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A B S T R A C T   

Young children (0–4 years) represent the next population in whom the SARS-CoV-2 (COVID) vaccine will be 
available. Addressing parental feelings about vaccination will be important to optimize uptake. In this study, 
online surveys were administered in 78 perinatal women in the Northeast United States (Vermont) between 
January and July 2021. Women reported vaccine intention by indicating their plans to have their child vacci
nated. Response choices included vaccinate as soon as possible, vaccinate but not immediately, or no intention to 
vaccinate. Subsequently, women rated their readiness to vaccinate children if offered the COVID vaccine 
tomorrow on an 11-point scale from 0 (definitely not get the vaccine) to 10 (definitely get the vaccine). Factors 
influencing ratings were measured categorically. General vaccine hesitancy was measured with the Parent At
titudes about Childhood Vaccinations scale. While many individual participants changed readiness to vaccinate 
children between baseline and follow-up; readiness in the study cohort remained unchanged. Approximately 
50% of participants were likely to have their young children vaccinated. Concerns about vaccine safety was the 
largest driver of hesitancy. Importantly, even in a cohort highly adherent to childhood vaccines, hesitancy to
ward general childhood vaccines predicted decreased readiness for young children to receive the COVID vaccine. 
Our data provide evidence that maternal attitudes about the COVID vaccine are not fixed but overall readiness 
remains low, that prior adherence to childhood vaccine schedules will not predict vaccine behavior related to the 
COVID vaccine, and that public health messaging should emphasize messaging targeting vaccine safety in 
children.   

1. Introduction 

Since COVID (SARS-CoV-2) appeared in the United States, >79 
million cases, and 970,000 deaths have been attributed to COVID 
infection (March 23,2022) (Johns Hopkins University). The impact on 
children is not yet clear, however a recent study by Kim et al reports 
young children (0–4 years) with COVID were hospitalized more 
frequently than older children (Kim et al., 2021). Approval of the COVID 
vaccine in older children and the Delta and Omicron variants have 
significantly increased the burden experienced by the youngest children, 
not yet eligible for vaccination (Marks et al., 2022a; Marks et al., 
2022b). In fact, hospitalization rates in this population reached 15.4 per 
100,000 during the Omicron surge, 5 times higher than during the Delta 
wave (Marks et al., 2022b). Hospitalization rates in 5–11 year olds and 
12–18 year olds also increased during the Omicron wave (2.4 and 5.9 

per 100,000 respectively) but remained lower than those of the youngest 
children (Marks et al., 2022b). 

Ample evidence supports COVID vaccination in children to decrease 
hospitalization. For example, the Center for Disease Control data shows 
unvaccinated children 5–11 are three times as likely to require hospi
talization than those who are fully vaccinated. Similarly, infected ado
lescents are twice as likely to require hospitalization if they are 
unvaccinated. Although vaccination rates in eligible children have been 
increasing, overall they remain low; approximately 60% in adolescents 
and 30% in children 5–11 years (April 2022) (Hamel et al., 2021; Mayo 
Foundation for Medical Education and Research, 2022). 

Kelly et al. reported high intention to vaccinate children (73%) in 
April 2020, however more recent reports indicate less than half of par
ents’ intend to vaccinate their children against COVID(Kelly et al., 2021; 
Ruggiero et al., 2021). Longitudinal data on parental attitudes toward 
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COVID vaccination for young children are lacking; but fluctuations in 
the pandemic, and vaccine messaging will likely have an impact on 
parental vaccine hesitancy. Thus, we sought to examine factors associ
ated with intention and readiness to vaccinate children across two 
timepoints in the pandemic. 

2. Methods 

2.1. Study population 

In June 2020, women who received obstetric care at University of 
Vermont Medical Center were enrolled in a longitudinal study assessing 
the effects of COVID on perinatal women and their children. Eligible 
women were 18 or older, pregnant, or had an infant 6 months old or 
younger. Participants were recruited if they indicated interest in 
research studies or if they met inclusion criteria by medical record re
view. Potential participants were ed a study description and link to 
consent information. Overall enrollment rate was approximately 10%. 
Between January 2021 and February 2021 participants completed an 
online baseline assessment of general vaccine hesitancy and beliefs 
about administering the COVID vaccine to children. An online follow-up 
assessment was administered 5 months later. 

All aspects of the study were approved by the University of Vermont 
Institutional Review Board. Participants provided informed consent 
prior to data collection. 

2.2. Measures 

Vaccine hesitancy was assessed with the Parent Attitudes about 
Childhood Vaccinations (PACV) (Opel et al., 2011a; Opel et al., 2013). 
The PACV measures hesitancy toward typical childhood vaccinations. 
Specific measures include perceptions of severity of vaccine preventable 
disease, benefits of vaccination, susceptibility toward preventable dis
eases and barriers to vaccination (Opel et al., 2011a). Women who were 
pregnant with their first child did not complete the PACV. 

Intention to vaccinate children was assessed with the question: 
“Which of the following applies to your plans about the COVID vaccine 
for your child(ren)?” Response options were “I plan on getting the 
COVID vaccine … as soon as it is available to them,” “…but after other 
children” and “I do not plan on getting the COVID vaccine for my 
children”. 

Readiness to vaccinate children was measured with the question “If 
you were offered the COVID vaccine tomorrow, what would you do?” 
Participants indicated their readiness on a visual analog scale with 0 “I 
definitely would not get the vaccine” and 10 “I would definitely get the 
vaccine” labeled. 

Participants indicated the biggest factor driving the rating of their 
intentions and rated their worry about their children contracting 
COVID. Responses included “I am concerned about my child getting very 
sick,” “I want to protect my family against COVID,” “I want to be able to 
normalize their social life,” “I am concerned about the side effects,” “I 
don’t think it will protect them against COVID,” “They have already had 
COVID,” and “Other.”. 

For statistical analysis, women who rated their readiness to have 
their child vaccinated against COVID as 7 or greater were considered 
“likely” to have their children vaccinated, those with readiness scores 
between 3 and 6 were “unsure” and those with scores less than 3 
considered “unlikely.” For examination of readiness over time, those 
who were likely to have their children vaccinated at follow-up (or both 
baseline and follow-up) were considered “stayed high or increased”, 
while “stayed low or decreased” describes participants who were 
persistently unlikely or unsure or who decreased from likely on the 
follow-up survey. 

2.3. Statistical analysis 

The PACV was scored per validation studies; scores >50 represent 
vaccine hesitancy (Opel et al., 2011b). A two-sided paired t-test was 
calculated on baseline vs follow-up readiness score. Frequencies and 
descriptive statistics were calculated with chi square and t-tests 
comparing between the groups. 

Univariate logistic regression was used to assess associations be
tween vaccine readiness and demographic variables, worry about 
COVID and PACV score. Then stepwise logistic regression was 
completed using demographic and predictor variables to establish the 
best fit model predicting readiness for vaccination. 

3. Results 

78 women participated in the vaccine survey at both baseline and 
follow-up; mean age was 33 years (SD = 4.0). 81% of participants had a 
4-year degree or higher, and 95% were white (Table 1). 

3.1. Vaccine behaviors 

The majority of participants believed general vaccines are safe, and 
only 10% had ever delayed a childhood vaccine for a reason other than 
illness. The mean PACV score was 10, well below the threshold indi
cating vaccine hesitancy. Even so, PACV score was correlated with 
women’s readiness to vaccinate their children (correlation coefficient 
− 0.50, p value < 0.001 for both survey timepoints). 

3.2. Intentions 

At baseline, 42% of women intended to have their children vacci
nated as soon as the vaccine was available. At follow-up 5 months later, 
this proportion increased to 49%. Those who did not intend to have their 
children vaccinated decreased minimally between the two timepoints 
(22% baseline vs 20% follow-up). Lastly, those who intended to wait 
until other children received the COVID vaccine decreased from baseline 
to follow-up. None of these small differences met statistical significance. 

3.3. Readiness 

The mean readiness score was not statistically different between 
timepoints (5.2 baseline vs 5.9 follow-up; p = 0.065; dRM (− 0.06 to 
0.57). At baseline 45% of participants were likely to have children 
vaccinated, 23% unsure, and 32% unlikely; compared to 51%, 22% and 
27% respectively at follow-up. Though change in readiness across the 
study population was not significantly different, many participants 
changed their rating between timepoints (Fig. 1). 

3.4. Factors driving readiness 

In both time periods, women who were unsure or unlikely to have 
their children vaccinated overwhelmingly reported concern about vac
cine side effects was driving their decision. In contrast, most participants 
who were likely to have their children vaccinated indicated wanting to 
protect their family from COVID as the driving factor (Fig. 2). 

3.5. Predicting readiness to vaccinate children 

The final model predicting participants readiness to vaccinate chil
dren included maternal age and PACV score only. Education level, 
concern about children contracting COVID, household income, infant 
age, and maternal vaccination status at follow-up did not improve the 
model. The final model indicated higher maternal age (OR 1.42 
(1.14–1.77); p = 0.002) and lower PACV scores (OR 0.86 (0.77–0.95); p 
= 0.002) were associated with increased readiness to vaccinate children. 
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4. Discussion 

Our results demonstrate persistently low readiness to have children 
vaccinated against COVID among mothers with low vaccine hesitancy 
toward childhood vaccinations. Though many individuals changed their 

intention and readiness between timepoints, the overall readiness of the 
study cohort remained around 50%. This is consistent with cross- 
sectional surveys of parents in the winter of 2020–21 (Ruggiero et al., 
2021; Szilagyi et al., 2021). It is also similar to the current vaccination 
rates (as of April 2022) in eligible adolescents (60%) and higher than 

Table 1 
Univariate analyses of demographic and predictor variables by readiness to vaccinate children.   

Total population Persistently low, or decreased readiness to have 
children vaccinated 

Persistently high or increased readiness to have 
children vaccinated 

Significance 

N 78 38 40   

Mean or N SD or % Mean or N SD or % Mean or N SD or %  

Maternal age 33 4 31 3 35 4  <0.001 
Income        0.187 
<$30,000 6 8% 4 11% 2 5%  
$30-$59,999 15 19% 11 29% 4 10%  
$60-$99,999 28 36% 12 32% 16 40%  
$100-$140,000 19 24% 7 18% 12 30%  
>$140,000 10 13% 4 10% 6 15%  
Education        0.001 
<4 year degree 15 19% 13 34% 2 5%  
4 year degree 30 39% 15 39% 15 38%  
>4 year degree 33 42% 10 26% 23 57%  
Baby age at follow-up (weeks) 48 18 50 16 46 19  0.279 
Baby age at baseline (weeks) 27 18 29 16 25 19  0.3134 
Vaccination status at follow-up        0.001 
unvaccinated 13 17% 12 32% 1 3%  
vaccinated 65 83% 26 68% 39 97%  
PACV† score 10 13 17 16 4 6  <0.001 

*N = 71, Only 3 participants scored >50, the lower threshold representing vaccine hesitancy †PACV: Parent Attitudes about Child Vaccinations. 

Fig. 1. Participant ratings of readiness to vaccinate children at baseline and follow-up. Above, red lines represent increased readiness, blue lines represent 
decreased, yellow are stable reediness scores. Lines represent baseline/follow-up pairs which exist in the data at least once to depict the diversity of change in 
readiness between the timepoints. However, mean scores at both timepoints are not significantly different. (For interpretation of the references to colour in this figure 
legend, the reader is referred to the web version of this article.) 
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vaccination rates in children 5–11 (30%) (Hamel et al., 2021; Mayo 
Foundation for Medical Education and Research, 2022). Although our 
study takes place before the appearance of the Omicron variants, 80% of 
parents of unvaccinated children report the Omicron variant does not 
impact their likelihood to have their child vaccinated (Hamel et al., 
2021). Studies prior to the Omicron variants estimated 50–80% of the 
population would need to be immune for herd immunity to prevent 
transmission (Omer et al., 2020; Sanche et al., 2020). The increased 
transmissibility of Omicron variants means that herd immunity will 
require even higher rates of immune individuals (Liu & Rocklov, 2022). 
Therefore, current rates of intention to vaccinate are lower than neces
sary to have a lasting impact. 

Our study adds longitudinal measurement to literature on parent’s 
attitudes toward the COVID vaccine. Our baseline survey was conducted 
prior to widespread availability of the COVID vaccine in adults, while at 
the second timepoint all participants were eligible for vaccines them
selves. However, vaccine readiness overall was stable indicating 
improved vaccine messaging and/or penetration is needed. Surprisingly 
2/3rd of those with low scores of readiness were vaccinated themselves, 
therefore public health messaging will likely need to specifically address 
benefits and safety of COVID vaccines in children. 

Similar to prior studies, concern about side effects was reported as 
the major factor driving vaccine hesitancy. This sample of mothers were 
particularly compliant with childhood vaccines, suggesting prior vac
cine adherence does not predict readiness to accept the COVID vaccine. 
Even among this highly adherent population, PACV scores were strongly 
predictive of persistent or increasing readiness to have children vacci
nated. It appears even low levels of mistrust, or hesitation related to 
childhood vaccines influences feelings related to COVID vaccines. 
Therefore, though COVID specific messaging is necessary, strategies 
used to improve childhood vaccine adherence generally may have a role 
in messaging about the COVID vaccine. Lastly, maternal age was the 
strongest predictor of vaccine readiness suggesting outreach optimized 
for younger mothers will be important. 

With any study related to COVID, context is key. This study occurred 
in Vermont before and after widespread availability of adult COVID 
vaccines. Vermont had the highest vaccination rates in the country 
during the follow-up period with 66–69% of all Vermonters being fully 
vaccinated between July and August 2021 (Mathieu et al., 2021). We do 
not believe our data to be generalizable across the country, but instead 
represent a “best case scenario.” Therefore, the findings of persistently 
low levels of intention and readiness to vaccinate young children are 

striking and suggest achieving high vaccine coverage for young children 
nationwide will require significant effort. 

4.1. Limitations 

The study was primarily white, vaccine compliant, highly educated 
women. Future work will need to examine vaccine hesitancy in more 
diverse populations as previous studies have shown variability based on 
sociodemographic factors (Szilagyi et al., 2021). The sample size is 
modest, introducing the potential to fail to reject null hypotheses. 
Though our data did not demonstrate a statistical difference in readiness 
score between timepoints, the effect size confidence interval is wide. 
Most would consider the upper limit (0.57) a “subtle” effect (Goulet- 
Pelletier & Cousineau, 2018); therefore, we feel our results do not 
represent meaningful change between timepoints. Lastly, we were not 
able to measure other influential factors related to vaccine readiness and 
hesitancy including social media consumption, which has been shown to 
impact vaccine hesitancy (Wilson & Wiysonge, 2020). Considering these 
limitations, there may be even lower readiness to vaccinate children 
against COVID among a heterogenous population, further emphasizing 
the importance of continued efforts to reach parents, particularly of 
young children. 

4.2. Conclusion 

In sum, our data raise concerns about women’s current intentions to 
have children vaccinated against COVID. If overall vaccine readiness is 
similar to our population, the population at large will be far below 
vaccination rates needed to achieve herd immunity. However, our data 
also demonstrate women have changed their opinions about vaccina
tion, some becoming less ready while others increased readiness. 
Therefore, one should not assume attitudes about COVID vaccinations 
are entrenched. It is well known that Pediatricians represent one of the 
most trusted sources of information related to vaccines, however most 
parents have yet to talk with their physician about the COVID vaccine 
(Kaiser Family Foundation, 2021). As we have yet to see increases in 
overall readiness with current messaging strategies, it is critical for pe
diatric providers to talk with families about the COVID vaccine, even for 
those in whom it is not yet approved. 

Fig. 2. Driving Factors of Readiness Rating at Baseline and Follow-up by Likelihood of Having Children Vaccinated. Between baseline and follow-up, 
concern about children getting very sick and desire to protect one’s family from COVID increased, particularly among those likely to vaccinate children. Simulta
neously, concern about the side effects decreased at follow-up, but remained the most common factor driving readiness rating among those unsure or unlikely to have 
children vaccinated. 
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