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Background: Young children, 6 months to 4 years of age, were the last population for whom the COVID-19
vaccines became available and remain the group with the lowest uptake. Scarce information exists on drivers
of vaccine uptake in young children. The relationship between parental perceived risk of infection and child
COVID-19 vaccination is unknown.

Objective: Examine the association between perceived risk of infection and early childhood vaccination.
Methods: In June 2020, perinatal women in Vermont were enrolled in a longitudinal survey study assessing life
changes during the pandemic. Surveys included worry of infection, Parents Attitude about Childhood Vaccines
(PACV), intention to vaccinate children with the COVID-19 vaccine, and masking behaviors. Once vaccines
became available, surveys also included child vaccination status. A demographic-adjusted stepwise logistic
regression was conducted to assess the relationship of worry of infection and vaccine hesitancy on child
vaccination status.

Results: 85 women completed baseline and follow up surveys. Participants were highly adherent to adult COVID
vaccines with 93 % at least partially vaccinated and only 3 % demonstrated general childhood vaccine hesitancy
on the PACV. However, in this highly adherent population, only 61 % of young children are vaccinated. In
univariate [OR = 7.35 95 % CI (2.70 to 20.02)] and demographic adjusted [OR = 6.03 95 % CI (1.30 to 27.90)]
models, current worry about child infection was associated with higher odds of child vaccination. Previously
established predictors, vaccine hesitancy [OR = 0.91 95 % CI (0.84 to 0.99)] and younger maternal age [OR =
1.33 95 % CI (1.07 to 1.65)] were again associated lower odds of child vaccination.

Conclusion: Among vaccine adherent parents, worry of infection was a strong predictor of vaccine uptake.
Continued efforts to articulate the potential morbidity of COVID in young children, along with established
methods to address general vaccine hesitancy may aid in COVID vaccine uptake in this population.

Introduction

SARS CoV-2 (COVID-19) is a highly transmissible and pathogenic
respiratory virus. In some patients, especially those with severe infec-
tion, COVID-19 can lead to devastating complications such as acute
respiratory distress syndrome or organ failure affecting the kidneys or
the heart. Since the beginning of the pandemic, more than 15 million
cases of COVID-19 in children have been reported in the United States
[1]. Though the effects of COVID-19 in children are not fully under-
stood, young children (0-4 years) with COVID-19 infection have
required hospitalization more frequently than older children [2].

Vaccination against COVID-19 has been associated with decreased risk
of hospitalization in adolescents and school aged children [3,4]. Lack of
eligibility for COVID-19 vaccines correlated with disparate increases in
hospitalization rates in young children during the Omicron surge in early
2022 [4,5]. On June 17th, 2022, the FDA authorized the Moderna and
Pfizer-BioNTech COVID-19 vaccines for children 6 months - 5 years of
age. Despite evidence that the benefits of the COVID-19 vaccination in
children outweigh the risks, uptake of vaccines in this population has
been low [6]. In December 2023, rates of young children having
received at least one COVID-19 vaccination were 10 % nationally with
significant state to state variability (2.1 %-36.1 %) National vaccine
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uptake in this youngest population has been slower than that seen in
school aged children. [8] There remains a gap in understanding what
factors contribute to low childhood COVID-19 vaccine uptake, as well as
factors that predict vaccine uptake in young children.

Studies of COVID-19 vaccines, and other infection prevention be-
haviors in adults reveal several variables may have particular impor-
tance in the current climate. In adults, perceived risk of infection has
been associated with level of participation in COVID-19 preventative
efforts such as handwashing, social distancing and vaccination [9,10].
Predictors of vaccine hesitancy include, lower level of institutional trust,
not being vaccinated against influenza, and perceived safety concerns
with vaccinations [11]. In addition, demographic differences including
female sex, age < 50 and lower educational attainment have been
associated with increased vaccine hesitancy [11,12]. However, previous
experience with emerging pandemics demonstrate that parents may
have different priorities and concerns regarding childhood vaccination
than the general adult population. For example, during the HIN1
Influenza pandemic, 56 % of parents abstained from having their chil-
dren vaccinated with the HIN1 vaccine and indicated safety concerns
about the vaccine as a major factor in their decision. This is substantially
lower than the 35 % of adult abstainers who indicated this was a major
driver. Further the proportion of parents who indicated they did not feel
public health officials would be forthcoming and honest about vaccine
side effects was significantly higher than adults who did not receive the
H1N1 flu vaccine (31 % vs 19 %; p < 0.05) [13]. Additionally, during
this pandemic, perceived risk of HIN1 infection was not a significant
predictor of vaccine uptake among parents when accounting for other
social “cues to action” such as affirming messages from role models or
celebrities [14].

Factors that influence intention to vaccinate children against COVID-
19 have also been explored and reveal parents continue to be substan-
tially concerned about vaccine side effects in the current climate. For
instance, Szilagyi et al report a survey of 3759 parent—child pairs con-
ducted between April 2020 and February 2021, including 884 children
<5. They report parental concerns about vaccinating their children
center around safety and side effects of the vaccine. [15] This is
consistent with others who have evaluated reasons for parental hesi-
tancy toward the COVID-19 vaccine. [16-18] Szilagyi also found parents
who had older children, had received the adult COVID-19 vaccine, and
who had a bachelor’s degree or higher were more likely to indicate they
were “very likely” or “likely” to get a COVID-19 vaccine for their child.
Lastly, 20 % of parents of children <5 indicated they would get the
COVID-19 vaccine for their young child “as soon as possible.” [15] This
is drastically different than the previously mentioned low rates of uptake
seen now that the vaccine is available. Moreover, multiple reports
indicate COVID-19 vaccine hesitancy is persistent even among those
adherent to other childhood vaccines. For instance, Rane et al report
only 10 % of vaccine adherent parents indicate they would not imme-
diately vaccinate their child [18]. Similarly, the cohort described in this
study consisted of highly vaccine adherent participants, yet only 50 % of
whom reported of intention to vaccinate their young children [17].
Thus, an understanding of the correlations between intention to have
children vaccinated and actual vaccine uptake, as well as predictors of
uptake has potential to guide future public health messaging and
elucidate opportunities to increase COVID-19 vaccine acceptance.

Materials and methods
Study population

In June 2020, perinatal women receiving obstetric care at University
of Vermont Medical Center were enrolled in a longitudinal study
assessing the effects of COVID-19 on 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
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review. Potential participants were emailed a study description and link
to consent information. Overall enrollment rate for this convenience
sample was approximately 10 %. Upon enrollment participants
completed longitudinal questionnaires every 2 weeks for a total of 12
weeks that included demographic information, and questions about how
the COVID pandemic had impacted their lives. A total of 287 partici-
pants completed enrollment, 83 % of whom completed the entire 12
week series. Following this longitudinal set of surveys, participants were
given the choice to continue completing an additional 30 months of
monthly surveys that assess life changes related to the pandemic
including social distancing and masking behaviors, mental health
symptoms, access to social supports among others. At time of this
analysis all participants have completed the initial longitudinal series;
177 opted into the monthly follow up surveys. In January 2021, addi-
tional surveys were implemented to assess attitudes and behaviors
regarding the COVID-19 vaccines. These included the Parents Attitude
about Childhood Vaccines (PACV), maternal vaccination status, and
whether women were worried about their children contracting COVID-
19. In October 2022, surveys were updated to include child vaccination
status. Fig. 1 depicts the flow of participants through the sequential
studies from which our sample was obtained.

Measures

Vaccine hesitancy was measured with the Parent Attitudes about
Childhood Vaccines (PACV). The PACV is a validated instrument used to
assess parental vaccine hesitancy related to standard childhood immu-
nizations [19,20]. It includes 15 questions assessing parental beliefs
about vaccines including safety and efficacy, general attitude, and vac-
cine behaviors. Scores were summed and normalized as is standard for
this measure. Participants with a PACV score > 50 are considered vac-
cine hesitant. Primipara women were excluded from the PACV ques-
tionnaires as they would not have been able to answer questions such as
“Have you ever delayed having your child get a shot for reasons other
than illness or allergy?”

Masking behaviors were measured with the question “In the past 2
weeks how often have you worn a mask or face covering when in a store
or other business?” Response options included “Always,” “Most of the
time,” “Some of the time,” “Hardly Ever,” and “Never.”

Intention to vaccinate children was measured with the question
“Which of the following applies to your plans about the COVID-19
vaccine for your child(ren)?” Response options included “I do not plan
on getting the vaccination for my child”, “I plan on getting the vacci-
nation for my child after other children have gotten it,” and “I plan on
getting the vaccination for my child as soon as it’s available to them.”

To assess worry of children contracting COVID-19 participants were
asked “How often do you worry about your child(ren) getting COVID”
and this was measured on a 5-point Likert scale with options: “never”
“rarely” “sometimes” “often” “always.” Worry of children contracting
COVID-19 was assessed at baseline and with each monthly survey.

2 <

Covariates

Predictors were assessed within the context of the following cova-
riates. Maternal age, Child’s age, parental education level, combined
annual family income, and maternal vaccination status. Race was not
included in models. Parental education was considered as a categorical
variable with the following categories: < 4 year degree; 4 year college
degree; > 4 year degree. Additionally combined family income was
assessed in 4 categories: <$50,000; $50,001-$100,000; $100,001-
$180,000; >$180,000. A measure of medical complexity was assessed
with participant perception of their child’s susceptibility to COVID
compared to other children their age. Single answer options included
“much lower,” “lower,” “similar,” “higher,” “much higher.” Lastly,
Maternal COVID-19 vaccination status was asked monthly. Participants
who reported they were partially or fully vaccinated were considered
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Fig. 1. Study flow diagram from parent study to sample included in the current analysis.

“vaccinated,” those who never received a COVID-19 vaccine were
considered “unvaccinated.”.

Statistical analysis

Statistical analyses were performed using Stata 17.0 (StataCorps
LLC, College Station, Texas). Current worry of infection was collapsed
into a dichotomous variable for regression analyses with those who
indicated they worried about infection sometimes or more often cate-
gorized as “Worried.” Masking behavior was also dichotomized with
those who reported wearing a mask at least some of the time considered
“masking.”

Univariate analyses of predictor variables including, intention to
have children vaccinated in Jan 2021, maternal vaccination status,
worry about child infection (at baseline and follow up), and PACV scores
were conducted to assess individual associations with child vaccination
status, and masking behaviors. Subsequently, a demographic-adjusted
(maternal age, income, and education), stepwise logistic regression of
predictors and covariates was conducted to generate the best fit model.
Significance level for inclusion was set at 0.05 [21]. Stepwise regression
was chosen given the lack of current understanding of the relationship
between variables such as worry about contracting COVID and historical
vaccine hesitancy on likelihood to have young children vaccinated. The
benefit of the stepwise approach is that it allows to control for con-
founding variables with unknown relationships to better understand the
individual correlations between predictive variables and outcomes.

Results

85 women completed baseline and follow up surveys. The mean
maternal age was 33 years old; most women had received a college
education with 82 % having at least a 4-year degree, and 43 % had a
family income >$100,001 per year (Table 1). Mothers in our population
were highly adherent to adult COVID-19 vaccines with 93 % of women
at least partially vaccinated or fully vaccinated. Only 3 % demonstrated
general childhood vaccine hesitancy on the PACV. The mean PACV score
was 10. At the time of the baseline survey, 86 % of women reported
worrying at least sometimes about their child contracting COVID-19.
This proportion decreased to 66 % reporting worry about infection in
October 2022. 61 % of children had been vaccinated with at least one
COVID-19 vaccine in October 2022. 40 % of participants were wearing
masks while going to the store.

Maternal vaccination status

All participants who were not vaccinated themselves did not vacci-
nate their children. Given the lack of variability in maternal vaccine
status it was not included in the regression analyses.

Vaccine hesitancy

The few participants who were vaccine hesitant (PACV > 50) did not
vaccinate their infants when the vaccine became available. PACV scores
were significantly associated with higher odds of child vaccination in
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Table 1
Characteristics of the study population.

Characteristics Mean or SD or
N %

Maternal Age (years) 33 5.7
Child Age (months) 20 9.7
Income
<$50,000 14 17 %
$50,001-$100,000 36 42 %
$100,001 to $180,000 28 33 %
>$180,000 7 8%
Education
<4 year degree 16 19 %
4 year degree 33 39 %
>4 year degree 36 42 %
PACV scores 10 15.7
Worry about child contracting COVID (Baseline)
Not worried 13 15 %
Worried 72 85 %
Worry about child contracting COVID (Follow up)
Not worried 29 34 %
Worried 56 66 %
Parental perception of their child’s susceptibility to COVID

compared to other kids their age
Much lower 9 11 %
Lower 27 32 %
Similar 43 51 %
Higher 4 5%
Much Higher 1 1%
Maternal COVID Vaccination Status
Partially or fully vaccinated 79 93 %
Unvaccinated 6 7 %
Child COVID Vaccination Status
Partially or fully vaccinated 52 61 %
Unvaccinated 33 39 %
Masking Behavior
Masking in public 33 40 %
Not masking in public 52 60 %

both the univariate (OR = 0.920, p = 0.001) and multivariate analyses
(OR = 0.909, p = 0.014). PACV scores were also significantly associated
with masking behaviors in univariate analyses with increased scores
being associated with lower likelihood of masking (OR = 0.937
(0.89-0.99); p = 0.02). In multivariable analyses inclusion of PACV
scores improved the model predicting masking behaviors but was not
itself a statistically significant predictor (Table 3).

Intention

Of participants who reported they intended to vaccinate their chil-
dren at baseline, 67 % were subsequently vaccinated (Table 2). In uni-
variate analyses, those who reported they did not intend to vaccinate
their child were significantly less likely to have a vaccinated child OR
0.03 95 % CI (0.004-0.27), however there was not a significant differ-
ence between those who planned to get their child vaccinated as soon as
it was available and those who intended to wait until other children had
received the COVID-19 vaccine OR 0.46 95 % CI (0.16-1.27). Intention

Table 2
Intention to vaccinated at baseline compared to child vaccine status in October
2022.

Vaccine intention at baseline Vaccination status in Oct 2022

Unvaccinated Vaccinated
(%) (%)
Vaccinate child as soon as the vaccine is 11 (24 %) 35 (76 %)
available
Vaccinate child after other children have 11 (41 %) 16 (59 %)
received the vaccine
Does Not Plan to Vaccinate 10 (91 %) 1 (9 %)

Chi Square test for statistical difference = 17.0, p < 0.001.
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to vaccinate was not significantly associated with masking behavior in
univariate analyses and did not improve the multivariate model for
vaccination status nor masking behavior.

Worry of children contracting COVID-19

Worry of COVID-19 at baseline, prior to access to vaccinations, was
not a predictor of future infant vaccination status [p = 0.067]. However,
worry of COVID-19 infection in October 2022 was a predictor of infant
vaccination status. In mothers who identified as worried at the follow up
timepoint, 77 % of infants were vaccinated. Worry of COVID-19 has
varied over time and the average of worry of COVID-19 infection in our
population is decreasing (Fig. 2). Across the baseline and follow up time
points, worry has decreased significantly (Chi Square 8.9; p 0.003).

In univariate [OR = 7.35 95 % CI (2.70 to 20.02)] and demographic
adjusted for maternal age, income, and education level [OR = 6.03 95 %
CI (1.30 to 27.90)] models, current worry about child infection was
associated with higher odds of child vaccination (Table 4). More
frequent worry about COVID-19 was associated with similarly increased
odds of masking in public. The odds in the univariate analysis [OR =
6.69 95 % CI (2.05 to 21.86)] remained significant in the full model [OR
= 4.87 95 % CI (1.26 to 18.8)] Vaccine hesitancy (PACV score > 50)
[OR = 0.91 95 % CI (0.84 to 0.99)] and younger maternal age [OR =
1.33 95 % CI (1.07 to 1.65)] were associated lower odds of child
vaccination (Table 4). For models of masking behaviors, only current
worry was associated with a significantly increased odds of masking.

Discussion

This study adds to the understanding of factors that influence beliefs
and behaviors surrounding vaccination of young children against
COVID-19. To our knowledge, this study represents the first longitudinal
prospective assessment of caregiver COVID-19 vaccine intentions and
behaviors. Second, the results indicate that caregiver worry about their
child contracting COVID-19 is strongly associated with child vaccination
status. These results suggest that there may be important opportunities
to encourage vaccine uptake in families of young children. Lastly, this
study suggests that general hesitancy toward childhood vaccinations is
associated with lower odds of vaccinating children against COVID-19.

With any study related to COVID-19, context is key. This study takes
place in Vermont. A state with some of the highest rates of COVID-19
vaccination across the United States and with low rates of infection
[22]. Additionally, when initial COVID-19 vaccinations became avail-
able, the Vermont State Governor implemented a vaccination roll-out
plan and encouraged all Vermont residents to become vaccinated.
Large scale vaccination clinics made the vaccines accessible and were
open throughout the state at the start of the pandemic and closed in May
2023 [23]. Vermonters were early adopters of the COVID-19 vaccine for
the youngest populations with 32 % of eligible children 6 months to 4
years receiving at least one dose of the vaccine in the first 6 months it
was available [7]. For these reasons, we believe that rather than offering
the ability to generalize our findings, these participants represent those
most likely to accept the COVID-19 vaccine for their children. It is with
this lens that we interpret the results described above.

While several studies have investigated factors influencing parents’
intentions to vaccinate their children against COVID-19, little is known
about how intention translates into behavior. We have previously re-
ported readiness to have young children vaccinated against COVID-19
within this study population substantially fluctuated over time [17].
Even so, caregiver intention to vaccinate young children, prior to vac-
cine availability, was predictive of young children being vaccinated.
Alternatively, caregivers who indicated they did not intend to vaccinate
their children did not pursue the COVID-19 vaccine when it was avail-
able. Factors previously demonstrated to influence intention to vacci-
nate consistently include age, education level, higher income, and
vaccine hesitancy [24,25]. However, many of these variables are fixed,
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Fig. 2. Mean rating of participants level of worry about their children contracting COVID-19 over time is represented with the line and markers, bars represent the
standard deviations. A 3 month gap exists between the earliest baseline vaccine assessments and implementation of the monthly follow up assessments.

Table 3
Odds ratios of univariate relationships between participant characteristics and
outcomes.

Table 4
Demographic adjusted odds ratios of variables associated with child vaccine
uptake and masking behaviors.

Vaccination
Status
OR (95 %CI)

Characteristics Masking
Behavior

OR (95 %CI)

Maternal Age (years)
Child Age (months)

1.37 (1.17-1.60)
0.999
(0.998-1.001)

1.04 (0.95-1.14)
0.999
(0.998-1.001)
Income
<$50,000
$50,001-$100,000
$100,001 to $180,000

Base
1.33(0.34-5.19)
1.46 (0.36-5.91)

Base
2.25(0.63-8.06)
6.60 (1.60-27.2)

>$180,000 4.50(0.63-32.3)  5.625
(0.75-42.4)

Education

<4 year degree Base Base

4 year degree 5.88 (1.40-24.6) 2.10 (0.49-9.03)

>4 year degree 21.7 3.67 (0.87-15.4)

(4.69-100.2)

PACV scores 0.92(0.87-0.97)  0.94 (0.89-0.99)
Worry about child contracting COVID

(Baseline)
Not worried Base Base
Worried 3.13(0.92-10.6)  2.56 (0.65-10.1)
Worry about child contracting COVID

(Follow up)

Not worried Base Base

Worried 7.35(2.70-20.0)  6.69 (2.05-21.9)

Parental perception of their child’s
susceptibility to COVID compared to
other kids their age

Much lower 0.52(0.12-2.23)  1.08 (0.23-5.16)
Lower 1.55 (0.56-4.34) 2.25 (0.84-6.04)
Similar Base Base

Higher 0.65 (0.08-5.09) =

Much Higher * *

*Too few observations to calculate.

making intention to vaccinate difficult to target with intervention ef-
forts. Thus, evaluating modifiable factors influencing vaccine intention
and subsequent uptake may prove useful to changing vaccine behaviors.

Predictors Vaccine uptake Masking behaviors

Odds ratio 95 % CI Odds ratio 95 % CI
COVID-19 Worry 6.0 (1.30-27.9) 4.87 (1.26-18.8)
Maternal Age 1.33 (1.07-1.65) 0.99 (0.90-1.1)
PACV score 0.91 (0.84-0.99) Did not meet inclusion

Income and Education were included in the models but were not significant
predictors in either model. Bolded odds ratios indicate p < 0.05.

Vaccine hesitancy is not unique to the COVID-19 vaccine. Historical
evidence of factors influencing childhood influenza vaccination may
shed light on factors influencing the acceptance of the COVID-19 vac-
cine. The childhood influenza vaccine is less frequently accepted by
parents than routine childhood vaccination. Kempe et al. reported that 1
in 15 US parents are hesitant about routine childhood vaccines, while 1
in 4 are hesitant about the influenza vaccine. Further, they report vac-
cine efficacy and safety are the most common parental concerns about
receiving the annual flu vaccine [26]. Factors that result in vaccine
hesitancy and vaccine acceptance are important in informing public
health interventions.

The findings we report are consistent with the limited literature
associating concern about influenza infection with vaccine intention and
behavior. Liao et al. identified that worry about one’s child becoming
infected with influenza is the most common reason for pursuing vacci-
nation [27]. However, others reported that worry about influenza
infection was not a statistically significant association of intent to
vaccinate against influenza [28,29]. Therefore, it is possible that worry
of infection influences behaviors more than intention. The association
between increased worry about COVID-19 infection and increased fre-
quency of masking in public supports the hypothesis that concern about
infection is a driver of protective behaviors.

It is also worth noting that in univariate analyses parental education
and income have significant associations with COVID vaccination. This
does not persist in the full models after accounting for worry about
COVID infection in one’s child. The large OR associated with worry
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about infection and the lack of association between these socioeconomic
variables suggest that worry about COVID is a stronger driver of vaccine
uptake in our population. Furthermore, the lack of association between
vaccination and masking behaviors and age of the child is somewhat
unexpected as rates of vaccinations against other respiratory viruses is
higher in those under 2 years [30]. That said, in diseases such as influ-
enza the youngest age groups have consistently had the broadest
coverage in the United States for a number of years leading up to the
COVID pandemic. [30].

Some might take these results to indicate that public health
messaging should increase fear of infection to improve childhood
vaccination coverage. Indeed, early messaging about COVID-19 infec-
tion and information provided via social media has been criticized for
sensationalism and emphasis on the threat of COVID-19 without equal
attention to actionable steps to mitigate risk [31-33]. Fear based public
health messaging is most effective when the focus is on the desired be-
haviors and next steps [32]. Therefore, while we would not promote
implementation of widespread fear-based campaigns, our data suggest it
is important to continue to relay the accurate risks of childhood infec-
tion, and that childhood vaccination is safe and decreases risk of disease.

There are many similarities between factors influencing parental
acceptance of childhood influenza vaccination and COVID-19 vaccina-
tion. This suggests interventions which target flu vaccine uptake make
have similar efficacy in increasing COVID-19 vaccine uptake[34]. As
such, one example of an opportunity to capitalize on parental concern
would be to encourage COVID-19 vaccines while children are hospital-
ized for other viral illnesses and incorporate COVID-19 vaccine efforts
into discharge planning.

Our study has important limitations to consider. First, the regional
context as has been described is critical to frame the results. Addition-
ally, the study design is that of convenience sampling. Thus, those
answering the survey questions have willingly opted into this research
project. That said, the breadth of the parent study aims, to understand
the impact of COVID on perinatal individuals and their children, lacked
a specific focus on vaccine behaviors that may have otherwise dissuaded
those with significant vaccine hesitation specifically. Additionally, there
was significant drop off in the study from time of enrollment to time of
follow up vaccine questionnaires. We compared the population of par-
ticipants who enrolled in the parent study to those in this specific study
and found no differences in demographics, baseline vaccine hesitancy,
intention to vaccinate their children, perceived susceptibility to COVID
or concern about children becoming infected. Lastly, the sample size is
modest making it more difficult to identify relationships with smaller
effect size. Although this may have decreased or ability to identify
covariates with smaller impacts, it does suggest that worry about COVID
infection is indeed a strong predictor to protective behaviors.
Acknowledging these limitations, we believe our data represent an
important longitudinal study of vaccine behaviors that may prompt
further investigation of these behavioral drivers.

In sum, this study demonstrates moderate uptake of COVID-19
vaccination for young children among vaccine adherent parents.
Furthermore, the data indicates that worry about children becoming
infected with COVID-19 is strongly correlated with protective behaviors.
Similar studies are needed across different populations to test general-
izability, but these results are consistent with generalized drivers of
childhood influenza vaccination.
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