemic on their child (ren). Both
groups of individuals were willing to seek help for mental
health concerns. Vaccine hesitant individuals were more
likely to use a mental health mobile app to interact with a
therapist, while vaccine accepting individuals were more
likely to engage in family therapy with a professional.

Overall, the most important variables in the prediction
model centered around vaccination beliefs, mental health
status (including stress) and employment status (Fig. 5b).
Notably, the proportion of variables selected from each
domain for the model was not related to the proportion
of variables in each domain in the entire dataset (Table
S2), indicating that the predictive ability of each type
of variable was not influenced by its frequency in the
questionnaires.

Discussion
Our study of families in the Canadian CHILD Study
found strong parent—child alignment in COVID-19 vac-
cine intentions and vaccine uptake during a dynamic
period of the pandemic. Most parents (98%) and children
(87%) received at least one COVID-19 vaccine dose by
the end of the study period in Spring 2022. Lower uptake
among children reflects the later approval of vaccines for
this age group, but could also indicate higher hesitation
around pediatric COVID-19 vaccination. Overall, 4%
of adults and 9% of children in this study reported hesi-
tancy about receiving the COVID-19 vaccine, with safety
concerns as the primary reason. Within families, parents
and children were strongly aligned regarding COVID-19
vaccine intention and uptake, with much higher rates of
hesitancy reported among children with unvaccinated
parents. While true for all parents, this alignment was
particularly strong for mothers where we observed 48%
hesitancy among children of unvaccinated mothers com-
pared to just 5% among those with vaccinated mothers.
The high COVID-19 vaccination rates among chil-
dren in our study (87% in Spring 2022) align with other
Canadian studies performed around the same time.
For instance, a longitudinal study from Quebec in 2021
reported that 86% of parents intended to vaccinate their
children [32], while a study from Toronto in Summer
2021 found that 69% of parents with children aged over
11 years reported their children had received at least one
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dose of the vaccine, while 7% did not plan to vaccinate
their children, and 19% were undecided [22].

Although alignment between parents and children is
not unexpected, our study is novel in capturing children’s
own self-reported attitudes and intentions longitudinally
during an active vaccine rollout. Children’s perspectives
are rarely included in family studies, which typically rely
only on parent report, and vaccine attitudes are seldom
examined for newly introduced vaccines. Study designs
that use questionnaires reported by only one party create
falsely high concordance rates. We mitigated this risk by
separately asking parents and children to self-report their
intentions. However the strong concordance between
parent and child vaccine intentions aligns with estab-
lished theories of social learning, family systems, and
health socialization, all of which predict close similarities
in parent—child health beliefs and behaviors. Consistent
with these frameworks and our findings, prior research
also shows substantial parent—child alignment across
health domains such as diet and physical activity [16].
However, no prior studies to our knowledge have evalu-
ated parent—child concordance of vaccine uptake and
self-reported vaccine hesitancy during a global pandemic.
Our findings contribute new evidence to show that such
concordances persist even under extreme circumstances.
Further research is warranted to understand how parents
and children’s vaccine decision-making influence each
other. It is also possible that children influence their par-
ents’ vaccine decision-making. In which case, strength-
ening public health education about vaccines in schools
could be beneficial in multiple ways.

Our exploratory analysis also indicate that parents’ vac-
cine decisions are shaped by broader beliefs, social net-
works and trust in institutions. Pandemics may intensify
safety concerns, misinformation exposure and polariza-
tion. Parents who believed in vaccination for protect-
ing the health of their community also believed in the
personal protection provided by vaccines and followed
doctors' vaccination recommendations. Hesitant par-
ents lacked confidence in vaccine safety, were concerned
about side effects, and did not see its necessity. Parents
who did not vaccinate their child reported similar rea-
sons for not vaccinating themselves. These results mirror
a cross-sectional national survey of Canadian parents’
perception of COVID-19 vaccination for their children
where parents’ low vaccination intention was associated
with children not recieving an influenza vaccine pre-
pandemic, parents having low COVID-19 vaccination
intention for themselves, and concerns about COVID-19
vaccine safety and use in children without prior testing
[20]. Taken together, these results suggest that parents’
vaccine hesitancy and concerns for their children are not
limited to the novelty of COVID-19 vaccines. Given that
parent—child alignment on vaccine hesitancy persisted
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in the unique context of a novel pandemic, future stud-
ies should closely examine the roles and potential
unintended consequences of vaccine mandates and mass-
media in public health messaging and organizational
strategy. Hospital-based strategies could have potential
for improving childhood immunization coverage [35].

Our longitudinal machine learning model found that
adults who were more accepting of vaccines were more
likely to follow doctor's recommendations, adhere to
COVID-19 safety practices, and work in high-risk envi-
ronments. Factors that predict adults' vaccine hesitancy
included adverse feelings about vaccines in general, hav-
ing been diagnosed with a SARS-CoV-2 infection, and
attending gatherings with more than 10 people since
the pandemic began. These results suggest that vaccine-
hesitant adults in the study represent a unique group
that may be more willing to take risks related to COVID-
19 and do not perceive the benefits of vaccination. Tai-
lored public health messaging aimed at this group, based
on their lifestyle factors, may be an effective strategy to
increase vaccination rates along with motivational inter-
viewing by health care providers [7, 9].

Our study has limitations, including potentially limited
generalizability due to the demographics of participants
(predominantly Caucasian with relatively high socioeco-
nomic status) and high attrition rates that made it chal-
lenging to accurately report vaccination rates, potentially
introducing non-response bias. It is also possible that
some vaccine hesitant participants were not captured
here due to reluctance to report their negative vacci-
nation attitudes and intentions, particularly as these
became highly divisive social issues during the COVID-
19 pandemic.

Furthermore, due to the urgency of the pandemic,
our modified SAGE 10-item Vaccine Hesitancy Scale
for children was not validated or previously tested for
age-related variations prior to its rollout and children's
age may affect their comprehension and independence
in answering questions. To minimize this concern, only
children above age 8 were given the opportunity to
independently fill out questionnaires given the literacy
skills required. We were also unable to ensure all child
responses were filled out completely independently due
to children and parents both being home during lock-
down when questionnaires were completed. There is also
potential for parental presence in the home to influence
child responses. Additionally, it is possible that other fac-
tors not directly assessed in the questionnaires affected
vaccine hesitancy (e.g. fear of needles). Limitations to
our regression modeling were the inability to include
pre-pandemic CHILD data, assumption of unidirectional
relationships, and reliance on an imbalanced dataset only
2% expressing vaccine hesitancy. Finally, correlation anal-
yses and dendrograms relied on subjective interpretation.
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Despite these limitations, this study allowed the investi-
gation of vaccine uptake and attitudes among children
and parents, using longitudinal data from a dynamic
period of the pandemic.

The implications of this research extend beyond the
COVID-19 pandemic and the Canadian context. Under-
standing how vaccine attitudes and uptake are shaped
within families provides critical insights for any immu-
nization program whether for routine childhood immu-
nization, seasonal influenza, or future vaccines for
emerging pathogens. Parent—child alignment in health
behaviors is a global phenomenon, and our data under-
score the importance of family-level dynamics in shap-
ing vaccine decisions. As vaccine hesitancy is one of the
greatest threats to global health, evidence on predic-
tors of hesitancy and family influence can guide tailored
approaches that strengthen confidence, improve uptake,
and ultimately enhance population-level protection
against infectious diseases.

Conclusion

Our study offers a unique analysis of vaccine hesitancy,
intentions and uptake among Canadian children and
their parents during the COVID-19 pandemic, which can
inform future vaccine rollouts and pandemic prepared-
ness. Overall, we found that children and their parents
shared similar beliefs about vaccines, though discordance
was observed in some families, suggesting that strength-
ening public health education for both children and par-
ents is valuable. Further research is needed to identify
how parents and children reciprocally influence each
other's vaccination intentions, and to better understand
the unique aspects of vaccine hesitancy within the con-
text of pandemics and novel vaccines.

Abbreviations

WHO World Health Organization

COVID-19  Coronavirus (SARS-CoV-2) disease 2019

CANUE Canadian Urban Environment Consortium

SAGE Strategic Advisory Group of Experts on Immunization (SAGE)

Supplementary Information
The online version contains supplementary material available at https://doi.or
g/10.1186/512889-026-27115-8.

Supplementary Material 1.
Supplementary Material 2.

Supplementary Material 3.

Acknowledgements

We are grateful to all the families who took part in this CHILD COVID-19
Add-on Study and the entire CHILD Study team, which includes studly site
coordinators, research assistants, nurses, computer and laboratory technicians,
clerical workers, research scientists, volunteers, managers, and receptionists

at the following institutions: McMaster University, University of Manitoba,
University of Alberta, SickKids, and University of British Columbia. We
acknowledge Jay Onysko (Public Health Agency of Canada) who served on


https://doi.org/10.1186/s12889-026-27115-8
https://doi.org/10.1186/s12889-026-27115-8

Medeleanu et al. BMC Public Health (2026) 26:2271

the CHILD COVID-19 Add-on Study Knowledge User Committee. We thank
the main CHILD Cohort Study participant families for their dedication and
commitment to advancing health research.

Authors’ contributions

MVM, EEG, GLW, RA, LCL,SG,RMH, DM, DMP,SB, JB,SEM,ES,
SET, TJM, PS, FESLB, MB.A. all contributed to manuscript conceptualization
and approved the final manuscript. Data analyses were performed by MV.M,,
EEG, GLW.and S.G. with supervision and guidance of FS.L.B.and M.B.A. The
first draft of the manuscript was written by M.V.M. and M.B.A. with all authors
reviewing, editing and approving the manuscript.

Funding

This work was supported by funding from the Canadian Institutes of Health
Research and the Canadian COVID-19 Immunity Task Force [VR5-172658]

and Research Manitoba [4494]. Core funding for the CHILD Cohort Study

was provided by the Canadian Institutes of Health Research [CIHR; AEC-
85761, PJT-148484, FDN-159935, and EC1-144621], the Allergy, Genes and
Environment Network of Centres of Excellence (AllerGen NCE) [12CHILD],

BC Children’s Hospital Foundation, Don & Debbie Morrison, and Genome
Canada/Genome BC [274CHI]. This research was supported, in part, by the
Canada Research Chairs program: MBA holds a Tier 2 Canada Research Chair
in the Developmental Origins of Health and Disease; SET holds a Tier 1 Canada
Research Chair in Pediatric Precision Health; PS holds Tier 1 Canada Research
Chair in Pediatric Asthma & Lung Health. FSLB is an SFU Distinguished
Professor. MVM has received doctoral support from Canadian Institutes of
Health Research, Canadian Lung Association and the SickKids Foundation.
The funding agencies had no role in the design and conduct of the study;
collection, management, analysis, and interpretation of the data; preparation,
review, or approval of the manuscript; and decision to submit the manuscript
for publication. In alignment with the call from the Canadian Chief Science
Advisors, this COVID-19 related publication will be open access.

Data availability

Existing CHILD researchers and CHILD COVID-19 Knowledge Users will be
given rapid access to study data on request. New researchers interested in
developing or collaborating on a project using CHILD data are encouraged to
contact the Study’s National Coordinating Centre for a formal request. Data
request and access details are outlined on the CHILD website: https://childstu
dy.ca/for-researchers/study-data/

Declarations

Ethics approval and consent to participate

All relevant ethical guidelines have been followed, and any necessary

IRB and/or ethics committee approvals have been obtained. This study
received approval for the research described by the Ethics committee/

IRB of the University of British Columbia (H20-02324), University of Alberta
(Pro00102524), University of Manitoba (HS24250), The Hospital for Sick
Children (1000071220) and McMaster University (1108). Freely given informed
consent to participate was obtained from all participants in this study
including the use for scientific publication.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details

'Department of Physiology, University of Toronto, Toronto, Canada
“Translational Medicine Program, Hospital for Sick Children, Toronto,
Canada

3Department of Molecular Biology and Biochemistry, Simon Fraser
University, Vancouver, Canada

“Faculty of Medicine & Dentistry, University of Manitoba, Winnipeg,
Canada

5Children’s Hospital Research Institute of Manitoba, Winnipeg, Canada
SVancouver Island University, Vancouver, Canada

7University of Alberta, Edmonton, Canada

Page 12 of 14

SFaculty of Nursing, University of Calgary and Calgary School of Medicine,
Calgary, Canada

9School of Population and Public Health, University of British Columbia,
Vancouver, Canada

1%British Colombia Centre for Disease Control, Vancouver, Canada
""Dalla Lana School of Public Health, University of Toronto, Toronto,
Canada

12Department of Pediatrics and Child Health, University of Manitoba,
Winnipeg, Canada

BDepartment of Pediatrics, British Columbia Children’s Hospital,
University of British Columbia, Vancouver, Canada

Received: 16 March 2025 / Accepted: 18 March 2026
Published online: 26 May 2026

References

1. Abenova M, Shaltynov A, Jamedinova U, Semenova Y. Worldwide child
routine vaccination hesitancy rate among parents of children aged 0-6 years:
a systematic review and meta-analysis of cross-sectional studies. Vaccines.
2023;12(1):31. https://doi.org/10.3390/vaccines12010031.

2. AfIfiTO, Salmon S, Taillieu T, et al. Older adolescents and young adults willing-
ness to receive the COVID-19 vaccine: Implications for informing public
health strategies. Vaccine. 2021,39(23):3473-9. https://doi.org/10.1016/j.vacci
ne.2021.04.087.

3. Aung KT, Htun YM, Htet ZL, Soe YNM, Ko PK, Oo W, et al. Parental
hesitancy on COVID-19 vaccination of children under the age of 16:a
cross-sectional mixed-methods study among factory workers. PLoS ONE.
2025;20(6):0327056. https://doi.org/10.1371/journal.pone.0327056.

4. AzeezR, etal. Investigating SARS-CoV-2 infection and the health and psy-
chosocial impact of the COVID-19 pandemic in the Canadian CHILD Cohort.
Epidemiol Health. 2023:e2023091. https://doi.org/10.4178/epih.e2023091.
Epub ahead of print. PMID: 37857338,

5. BerthaudV, Creech CB, Rostad CA, Carr Q de Leon L, Dietrich M, Gupta
A, Javita D, Nachman S, Pinninti S, Rathore M, Rodriguez CA, Luzuriaga K,
Towner W, Yeakey A, Brown M, Zhao X, Deng W, Xu W, Zhou H, Girard B, Kelly
R, Slobod K, Anderson EJ, Das R, Miller J, Schnyder Ghamloush S. Safety and
Immunogenicity of an mRNA-1273 Booster in Children. Clin Infect Dis. 2024
Dec 17,79(6):1524-32. https://doi.org/10.1093/cid/ciae420.

6. Bocquier A,Ward J, Raude J, Peretti-Watel P, Verger P. Socioeconomic differ-
ences in childhood vaccination in developed countries: a systematic review
of quantitative studies. Expert Rev Vaccines. 2017;16(11):1107-18. https://doi.
0rg/10.1080/14760584.2017.1381020.

7. Boness CL, Nelson M, Douaihy AB. Motivational interviewing strate-
gies for addressing COVID-19 vaccine hesitancy. J Am Board Fam Med.
2022;35(2):420-6. https://doi.org/10.3122/jabfm.2022.02.210327.

8. Brandt EJ, Rosenberg J, Waselewski ME, et al. National study of youth
opinions on vaccination for COVID-19 in the U.S. J Adolescent Health. 2021;
68(5):869-872. https://doi.org/10.1016/jjadohealth.2021.02.009.

9. Breckenridge LA, Burns D, Nye C. The use of motivational interviewing to
overcome COVID-19 vaccine hesitancy in primary care settings. Public Health
Nurs. 2022;39(3):618-23. https://doi.org/10.1111/phn.13003.

10.  Brook JR, Setton EM, Seed E, Shooshtari M, Doiron D, CANUE - The Canadian
Urban Environmental Health Research Consortium. The Canadian urban envi-
ronmental health research consortium - a protocol for building a national
environmental exposure data platform for integrated analyses of urban form
and health. BMC Public Health. 2018;18(1):114. https://doi.org/10.1186/51288
9-017-5001-5.

11.  Canadian Pediatric Society, Infectious Disease and Immunization Committee.
COVID-19 vaccine for children and adolescents. Position Statement. 2023. htt
ps://cps.ca/en/documents/position/covid-19-vaccine-for-children-and-adole
scents.

12. Cagnotta G, Lettera N, Cardillo M, Pirozzi D, Cataldn-Matamoros D, Capuano
A, et al. Parental vaccine hesitancy: recent evidences support the need
to implement targeted communication strategies. J Infect Public Health.
2025;18(2):102648. https://doi.org/10.1016/}jiph.2024.102648.

13. DubéE, Laberge C, Guay M, Bramadat P, Roy R, Bettinger JA. Vaccine hesi-
tancy: an overview. Hum Vaccin Immunother. 2013;9(8):1763-73. https://doi.
org/104161/hv.24657.

14.  Dorell C, Yankey D, Kennedy A, Stokley S. Factors that influence parental vac-
cination decisions for adolescents, 13 to 17 years old: national immunization


https://childstudy.ca/for-researchers/study-data/
https://childstudy.ca/for-researchers/study-data/
https://doi.org/10.3390/vaccines12010031
https://doi.org/10.1016/j.vaccine.2021.04.087
https://doi.org/10.1016/j.vaccine.2021.04.087
https://doi.org/10.1371/journal.pone.0327056
https://doi.org/10.4178/epih.e2023091
https://doi.org/10.1093/cid/ciae420
https://doi.org/10.1080/14760584.2017.1381020
https://doi.org/10.1080/14760584.2017.1381020
https://doi.org/10.3122/jabfm.2022.02.210327
https://doi.org/10.1016/j.jadohealth.2021.02.009
https://doi.org/10.1111/phn.13003
https://doi.org/10.1186/s12889-017-5001-5
https://doi.org/10.1186/s12889-017-5001-5
https://cps.ca/en/documents/position/covid-19-vaccine-for-children-and-adolescents
https://cps.ca/en/documents/position/covid-19-vaccine-for-children-and-adolescents
https://cps.ca/en/documents/position/covid-19-vaccine-for-children-and-adolescents
https://doi.org/10.1016/j.jiph.2024.102648
https://doi.org/10.4161/hv.24657
https://doi.org/10.4161/hv.24657

Medeleanu et al. BMC Public Health

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

(2026) 26:2271

survey-teen. Clin Pediatr. 2013;52(2):162—70. https://doi.org/10.1177/0009922
812465670.

Doshi AS, Naz-McLean S, Balasa R, Philbin MM, Doan T, Oldenburg CE, et al.
From trust to skepticism: longitudinal qualitative insights on uncertainties in
COVID-19 vaccine messaging among trial-engaged participants across the
United States. Behav Med. 2026;52(1):50-64. https://doi.org/10.1080/0896428
9.2025.2535316.

Fleary SA, Joseph PL. Health literacy and health behaviors in parent-ado-
lescent dyads: an actor-partner interdependence model approach. Psychol
Health. 2024;39(6):803-22. https://doi.org/10.1080/08870446.2022.2117809.
GBD 2023 Vaccine Coverage Collaborators. Global, regional, and national
trends in routine childhood vaccination coverage from 1980 to 2023 with
forecasts to 2030: a systematic analysis for the Global Burden of Disease
Study 2023. Lancet. 2025;406(10500):235-60. https://doi.org/10.1016/5014
0-6736(25)01037-2.

Government of Canada. Government of Canada invests in community-based
projects to support COVID-19 vaccine uptake [Press release]. Health Canada.
2022. https://www.canada.ca/en/public-health/news/2022/01/governmen
t-of-canada-invests-in-community-based-projects-to-support-covid-19-vacci
ne-uptake.html.

Hamel L, Lopes L, Kearney A, Stokes M, Kirzinger A, Sparks G, et al. KFF COVID-
19 vaccine monitor: Winter 2021 update on parents'views of vaccines for kids
[Internet]. Kaiser Family Foundation, San Francisco (CA). 2021. Retrieved from
https://www.kff.org/coronavirus-covid-19/poll-finding/kff-covid-19-vaccin
e-monitor-winter-2021-update-on-parents-views-of-vaccines/

Humble RM, Sell H, Wilson S, Sadarangani M, Bettinger JA, Meyer SB, et al.
Parents’ perceptions on COVID-19 vaccination as the new routine for their
children < 11 years old. Prev Med. 2022;161:107125. https://doi.org/10.1016/j.
ypmed.2022.107125.

Humble RM, Scott SD, Dubé E, Olson J, MacDonald SE. The impact of the
COVID-19 pandemic on parents’ perceptions and acceptance of routine
childhood vaccination in Canada: a national longitudinal study. Vaccine.
2023;41(2):407-15. https://doi.org/10.1016/j.vaccine.2022.11.052.

IPSOS and Toronto Public Health. IPSOS and Toronto Public Health COVID-19
Vaccine Survey — Wave 2. 2021. Available from: https.//www.toronto.ca/wp-c
ontent/uploads/2021/09/9660-TPH-Vaccine-SurveyWave-2-Results-Aug-2021
Final.pdf.

Ji C, Piché-Renaud PP, Apajee J, Stephenson E, Forte M, Friedman JN, et al.
Impact of the COVID-19 pandemic on routine immunization coverage in
children under 2 years old in Ontario, Canada: a retrospective cohort study.
Vaccine. 2022;40(12):1790-8. https://doi.org/10.1016/j.vaccine.2022.02.008.
Larson HJ, Jarrett C, Schulz WS, Chaudhuri M, Zhou Y, Dube E, et al. Measuring
vaccine hesitancy: the development of a survey tool. Vaccine. 2015,33:4165-
75. https//doi.org/10.1016/j.vaccine.2015.04.037.

MacDonald SE, Schopflocher DP, Vaudry W. Parental concern about vaccine
safety in Canadian children partially immunized at age 2: a multivari-

able model including system level factors. Hum Vaccin Immunother.
2014;10(9):2603-11. https://doi.org/10.4161/21645515.2014.970075.

MacKay H, Gretton JD, Chyderiotis S, Elliott S, Howarth A, Guo C, et al.
Confidence and barriers: Analysis of factors associated with timely routine
childhood vaccination in Canada during the COVID-19 pandemic. Vaccine.
2024;42(24):126236. https://doi.org/10.1016/j.vaccine.2024.126236.

Mahase E. Vaccine preventable diseases are making “dangerous comeback,”
health leaders warn. BMJ (Clinical research ed). 2025;389:r823. https://doi.org/
10.1136/bmj.r823.

Nartey K, Reifferscheid L, Kiely M, MacDonald SE, Canadian Immunization
Research Network Catch-Up of Routine School-Based Immunizations Since
the COVID-19 Pandemic: 4-Year Observational Cohort Stud. JMIR Public
Health Surveill. 2025; 11 €79669. 10.2196/79669

Naureckas Li C, Kaplan SL, Edwards KM, Marshall GS, Parker S, Mary Healy C.
What's old is new again: measles. Pediatrics. 2025;155(6):22025071332. https:/
/doi.org/10.1542/peds.2025-071332.

Pedregosa F, Varoquaux G, Gramfort A, Michel V, Thirion B, Grisel O, Mathieu
B, Prettenhofer P, Weiss R, Dubourg V, Vanderplas J, Passos A, Cournapeau D,
Brucher M, Perrot M, Duchesnay E. 2011; 12(85):2825-2830. https://jmlr.csail.
mit.edu/papers/volume12/pedregosalla/pedregosalla.pdf.

Public Health Agency of Canada. Vaccination coverage in Canadian children:
Results from the 2019 childhood National Immunization Coverage Survey
(cNICS). 2020. https://www.canada.ca/en/public-health/services/publications
/vaccines-immunization/2019-childhood-national-immunization-coverage-s
urvey-results.html.

32

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

Page 13 of 14

Public Health Agency of Canada. Evergreen rapid review on COVID-19 vac-
cine attitudes and uptake in Canada: update 11.2021. https://www.canada.c
a/content/dam/phac-aspc/documents/services/diseases/2019-novel-corona
virusinfection/canadas-reponse/summaries-recent-evidence/evergreen-rapi
d-review-vaccine-attitudes-uptake-update-11/evergreen-rapid-reviewvaccin
e-attitudes-uptake-update-11.pdf.

Public Health Agency of Canada. Childhood Seasonable Immunization
Coverage Surgery (CSICS) 2024 Results. 2025. https://www.canada.ca/en/pu
blic-health/services/immunization-vaccines/vaccination-coverage/childhoo
d-seasonal-immunization-coverage-survey-2024-results.html.

Public Health Agency of Canada. Guidance on the Use of COVID-19 Vaccines
for 2025 to Summer 2026. 2025. https://www.canada.ca/en/public-health/servi
ces/publications/vaccines-immunization/national-advisory-committee-immun
ization-statement-guidance-covid-19-vaccines-2025-summer-2026.html.
Reifferscheid L, Kiely MS, Lin MSN, Libon J, Kennedy M, MacDonald SE. Effec-
tiveness of hospital-based strategies for improving childhood immunization
coverage: A systematic review. Vaccine. 2023;41(36):5233-44. https://doi.org/
10.1016/j.vaccine.2023.07.036. (Epub 2023 Jul 26 PMID: 37500415).

SAGE Working Group. Report of the SAGE Working Group on vaccine hesi-
tancy. World Health Organization. 2014. https://www.who.int/immunization/
sage/meetings/2014/october/SAGE_working_group_revised_report_vaccin
e_hesitancy.pdf.

SAGE Working Group. Highlights from the Meeting of the Strategic Advisory
Group of Experts on Immunization. World Health Organization. 2023. https://
cdn.who.int/media/docs/default-source/immunization/sage/2023/march-20
23/sage_march_2023_meeting_highlights.pdf?sfvrsn=a8e5be9_4.
Santibanez TA, Black CL, Zhou T, Srivastav A, Singleton JA. Parental hesitancy
about COVID-19, influenza, HPV, and other childhood vaccines. Vaccine.
2024;42(25):126139. https://doi.org/10.1016/j.vaccine.2024.07.040.
Schellenberg N, Crizzle AM. Vaccine hesitancy among parents of pre-
schoolers in Canada: a systematic literature review. Can J Public Health.
2020;111(4):562-84. https://doi.org/10.17269/541997-020-00390-7.

Scheifele DW, Halperin SA, Bettinger JA. Childhood immunization rates in
Canada are too low: UNICEF. Paediatr Child Health. 2014;19(5):237-8. https://
doi.org/10.1093/pch/19.5.237 PMID:24855424;PMCID:PMC4029243.

Shattock AJ, Johnson HC, Sim SY, Carter A, Lambach P, Hutubessy RCW,
Thompson KM, Badizadegan K, Lambert B, Ferrari MJ, Jit M, Fu H, Silal SP,
Hounsell RA, White RG, Mosser JF, Gaythorpe KAM, Trotter CL, Lindstrand A,
O'Brien KL, ... Bar-Zeev N. Contribution of vaccination to improved survival
and health: modelling 50 years of the Expanded Programme on Immuniza-
tion. 2024; Lancet (London, England). 403(10441):2307-2316. https://doi.or
9/10.1016/50140-6736(24)00850-X

Smith LE, Amlot R, Weinman J, Yiend J, Rubin GJ. A systematic review

of factors affecting vaccine uptake in young children. Vaccine.
2017;35(45):6059-69.

Subbarao P, et al. The Canadian Healthy Infant Longitudinal Development
(CHILD) Study: examining developmental origins of allergy and asthma. Thorax.
2015;70(10):998-1000. https://doi.org/10.1136/thoraxjnl-2015-207246.
Stupiansky NW, Ott MA, et al. Parent-son decision-making about human
papillomavirus vaccination: A qualitative analysis. BMC Pediatr. 2012;12:192.
https://doi.org/10.1186/1471-2431-12-192.

Szilagyi PG, Shah MD, Delgado JR, Thomas K, Vizueta N, Cui Y, et al. Parents'
intentions and perceptions about COVID-19 vaccination for their children:
results from a national survey. Pediatrics. 2021;148(4):¢202105.

Scherer AM, Gedlinske AM, Parker AM, et al. Acceptability of adolescent
COVID-19 vaccination among adolescents and parents of adolescents —
United States, April 15-23,2021. MMWR Morbidity Mortality Weekly Report.
2021;70(28):997-1003. https://doi.org/10.15585/mmwrmm7028e2.

Ullah I, Khan KS, Tahir MJ, Ahmed A, Harapan H. Myths and conspiracy theo-
ries on vaccines and COVID-19: potential effect on global vaccine refusals.
Vacunas. 2021;22(2):93-7. https://doi.org/10.1016/j.vacun.2021.01.001.
Understanding the behavioural and social drivers of vaccine uptake WHO
position paper. 2022. https://www.who.int/publications/i/item/who-wer972
0-209-224.

Velavan TP, Pollard AJ, Kremsner PG. Herd immunity and vaccination of
children for COVID-19. Int J Infect Dis. 2020;98:14. https://doi.org/10.1016/j.ji
d.2020.06.046.

World Health Organization. Herd immunity, lockdowns and COVID-19. 2020;
Retrieved March 6, 2023, from https.//www.who.int/news-room/questions-a
nd-answers/item/herd-immunity-lockdowns-and-covid-19.


https://doi.org/10.1177/0009922812465670
https://doi.org/10.1177/0009922812465670
https://doi.org/10.1080/08964289.2025.2535316
https://doi.org/10.1080/08964289.2025.2535316
https://doi.org/10.1080/08870446.2022.2117809
https://doi.org/10.1016/S0140-6736(25)01037-2
https://doi.org/10.1016/S0140-6736(25)01037-2
https://www.canada.ca/en/public-health/news/2022/01/government-of-canada-invests-in-community-based-projects-to-support-covid-19-vaccine-uptake.html
https://www.canada.ca/en/public-health/news/2022/01/government-of-canada-invests-in-community-based-projects-to-support-covid-19-vaccine-uptake.html
https://www.canada.ca/en/public-health/news/2022/01/government-of-canada-invests-in-community-based-projects-to-support-covid-19-vaccine-uptake.html
https://www.kff.org/coronavirus-covid-19/poll-finding/kff-covid-19-vaccine-monitor-winter-2021-update-on-parents-views-of-vaccines/
https://www.kff.org/coronavirus-covid-19/poll-finding/kff-covid-19-vaccine-monitor-winter-2021-update-on-parents-views-of-vaccines/
https://www.kff.org/coronavirus-covid-19/poll-finding/kff-covid-19-vaccine-monitor-winter-2021-update-on-parents-views-of-vaccines/
https://doi.org/10.1016/j.ypmed.2022.107125
https://doi.org/10.1016/j.ypmed.2022.107125
https://doi.org/10.1016/j.vaccine.2022.11.052
https://www.toronto.ca/wp-content/uploads/2021/09/9660-TPH-Vaccine-SurveyWave-2-Results-Aug-2021Final.pdf
https://www.toronto.ca/wp-content/uploads/2021/09/9660-TPH-Vaccine-SurveyWave-2-Results-Aug-2021Final.pdf
https://www.toronto.ca/wp-content/uploads/2021/09/9660-TPH-Vaccine-SurveyWave-2-Results-Aug-2021Final.pdf
https://doi.org/10.1016/j.vaccine.2022.02.008
https://doi.org/10.1016/j.vaccine.2015.04.037
https://doi.org/10.4161/21645515.2014.970075
https://doi.org/10.1016/j.vaccine.2024.126236
https://doi.org/10.1136/bmj.r823
https://doi.org/10.1136/bmj.r823
https://doi.org/10.1542/peds.2025-071332
https://doi.org/10.1542/peds.2025-071332
https://jmlr.csail.mit.edu/papers/volume12/pedregosa11a/pedregosa11a.pdf
https://jmlr.csail.mit.edu/papers/volume12/pedregosa11a/pedregosa11a.pdf
https://www.canada.ca/en/public-health/services/publications/vaccines-immunization/2019-childhood-national-immunization-coverage-survey-results.html
https://www.canada.ca/en/public-health/services/publications/vaccines-immunization/2019-childhood-national-immunization-coverage-survey-results.html
https://www.canada.ca/en/public-health/services/publications/vaccines-immunization/2019-childhood-national-immunization-coverage-survey-results.html
https://www.canada.ca/content/dam/phac-aspc/documents/services/diseases/2019-novel-coronavirusinfection/canadas-reponse/summaries-recent-evidence/evergreen-rapid-review-vaccine-attitudes-uptake-update-11/evergreen-rapid-reviewvaccine-attitudes-uptake-update-11.pdf
https://www.canada.ca/content/dam/phac-aspc/documents/services/diseases/2019-novel-coronavirusinfection/canadas-reponse/summaries-recent-evidence/evergreen-rapid-review-vaccine-attitudes-uptake-update-11/evergreen-rapid-reviewvaccine-attitudes-uptake-update-11.pdf
https://www.canada.ca/content/dam/phac-aspc/documents/services/diseases/2019-novel-coronavirusinfection/canadas-reponse/summaries-recent-evidence/evergreen-rapid-review-vaccine-attitudes-uptake-update-11/evergreen-rapid-reviewvaccine-attitudes-uptake-update-11.pdf
https://www.canada.ca/content/dam/phac-aspc/documents/services/diseases/2019-novel-coronavirusinfection/canadas-reponse/summaries-recent-evidence/evergreen-rapid-review-vaccine-attitudes-uptake-update-11/evergreen-rapid-reviewvaccine-attitudes-uptake-update-11.pdf
https://www.canada.ca/content/dam/phac-aspc/documents/services/diseases/2019-novel-coronavirusinfection/canadas-reponse/summaries-recent-evidence/evergreen-rapid-review-vaccine-attitudes-uptake-update-11/evergreen-rapid-reviewvaccine-attitudes-uptake-update-11.pdf
https://www.canada.ca/en/public-health/services/immunization-vaccines/vaccination-coverage/childhood-seasonal-immunization-coverage-survey-2024-results.html
https://www.canada.ca/en/public-health/services/immunization-vaccines/vaccination-coverage/childhood-seasonal-immunization-coverage-survey-2024-results.html
https://www.canada.ca/en/public-health/services/immunization-vaccines/vaccination-coverage/childhood-seasonal-immunization-coverage-survey-2024-results.html
https://www.canada.ca/en/public-health/services/publications/vaccines-immunization/national-advisory-committee-immunization-statement-guidance-covid-19-vaccines-2025-summer-2026.html
https://www.canada.ca/en/public-health/services/publications/vaccines-immunization/national-advisory-committee-immunization-statement-guidance-covid-19-vaccines-2025-summer-2026.html
https://www.canada.ca/en/public-health/services/publications/vaccines-immunization/national-advisory-committee-immunization-statement-guidance-covid-19-vaccines-2025-summer-2026.html
https://doi.org/10.1016/j.vaccine.2023.07.036
https://doi.org/10.1016/j.vaccine.2023.07.036
https://www.who.int/immunization/sage/meetings/2014/october/SAGE_working_group_revised_report_vaccine_hesitancy.pdf
https://www.who.int/immunization/sage/meetings/2014/october/SAGE_working_group_revised_report_vaccine_hesitancy.pdf
https://www.who.int/immunization/sage/meetings/2014/october/SAGE_working_group_revised_report_vaccine_hesitancy.pdf
https://cdn.who.int/media/docs/default-source/immunization/sage/2023/march-2023/sage_march_2023_meeting_highlights.pdf?sfvrsn=a8e5be9_4
https://cdn.who.int/media/docs/default-source/immunization/sage/2023/march-2023/sage_march_2023_meeting_highlights.pdf?sfvrsn=a8e5be9_4
https://cdn.who.int/media/docs/default-source/immunization/sage/2023/march-2023/sage_march_2023_meeting_highlights.pdf?sfvrsn=a8e5be9_4
https://doi.org/10.1016/j.vaccine.2024.07.040
https://doi.org/10.17269/s41997-020-00390-7
https://doi.org/10.1093/pch/19.5.237.PMID:24855424;PMCID:PMC4029243
https://doi.org/10.1093/pch/19.5.237.PMID:24855424;PMCID:PMC4029243
https://doi.org/10.1016/S0140-6736(24)00850-X
https://doi.org/10.1016/S0140-6736(24)00850-X
https://doi.org/10.1136/thoraxjnl-2015-207246
https://doi.org/10.1186/1471-2431-12-192
https://doi.org/10.15585/mmwr.mm7028e2
https://doi.org/10.1016/j.vacun.2021.01.001
https://www.who.int/publications/i/item/who-wer9720-209-224
https://www.who.int/publications/i/item/who-wer9720-209-224
https://doi.org/10.1016/j.ijid.2020.06.046
https://doi.org/10.1016/j.ijid.2020.06.046
https://www.who.int/news-room/questions-and-answers/item/herd-immunity-lockdowns-and-covid-19
https://www.who.int/news-room/questions-and-answers/item/herd-immunity-lockdowns-and-covid-19

Medeleanu et al. BMC Public Health (2026) 26:2271

52.

53.

Zimet GD, Silverman RD, Fortenberry JD. Coronavirus disease 2019 and

vaccination of children and adolescents: prospects and challenges. J Pediatr.

2021;231:254-8. https://doi.org/10.1016/}jpeds.2020.12.003.

Zheng Y, Frew PM, Wang D, Eiden AL. Factors associated with parental
literacy and hesitancy toward pediatric vaccination. BMC Public Health.
2025;25(1):2201. https://doi.org/10.1186/512889-025-23410-y.
Zhu'Y,Beam M, Ming Y, Egbert N, Smith TC. A social cognitive theory
approach to understanding parental attitudes and intentions to vaccinate

Page 14 of 14

children during the COVID-19 pandemic. Vaccines. 2022;10(11):1876. https://
doi.org/10.3390/vaccines10111876.

Publisher's note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


https://doi.org/10.1016/j.jpeds.2020.12.003
https://doi.org/10.1186/s12889-025-23410-y
https://doi.org/10.3390/vaccines10111876
https://doi.org/10.3390/vaccines10111876

	﻿Vaccination attitudes and intentions reported by Canadian children and their parents in the CHILD Cohort Study during the COVID-19 pandemic
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Study population and data collection
	﻿Descriptive analysis and vaccination rates
	﻿Parent–child alignment of vaccine attitudes, intention, and uptake
	﻿Globe analysis and chord diagram


	﻿Machine learning analyses
	﻿Results
	﻿Cohort description: demographic characteristics and vaccine uptake
	﻿General vaccine attitudes and COVID-19 vaccination plans among parents and children
	﻿Alignment of parent and child COVID-19 vaccination uptake and attitudes
	﻿Globe analysis of vaccine-associated variables in children and adults
	﻿Machine learning model of adult vaccination skepticism

	﻿Discussion
	﻿Conclusion
	﻿References


