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Parental hesitancy poses a serious threat to the success of the COVID-19 childhood vaccination campaign.
We investigate whether adults’ opinions on childhood vaccination can be influenced via two survey
experiments in Italy (n = 3,633 participants) and the UK (n = 3,314 participants). Respondents were ran-
domly assigned to: a “risk treatment” that highlighted the potential risks of COVID-19 to a child, a “herd
immunity treatment” that emphasized the community benefits of pediatric vaccination, or a control mes-
sage. Participants’ probability of supporting COVID-19 childhood vaccination was then assessed on a 0-

Iég{/";’gﬁg 100 scale. We find that the “risk treatment” reduced the proportion of Italian parents strongly against
Children vaccination by up to 29.6 %, while increasing the proportion of neutral parents by up to 45.0 %. The “herd

immunity treatment”, instead, was only effective among non-parents, resulting in a lower proportion of

individuals against pediatric vaccination and a higher proportion of individuals in favor (both shifted by

around 20 %).

© 2023 The Authors. Published by Elsevier Ltd. This is an open access article under the CCBY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Vaccines are one of the most cost-effective and safe public
health interventions against infectious diseases [1]. However, ris-
ing vaccine hesitancy levels have contributed to decreased vacci-
nation coverage in the general population and specifically among
minors [2]. In the case of COVID-19, while children can suffer seri-
ous health consequences due to infection [3], the public remains
largely distrustful about pediatric vaccination [4]. Since parents
are ultimately responsible for the decision to vaccinate children,
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it is essential to consider their perspectives when designing health
communication strategies. Besides, other adults’ sentiments on
this topic are worth of attention as social networks can affect vac-
cination decisions significantly [5]. Appeals to the personal and
societal benefits of COVID-19 vaccination have been shown to
increase intentions to get vaccinated among adults [6,7], but little
is known about the efficacy of these interventions for pediatric
immunization program.

To fill this gap, we conducted a survey experiment among
adults to measure the impact of two information treatments on
their intention to support COVID-19 childhood vaccination. Partic-
ipants were randomly assigned either to one of the two treatments,
or to a control group. The risk message treatment provided data on
how many children suffered severe consequences from COVID-19.
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The herd immunity message treatment emphasized the commu-
nity benefits of pediatric vaccination. Lastly, a short note about
the vaccination campaign was shown in the control condition. A
total of 3,633 participants from Italy and 3,314 from the UK were
recruited through an online survey in the months of June and July
2021. A comparison between these two countries is interesting as
they differ both in the stringency of the pandemic response [8], and
in the schedule of the childhood COVID-19 vaccination campaign
(see S1). The surveys also collected information on participants’
socio-demographic characteristics, including parental status, gen-
der, age, educational level and occupational status. Additionally,
data on respondents’ COVID-19 vaccination history, most trusted
sources of information on COVID-19 vaccines and motivations
behind childhood vaccine hesitancy were gathered.

2. Methods

Study participants aged 18 or older, quota-sampled to match
national populations’ age, gender, geographical area, and education
(see S2), were recruited by the market research company Lucid.
Respondents were randomized to the three groups at equal rates.
Specifically, in Italy 1,167 respondents (31.90 %) were assigned to
the control group, 1,111 (33.50 %) to the herd immunity group,
and 1,205 (34.60 %) to the risk group. In the UK, 1,019 participants
(33.44 %) were shown the control message, 1,025 (33.64 %) the
herd immunity message and 1,003 (32.92 %) the risk message.
After excluding respondents who did not answer about COVID-19
childhood vaccination, 3,329 Italian and 3,025 British participants
were included in our analysis.

Firstly, we check the balancing of covariates across treatments
groups, obtained via randomization, using Pearson’s Chi-square
tests (see S3). We then use the relative distribution methods
[9,10] to analyze distributional differences of the participants’
probability of supporting childhood vaccination, assessed on a 0-
100 scale, between each treatment and the control group. Specifi-
cally, we estimate and plot the relative density (RD) function,
namely the ratio between the density of the outcome variable in
the treatment group fi(y) and the density of the outcome variable
in the control group f«(y), at specific y values identified by the r"
quantile of the outcome distribution in the control group. As the
outcome was measured for five age groups (0-2, 3-5, 6-11, 12—
16, 17-18) (see S4), the pair respondent-child age group is the unit
of analysis, and standard errors are clustered at the respondent
level to account for non-independence between outcome values
originated by the same individual. Additionally, descriptive statis-
tics about the most trusted sources for COVID-19 vaccine-related
information and reasons for vaccine hesitancy are performed (see
S4). The statistical analysis was conducted using Stata/SE version
17.0.

3. Results

Parents of children aged 0-18 years represented 32 % of respon-
dents in Italy (1,191) and 37 % in the UK (1,212). The remaining
survey participants, either non-parents or parents of children aged
19 years or older, will be referred to as non-parents for simplicity.
In both countries, a slightly higher percentage of respondents were
female (61 % in Italy, 53 % in the UK). Median age was 37 and
40 years respectively. The most common educational level was
high school diploma (40 % in Italy, 24 % UK), and the highest pro-
portion of respondents was employed full-time (35 % and 44 %
respectively). Finally, the percentage of respondents who had
already received the first dose of the COVID-19 vaccine was 30 %
in Italy and 52 % in the UK.
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The probability of accepting or recommending COVID-19 child-
hood vaccination was mass-polarized on the extreme values of the
scale (0 and 100), both among parents and non-parents, and across
treatment groups: specifically, 22.2 % of the Italian control respon-
dents reported no propensity to vaccinate (lower value of the
scale), while 20.4 % were fully convinced (upper value of the scale).
In the UK, 18.7 % of responses were concentrated on 0, and 19.0 %
on 100.

Fig. 1 presents the empirical distributions of responses among
risk-treated vs control (top panels) and herd-immunity-treated
vs control (bottom panels) parents. The nested kernel relative den-
sity (RD) plot summarizes the inferential findings: an RD line
above (or below) the horizontal line in each region indicates a
higher (or lower) fraction of the population concentrated in that
decile relative to the control group [9,10]. In Italy, the proportion
of parents strongly against vaccination (probability around O0)
decreased by up to 29.6 % (95 % confidence interval [CI]
1.5 %-57.8 %) in the risk treated group, and the proportion of
neutral parents (probability around 50) increased by up to 45.0 %
(95 %CI 9.6 %-80.4 %) (top left panel). A similar tendency is
observed among UK parents (top right panel), albeit not significant.
The herd immunity treatment, instead, showed an indication of a
downwards displacement of responses among herd-immunity-
treated Italian parents, but its effect was never significant in both
countries (bottom panels).

Fig. 2 presents results for non-parents when risk-treated (top
panels) or herd-immunity-treated (bottom panels). Among risk-
treated in Italy (top left panel), a non-significant reduction of
respondents strongly against vaccination is accompanied by an
increase (up to 18.4 %, 95 %ClI 2.5 %-34.2 %) in the proportion of
mildly hesitant non-parents (probability between 1 and 50). In
the UK (top right panel), a slight density reduction in the left part
of the distribution is compensated by an increase of up to 21.5 %
(95 %CI 1.2 %-41.8 %) of non-parents in favor of vaccination
(probability around 100).

We also find a significant directional shift from 0 to 100 when
non-parents are exposed to the herd immunity treatment. Specifi-
cally, in Italy (bottom left panel) up to 20.0 % fewer non-parents
(95 %CI 1.7 %- 38.3 %) were against vaccinating minors, while up
to 21.4 % more (95 %CI 1.3 %-41.4 %) were in favor. These results
hold in the UK as well (bottom right panel), except for a less
pronounced and non-significant shift in the upper extreme of
the distribution. Indeed, up to 22.2 % fewer British non-parents
(95 %CI 0.8 %-43.7 %) reported 0 probability to support childhood
vaccination, while up to 16.1 % more (95 %CI-2.7 %-34.8 %)
reported a probability equal to 100. The above-reported percentual
increases and decreases refer to single percentiles of the outcome
distribution in the control group.

4. Discussion

Overall, our findings suggest that different concerns may come
into play when evaluating the opportunity of vaccination for one’s
own child, as opposed to children in general. Messages about the
risks of COVID-19 disease to the child positively impacted all
respondents, both in Italy and the UK, in agreement with research
on adults’ intentions to vaccinate themselves [6,7]|. However, and
in contrast with the evidence to date [6,7], the prosocial appeal
impacted non-parents but failed to affect parents’ opinion. This is
consistent with previous research on parents in the USA: empha-
sizing the societal benefits of the Measles Mumps Rubella (MMR)
vaccination without mentioning the benefits to the child was
found to be ineffective in shifting parental intentions [11]. In gen-
eral, both treatments shifted participants’ attitudes. However, the
shift was only towards neutral positions for parents, while also
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Fig. 1. Kernel empirical and nested RD plots of vaccination intentions among parents in Italy (left) and UK (right), comparing risk-treated and controls (top), herd-immunity-

treated and controls (bottom). Estimates of RD are presented with 95 % CI.

towards vaccine-positive attitudes for non-parents. This result sug-
gests that parents’ opinions were firmer and scarcely influenced by
a one-time information treatment, i.e., parents may have formed a
stronger opinion about the topic with respect to adults without
children under 18. Additionally, results are similar across coun-
tries. As the vaccination for minors was initiating in Italy but only
under discussion in the UK at the survey time, we observe that sup-
port for COVID-19 childhood vaccination is not impacted by the
timing of vaccination policies (see S1). Moreover, the observed
backfire effect of the herd-immunity treatment among Italian par-
ents alerts us about the possible detrimental consequences of
information treatments. Similar results can be found in the litera-
ture about other vaccines [12,13] and testify the importance of
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carefully assessing the efficacy of messages’ formulation for a
specific audience before implementing public health campaigns.

Our work offers meaningful contributions to the study of public
health campaigns. Findings from previous research point out that
health care providers and public health experts are among the
most trusted sources of vaccination information for the general
population [14] and parents [15]. This is also confirmed in the pre-
sent study, where 70 % of Italian parents and 83 % of British parents
reported trusting health experts (GPs, local pharmacies, local
health care centers, public health experts) the most on COVID-19
vaccine-related information. Therefore, health practitioners should
be engaged to inform parents about the risks in children contract-
ing COVID-19, to enhance the impact of such a message.
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Fig. 2. Kernel empirical and nested RD plots of vaccination intentions among non-parents in Italy (left) and UK (right), comparing risk-treated and controls (top), herd-
immunity-treated and controls (bottom). Estimates of RD are presented with 95 % CI.

As for the exact content of such messages, we recommend pro-
viding data about the disease severity for children (i.e., incidence of
infection, hospitalization and death) similarly to our risk survey
message (see S4). This neutral wording had a positive impact
among the respondents in our sample, in contrast to communica-
tion strategies eliciting sentiments of fear through more suggestive
wording, which have been proven to negatively affect parents’
willingness to vaccinate children [13].

Our study also supports prior findings [16,17] when showing
that fear of potential vaccine side effects is the key reason for child-
hood vaccine hesitancy across countries. Indeed, fear of negative
health consequences was the top reason motivating reluctance
for 37 % of parents in Italy, and 39 % in the UK, compared to 29 %
and 30 % of non-parents in Italy and the UK respectively. Further
research is thus needed to explore the effect of information treat-
ments correcting misbeliefs about risks associated with vaccinat-
ing children against COVID-19 [13].

Differently from previous studies on vaccine hesitancy, we
recorded the outcome on a continuous scale, and make use of a
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flexible non-parametric tool to detect significant differences
between groups across the entire distribution. More traditional
statistical techniques comparing summary measures (i.e., mean,
median) were not meaningful for a distribution polarized on the
extremes. On the other hand, dichotomizing the outcome variables
would have resulted in a loss of information, struggling to capture
the complex treatment effect in our case, especially among parents
(see S5).

The present study has few limitations. Firstly, vaccination
intentions are subject to rapid change over time [18] and might
differ from actual uptake. Beyond the positive results on the
propension to accept or recommend vaccination right after expo-
sure to the treatment, future studies should assess whether the
registered beneficial effect translates into effective higher uptake
in the long term. Moreover, while we proposed alternative infor-
mation treatments to each respondent, the impact of combined
messages could be explored, as public health campaigns imple-
mented in real life are likely to provide more complex and compos-
ite messages. Lastly, repeated exposition to the message, and
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exposition trough other media could be assessed as an alternative
to a one-time treatment.

5. Conclusion

This study contributes to deepen our understanding of how
public health campaigns should be designed to influence inten-
tions to vaccinate children. Importantly, we find evidence that
information messages should be formulated differently based on
the target population. Previous research has highlighted the impor-
tance of emotions, such as risk [19] or altruism [1] but has gener-
ally overlooked the role of specific messaging for specific targets.

Moreover, in a polarized population, such as parents of young
children, we find a limited impact of the survey treatments. Their
effectiveness could be enhanced by involving health experts in
the public information campaigns, as parents consider them to
be highly trustworthy sources for vaccine-related information.
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