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RESEARCH PAPER
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ABSTRACT
Vaccinating children against COVID-19 is critical as a public health strategy in order to reach herd 
immunity and prevent illness among children and adults. The aim of the study was to identify correlation 
between willingness to vaccinate children under 12 years old, and vaccination rate for adult population in 
Canada, the United States, and Israel. This was a secondary analysis of a cross-sectional survey study 
(COVID-19 Parental Attitude Study) of parents of children 12 years and younger presenting to 12 pediatric 
emergency departments (EDs). Parental reports of willingness to vaccinate against COVID-19 when 
vaccines for children will be approved was correlated to country-specific rate of vaccination during 
December 2020–March 2021, obtained from ourworldindata.org. Logistic regression models were fit 
with covariates for week and the corresponding vaccine rate. A total of 720 surveys were analyzed. In 
Canada, administering mostly first dose to the adult population, willingness to vaccinate children was 
trending downward (correlation = −0.28), in the United States, it was trending upwards (correlation = 0.21) 
and in Israel, initially significant increase with decline shortly thereafter (correlation = 0.06). Odds of 
willingness to vaccinate in Canada, the United States, and Israel was OR = 0.82, 95% CI = 0.63–1.07, 
OR = 1.24, 95% CI = 0.99–1.56, and OR = 1.03, 95% CI = 0.95–1.12, respectively. A robust population-based 
vaccination program as in Israel, and to a lesser degree the United States, led to increasing willingness by 
parents to vaccinate their children younger than 12 years against COVID-19. In Canada, slow rate of 
vaccination of the adult population was associated with lower willingness to vaccinate children.
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Introduction

The international response to COVID-19 included more than 
120 candidate SARS-CoV-2 vaccines and a varied worldwide 
implementation. Two messenger RNA (mRNA) vaccines 
received emergency use authorization (EUA) by the US Food 
and Drug Administration (FDA) by December 2020.1

Israel was one of the first countries to mass-vaccinate its 
citizens and between December 19, 2020 and March 14, 2021, 
the majority of eligible health-care workers were vaccinated at 
least once,2 followed by a widespread vaccination of the entire 
population of Israel,3 reaching more than 90% of the elderly 
within a couple of months, then providing free access to 

vaccination to every citizen over 16 years old.4 In the United 
States, from December 14, 2020 to March 1, 2021, over 51 
million residents received at least one dose of COVID-19 
vaccine,5 prioritizing the elderly and health-care professionals. 
In Canada, initial vaccine supply was limited, leading to prior-
itization of those receiving the vaccine,6 and a decision to delay 
second dose administration by four months from the first 
vaccine in order to vaccinate the majority of the population 
with one dose7 (Figure 1).

The aim of this study was to determine the correlation 
between a country’s rate of vaccinating the population and 
willingness of parents to vaccinate their children under 
12 years against COVID-19, once vaccines are available for 
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the pediatric population. We hypothesize that availability of 
vaccines and implementation of a mass-vaccine program 
among adults, together with witnessing safety of vaccines, 
are associated with enhanced willingness to vaccinate 
children.

Participants and methods

Sample and procedures

This cross-sectional study was part of the COVID-19 Parental 
Attitude Study (COVIPAS) of caregivers presenting for emer-
gency care for their children during the era of COVID-19. This 
subanalysis included parents that arrived to one of 12 pediatric 
emergency departments (EDs) in the United States (Denver, 
Los Angeles, Dallas, Seattle, Atlanta), Canada (Vancouver, 
Saskatoon, Edmonton, Calgary), and Israel (Zerifin, Hedera, 
Safed) with children under 12 years of age. One parent for each 
child was asked to complete an online survey while in the ED – 
either by a health care provider in the ED or in response to 
flyers in their room. Once a caregiver selected their study site 
from the online platform, consent for participation was con-
sidered completed. This study was approved by each site’s local 
Institutional Review Board (IRB).

Measures

The study-specific questionnaire was developed to include 
questions regarding demographic characteristics, information 
on symptoms leading to the ED visit, and caregiver attitudes 
about vaccinating against COVID-19. We specifically asked 
parents to respond to the following: “Vaccine/immunization 
for Coronavirus (COVID-19) will be available soon. Would 
you give it to your child?”

The objective of this substudy analysis was to determine 
caregivers’ perspectives on planned vaccination of their chil-
dren based on their country’s pace of vaccinating against 
COVID-19 (first and second dose). The survey took about 
15 minutes to complete. We have previously described the 
development and validation of the original survey.8

Country immunization data

For this study we obtained daily data on rate of vaccination 
among the population in each country between December 1, 
2020 to March 31, 2021 (total 19 weeks) from the ourworldin-
data.org website. [https://ourworldindata.org/coronavirus#cor 
onavirus-country-profiles].

Data analysis

Descriptive statistics and frequencies were used to describe 
relevant variables overall and in each country. Vaccination 
rates as well as willingness to vaccinate children by their par-
ents (survey) were calculated as a weekly average during the 
relevant study period. Response rates and vaccine rates were 
plotted over time with a LOES smoothing function and corre-
lation between time series was calculated with Pearson correla-
tion coefficients. To further assess the relationship between 
population vaccine rate and response to willingness to vacci-
nate, logistic regression models were fit with covariates for 
week and the corresponding vaccine rate. All models included 
interaction term with country to provide stratified estimates. 
Results are summarized as odds ratios for 5% increase in 
vaccine rate and with marginal predicted probabilities. A sen-
sitivity analysis using the same model but adjusting for child’s 
age, who completed the survey (mother or father) and whether 
the child had up to date vaccination was conducted.

Figure 1. Rate of vaccination with first dose and second dose in Israel, the United States, and Canada during the study period (Source: ourworldindata.org).
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We then conducted a simulated analysis of anticipated rate 
of parental willingness to vaccinate children under 12 years 
against COVID-19 if the same trend discovered in our study 
would have continued to vaccinate 100% of the adult popula-
tion against COVID-19 in each country.

All analyses were conducted using R statistical software 
version 4.0.3.

Results

Population characteristics

A total of 797 surveys were completed for children under 
12 years. We excluded 17 (2.1%) that were not completed by 
parents (mother or father) and 60 (7.5%) that had no response to 
the willingness to vaccinate question. There were 441 surveys 
(61.3%) from Canada, 112 (15.5%) from the United States and 
167 (23.2%) from Israel.

The study population from each country is presented in Table 
1. Children were 5 years old on average, and just over half were 
male. Those in United States and Canada more frequently had 
chronic illness and used medications regularly. About 90% of 
children in each country had up to date immunization. Parents 
were generally over 35 years old and were moderately concerned 
about losing work, child losing school, and COVID-19 risks. 
Parents in Israel reported higher levels of concern.

Willingness to vaccinate

Figure 2 represents the rate of vaccination in each country for 
the first dose and the second dose of COVID-19 vaccine, as 
well as the trend in willingness of parents to vaccinate their 
children in the study period. In Canada, where vaccination was 
mostly limited to first dose during the study period, willingness 
to vaccinate children under 12 was trending downward 

Figure 2. Rate of population vaccinated (one dose of COVID-19 vaccine), fully vaccinated (two dosages) and rate of willingness to vaccinate children based on current study.

Table 1. Participant characteristics by country.

Surveys (720)
Total 

population Canada Israel United States

Child
Child’s mean age in years (SD) 720 5.13 (3.71) 5.45 (3.78) 4.55 (3.45) 4.76 (3.71)
Child’s gender female 720 321 (44.6%) 201 (45.6%) 67 (40.1%) 53 (47.3%)
Child has chronic illness 720 88 (12.2%) 51 (11.6%) 8 (4.79%) 29 (25.9%)
Child uses chronic medication 720 96 (13.3%) 54 (12.2%) 10 (5.99%) 32 (28.6%)
Child’s immunizations up to date 717 644 (89.8%) 396 (89.8%) 144 (87.8%) 104 (92.9%)
Caregiver
Completed by mother 720 524 (72.8%) 334 (75.7%) 96 (57.5%) 94 (83.9%)
Caregiver’s age 703 36.9 (6.53) 38.0 (6.26) 35.6 (5.92) 34.6 (7.49)
Caregiver has higher than high school education 706 583 (82.6%) 394 (91.4%) 107 (65.6%) 82 (73.2%)
Level of concern about child having COVID-19 (Likert Scale 0–10) 660 2.59 (3.47) 1.96 (3.06) 4.66 (3.79) 2.46 (3.62)
Level of concern about caregiver having COVID-19 (Likert Scale 0–10) 652 2.29 (3.21) 1.78 (2.81) 4.04 (3.63) 2.17 (3.39)
Level of concern about losing work (Likert Scale 0–10) 640 3.21 (3.68) 3.11 (3.61) 3.87 (3.96) 2.80 (3.56)
Level of concern about child losing school (Likert Scale 0–10) 639 2.92 (3.66) 2.50 (3.28) 4.43 (4.19) 2.69 (3.87)
Caregiver believe in social distancing as a good public health measure 672 616 (91.7%) 386 (92.1%) 130 (90.3%) 100 (91.7%)
Caregiver had lost income due to COVID-19 668 265 (39.7%) 153 (36.5%) 70 (49.3%) 42 (39.3%)
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(correlation = −0.28), whereas in the United States, it was 
trending upwards (correlation = 0.21). In Israel, the initial 
trend was a significant increase in willingness to vaccinate 
children; however, the willingness declined shortly thereafter 
(correlation = 0.06).

The odds ratios for change in willing to vaccinate, for every 
5% increase in population vaccination rate (both by single and 
double dose), by each country is presented in Table 2. While 
none of the countries showed a significant change, the odds of 
willingness to vaccinate decreased in Canada (OR = 0.82, 95% 
CI = 0.63–1.07), and increased in the United States (OR = 1.24, 
95% CI = 0.99–1.56). In both countries, adjustment for baseline 
characteristics attenuated the associations. In Israel, there was 
no change in willingness to vaccinate with increasing 

vaccination rates and confidence intervals were centered clo-
sely around the null (OR = 1.03, 95% CI = 0.95–1.12). When 
using rate of double vaccine dose, results showed null effect in 
Israel (OR = 1.00, 95% CI = 0.99–1.02) and were similar but 
attenuated in the United States compared to single dose 
(OR = 1.07, 95% CI = 0.99, 1.16).

Figure 3 provides willingness to vaccinate amongst the 
study population as a function of first dose population percen-
tage. Trends were similar to the odds ratios above. In Canada 
(total first dose given to <25% by end of study period), the 
estimated willingness declined over time from above to below 
50%, in Israel (>60% received first dose) the estimated trend 
was almost unchanged in regards to plan to vaccinate children 
(~50%) and in the United States (30+% given first dose) esti-
mated willingness increased from near 50% to 75%.

Figure 4 represents simulated anticipated rate of parental 
willingness to vaccinate children under 12 years against 
COVID-19 if trend continued to 100% vaccination of adults 
in each country.

Discussion

Vaccinating children against COVID-19 is critical as a public 
health strategy in order to reach herd immunity and prevent 
illness among children and adults.9 To our knowledge, this is 
the first study to identify correlation between willingness to 
vaccinate children under 12 years of age against COVID-19 in 
the future, and the country’s state of vaccination of the entire 
adult population (first and second dose). We found negative 
correlation in Canada, positive correlation in the United States 
and almost no correlation in Israel.

Table 2. Odds ratios for willing to vaccinate for a 5% increase in population 
vaccination rate by country and odds ratios based on multivariable model 
including age, who completed the survey and vaccination status (up-to-date or 
not based on schedule in the country).

Country OR (95% CI)* p value Adjusted OR (95% CI)** p value

Single dose
Canada 0.82 (0.63, 1.07) .15 0.96 (0.91, 1.01) .12
Israel 1.03 (0.95, 1.12) .47 1.01 (0.99, 1.02) .49
United States 1.24 (0.99, 1.56) .07 1.04 (1.00, 1.09) .08

Two doses
Canada *** - - - -
Israel 1.00 (0.99, 1.02) .75 1.00 (0.99, 1.02) .66
United States 1.07 (0.99, 1.16) .09 1.07 (0.99, 1.15) .11

*Estimated from model including week and vaccinate rate. Odds ratios are per 5% 
increase in population rate of vaccine. 

**Further adjusted for age, who completed the survey and child vaccination 
status (up-to-date schedule vs not up-to-date). 

***Could not be computed due to small cell size.

Figure 3. Trend of parental willingness to vaccinate rate and population vaccinated with one dose of COVID-19 vaccine in each country.
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Vaccine safety is of paramount importance to individuals. 
Among a convenience sample in the United States, decrease in 
the incidence of major adverse effects of a hypothetical 
COVID-19 vaccine (before it was available) from 1/10,000 to 
1/1,000,000 was associated with a higher probability of choos-
ing a vaccine.10

When vaccine safety and efficacy scenarios were offered to a 
representative sample of the US population, vaccine acceptance 
improved when the efficacy of the vaccine was more than 70% 
and willingness reduced when the probability of serious 
adverse reactions was 1/100,000 (but not when it was 1/million 
or 1/100 million).11

We hypothesized that since safety is an imperative factor for 
both adult vaccine considerations as well as parental decision 
making about their children’s health, the implementation of a 
new vaccine program with a good safety profile as portrayed in 
the media, will increase confidence in parents’ decision to 
administer the same vaccine to their children. Our hypothesis 
suggested that the faster and more inclusive the country’s 
vaccine implementation, the higher the willingness trend of 
parents in that country.

In Israel, vaccinating the entire population was swift and 
effective, for both the first and second doses, with 60% of the 
population vaccinated in 4 months. Parents’ initial increasing 
willingness to vaccinate their children decreased once a large 
portion of the population was vaccinated.

There is some evidence that cultural dimensions, including 
social group-norms, may be different in individualistic versus 
collectivistic cultures and that given equal opportunity and access, 
some countries are more likely to be vaccinated compared to 
others.12 The phenomenon of Free-riding vaccines, where com-
munities may feel that when a sufficiently effective vaccine is 
available, individuals may want others to get vaccinated to reach 
herd immunity, while not risking taking the vaccine themselves.13 

It is possible that initial impression of quick vaccination progress 
in Israel helped parents feel more secured in administering their 
children a vaccine later. Then, when a certain threshold was 
reached, and rate of COVID-19 new cases declined, parents may 
have felt herd immunity provided sufficient protection and their 
children do not need to get vaccinated. Furthermore, after our 
study was completed an outbreak at two schools, attributed to the 
more infectious Delta variant, which resulted according to media 
in enhanced willingness to vaccinate adolescents.14 Public health 
authorities must stay vigilant and follow developments of the 
evolving pandemic, to ensure parental attitudes are followed clo-
sely. Another consideration that may have affected public opinion 
in Israel were the increasing pockets of unvaccinated groups 
around the same time as decline was noted among willingness to 
vaccinate in our study.15

In the United States, where parents witnessed a steady 
increase in rate of vaccination in the population, public opi-
nion may have gathered momentum over the study’s four 

Figure 4. Simulated anticipated rate of parental willingness to vaccinate children under 12 years against COVID-19 if trend continued to 100% vaccination of adults in 
population in each country. Shaded area is the confidence interval for the estimate.
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months and parents’ confidence increased, to a level they felt 
more willing to have their children under 12 years receive a 
future vaccine. In the United States, a third of parents did not 
plan to vaccinate their children in April 202116,17 and a report 
by a polling company in May 2021 found many parents desire 
to vaccinate their children after waiting several months.17

In Canada, vaccinating the population started later and was 
significantly slower than the other two countries, and public 
health decision was to first administer only one dose to the 
majority of the population, resulting in delayed administration 
of a second dose. Parents may have felt a lack of confidence in 
the vaccine program, resulting in a decline in willingness to 
vaccinate their young children as implied by the results. Slow 
vaccination rate of the general population may have prevented 
parents in Canada from feeling the vaccination program was 
safe and effective, further limiting their confidence in vaccinat-
ing their children. Furthermore, in March 2021 concerns over 
possible thromboses after immunization with the AstraZeneca 
vaccine,18 used only in Canada, appeared in the media and may 
have also affected confidence of parents.

Vaccine hesitancy has been a barrier to implementation of 
vaccine programs worldwide19 and more than 70 factors have 
been identified as affecting parental decision-making to have 
children vaccinated.20 This has also affected acceptance of 
COVID-19 available vaccines21 and doubts about the safety 
of the COVID-19 vaccine22,23 have contribute to hesitancy. 
Views of COVID-19 as a mild illness in children may contrib-
uted during the study period to hesitancy in planning to 
vaccinate children.

Vaccine-uptake strategies that focus solely on providing 
facts to parents are unsuccessful24 and a Cochrane review of 
face-to-face educational programs about vaccine safety found 
they were ineffective at changing parental attitudes about 
vaccines.25

The study has several limitations. First, the sample size for 
this secondary analysis is small and does not represent the 
population in the three countries, or those visiting participat-
ing EDs. This also led to increased uncertainty in predicted 
trends. Many factors that may affected willingness to vaccinate 
children were not captured in this survey, and despite adjust-
ment for a few key baseline factors, evaluation of parental 
attitudes in this complex and ever-changing pandemic was 
limited. Also, trends may have changed once greater share of 
the population was vaccinated, and public health agencies 
should consider the findings in this study in view with country 
specific considerations. Finally, about 90% of children had up 
to date immunization, which may be higher than rates in other 
countries, and may represent a population with propensity to 
immunize their children.

Conclusions

A robust population-based vaccination program as in Israel 
and to a lesser degree in the US led to increasing willingness by 
parents to vaccinate their children younger than 12 years 
against COVID-19. In Canada, with slower rate of vaccination 
of the adult population, parents were found to be less willing to 
consider vaccinating their children. When considering future 
booster COVID-19 vaccines, Governments and public health 

leaders should consider the implications of vaccination pro-
gram pace on parental decisions to vaccinate their young 
children. Public health in those countries, and likely others, 
need to continue and understand determinants of vaccine 
hesitancy among parents by creating a strong community- 
based qualitative and qualitative surveying of parents of 
young children. Vaccination campaigns need to be flexible 
and address parental concerns and attitudes, and take into 
account the pace and mobilization of vaccine programs in the 
country.
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