Marini et al. BMC Public Health ~ (2024) 24:1111 BMC Public Health
https://doi.org/10.1186/512889-024-18511-z

Check for
updates

| want to be safe: understanding the main
drivers behind vaccination choice throughout
the pandemic

Marco Marini'", Alessandro Demichelis', Dario Menicagli', Giovanna Mancini', Folco Panizza', Ennio Bilancini' and
Gustavo Cevolani'

Abstract

Background Despite being a major advancement in modern medicine, vaccines face widespread hesitancy and
refusal, posing challenges to immunization campaigns. The COVID-19 pandemic accentuated vaccine hesitancy,

emphasizing the pivotal role of beliefs in efficacy and safety on vaccine acceptance rates. This study explores the

influence of efficacy and safety perceptions on vaccine uptake in Italy during the pandemic.

Methods We administered a 70-item questionnaire to a representative sample of 600 Italian speakers. Participants
were tasked with assessing the perceived effectiveness and safety of each vaccine dose, along with providing reasons
influencing their vaccination choices. Additionally, we conducted an experimental manipulation, exploring the effects
of four framing messages that emphasized safety and/or efficacy on participants' willingness to receive a hypothetical
fourth vaccine dose. Furthermore, participants were asked about their level of trust in the scientific community and
public authorities, as well as their use of different information channels for obtaining COVID-19-related information.

Results Our study reveals a dynamic shift in vaccine efficacy and safety perceptions throughout the COVID-19
pandemic, potentially influencing vaccination compliance. Initially perceived as more effective than safe, this
assessment reversed by the time of the third dose. Beliefs regarding safety, rather than efficacy, played a significant
role in anticipating future vaccinations (e.g., the booster dose). Safety-focused messages positively affected
vaccination intent, while efficacy-focused messages showed limited impact. We also observed a changing trend in
reasons for vaccination, with a decline in infection-related reasons and an increase in social related ones. Furthermore,
trust dynamics evolved differently for public authorities and the scientific community.

Conclusions Vaccine perception is a dynamic process shaped by evolving factors like efficacy and safety perceptions,
trust levels, and individual motivations. Our study sheds light on the complex dynamics that underlie the perception
of vaccine safety and efficacy, and their impact on willingness to vaccinate. We discuss these results in light of
bounded rationality, loss aversion and classic utility theory.
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Introduction

In March 2020, the World Health Organization declared
Sars-Cov-2 a pandemic [1]. To immediately address the
high number of hospitalizations and deaths, institutions
worldwide implemented Non-Pharmaceutical Pub-
lic Health Interventions (NPHIs), such as stay-at-home
orders, social distancing, travel restrictions, and lock-
downs [2-4]. At the same time, some pharmaceutical
companies pursued the development of vaccines against
COVID-19 [5]. The BioNTech/Pfizer, Moderna and
AstraZeneca vaccines received approval from the Euro-
pean Medicines Agency (EMA) in December 2020 [1].
Afterward, the vaccination campaign in all EU member
states began on 27 December 2020 [6]. The first vaccina-
tion cycle (the first and second dose) included two doses
administered a few weeks apart (usually 3-12 weeks;
[7]). As the pandemic progressed and new virus variants
emerged, most European countries responded by imple-
menting additional booster doses [8] to combat the rising
epidemiological curve (Fig. 1).

Despite the overwhelming evidence demonstrating
the public health benefits of vaccines, vaccine hesitancy
has become an increasingly pressing concern on a global
scale [9]. The WHO defines vaccine hesitancy as the “[...]
delay in acceptance or refusal of vaccines despite avail-
ability of vaccination services” (WHO, 2021). Vaccine
hesitancy is a multi-faceted phenomenon, which raises
a series of ethical, social, epistemic, and psychological
challenges [10]. It was an issue present even before the
pandemic, but with COVID-19 it came to the fore world-
wide. Specific attitudes towards COVID-19 vaccination
have been influenced by several factors: pre-existing
opinions towards vaccination [11], perceived risks and
benefits associated with the vaccine [11], trust in authori-
ties and scientific community [12], acquaintances’ opin-
ion [13], common doubts about vaccine development and
approval process [14], and socioeconomic factors [15].

For all the above reasons, understanding vaccine hesi-
tancy and its determinants is not an easy task. However,
it is now clear that the perception of the safety and effi-
cacy of the vaccines is an essential factor influencing vac-
cination choice, and that concerns about the vaccine’s
safety and efficacy are among the main drivers of vacci-
nation refusal or delay [16, 17]. Accordingly, the present
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cross-sectional study focused on COVID-19 vaccine
safety and efficacy perception and tried to assess their
influence on the acceptance of vaccines in Italy during
the pandemic. A preregistered survey investigated safety
and efficacy perceptions of COVID-19 vaccine doses
among 600 Italian speakers. Participants were also ran-
domly assigned to read one of four messages to under-
stand how efficacy and safety perception influenced their
willingness to receive a new dose. In addition, we retro-
spectively investigated how internal and external rea-
sons shaped vaccination decisions during the pandemic
and how trust in public authorities and scientific com-
munities evolved as crucial factors modulating vaccine
perception.

Understanding willingness to vaccinate in the
COVID-19 pandemics

Recent research has increasingly illuminated the reasons
and determinants of vaccination choices [18, 19]. The
resulting picture is a nuanced one, highlighting a num-
ber of different factors both promoting and hampering
willingness to vaccinate. In this section, we briefly dis-
cuss the most important factors affecting the vaccination
campaign against COVID-19, as motivating our choices
in designing the survey. The COVID-19 pandemic rep-
resented an extraordinary event due its global diffusion
and prolonged duration. The active involvement of the
world population in the prevention and mitigation of this
emergency, along with the roles played by international
and national health systems, highlighted the fundamen-
tal relevance of social context and psychological drivers
in ensuring an efficient understanding and response to
face this type of phenomenon. During the period of our
study, Italy had already administered the first booster
dose of the vaccine to a significant portion of the popu-
lation (68%; https://www.salute.gov.it) and had initiated
the administration of the second booster dose, primar-
ily targeting elderly and vulnerable individuals. At that
time, Italy was contending with the emergence of evolv-
ing variants of the virus, (i.e., the Omicron variant),
which underscored the urgency of progress in the vac-
cination campaign. While traditional and social media
consistently emphasized the importance and neces-
sity of the second booster doses, the Ministry of Health
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Fig. 1 Covid-19 Vaccine Doses and Scheduling in Italy. The figure illustrates the different doses of the vaccine along with their scheduling. Each colored
line represents a different dose schedule, with corresponding labels indicating the number of doses and the time intervals between them
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recommended vaccination for individuals over 60 or
those considered frail, yet lacked a definitive mandatory
directive (https://www.salute.gov.it). Media coverage and
public discourse remained heavily focused on vaccina-
tion efficacy and the imperative of achieving widespread
immunity to mitigate the virus’s transmission and poten-
tial impact on public health and the economy.

Perception of the safety and efficacy of the vaccines

Starting with our main focus, efficacy and safety per-
ception is one of the main drivers of vaccination choice
[20-22]. During the pandemic many studies proved
that perceived risk and concerns regarding the safety
and efficacy of the vaccines had been the primary fac-
tors that influenced the acceptance of new vaccines (for
a review, see [23]). Recent findings suggested that the
decline in vaccination intentions may be linked to both
exposure to COVID-19 misinformation and public con-
cerns about vaccine safety [24]. Similarly, concerns about
vaccine safety represented the main reasons behind vac-
cine refusal [25, 26]. These concerns appear to be rooted
in the rapid development of COVID-19 vaccines, limited
information available, and anxieties about mild and tran-
sient side effects. Conversely, other studies propose that
the perception of efficacy plays a crucial role in the deci-
sion to accept a vaccine [27, 28]. The pivotal role of these
two concepts has been widely recognized. However, very
little is known about the diachronic evolution of citizens’
efficacy and safety perceptions and how these factors
have changed over time, affecting vaccine uptake rates.
To date, several studies have shown that vaccine com-
pliance varied depending on the stage of the pandemic
[29]. However, a first measurement problem is related
to the time when efficacy and safety perceptions were
recorded (i.e., before or after the vaccine launch). Specifi-
cally, variations in individuals’ willingness to receive the
vaccine may be influenced by the timing of their percep-
tions. Indeed, during the initial peak phase of the pan-
demic, individuals may have been more willing to receive
the vaccine. Nevertheless, once the vaccine was released,
their concern about its safety could have changed their
attitude [22]. Secondly, it has been shown that fluctuation
in vaccine efficacy perception was associated with a con-
siderable variation in the level of acceptance of COVID-
19 vaccines [30]. For example, confidence in vaccine
efficacy (and not safety) was also found to be the main
predictor of vaccine intention among Italian nurses (32;
for an opposite result, see 0). To the best of our knowl-
edge, there is no clear trend regarding the influence of
safety and efficacy perception on the willingness to vac-
cinate. For example, confidence in vaccine safety and
efficacy has improved over time [33] but after the release
of the booster doses, safety (mis)perception was still the
main driver for vaccination hesitancy [33]. Worryingly,
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a study by Wang and colleagues [30] reported a general
decrease in vaccine perceived safety during the third
wave conjoined with a decrease in the willingness to
vaccinate. Similarly, the protracted debates surrounding
vaccination have significantly impacted people’s overall
attitudes toward vaccines, resulting in increased skepti-
cism regarding their efficacy [35]. Nevertheless, given
how the COVID-19 vaccine development was rushed due
to the exceptional circumstances, the perception of insuf-
ficient testing undermined confidence in their efficacy
and safety [36]. These fluctuations in vaccine perceptions
may offer insights into understanding changes in vaccina-
tion rates over time. These findings highlight the complex
and evolving nature of vaccine attitudes and underscore
the need for ongoing research not to merely be satisfied
with an analysis of the factors influencing vaccine deci-
sion-making, but also keep in mind the temporal evolu-
tion of them. To comprehensively analyze such expected
discrepancies at different points in time, we investigated
how vaccine safety and efficacy perception has evolved
among different doses. In our cross-sectional study, par-
ticipants were asked to report their perceived safety and
efficacy of the vaccine at the time of each dose adminis-
tration. Therefore, our study is aimed at building on and
expanding those previous works by trying to understand
how the perception of efficacy and safety changed during
the vaccination campaign.

Framing safety and efficacy and its impact on willingness
to vaccinate

To date, numerous behavioral interventions have been
implemented to mitigate vaccine hesitancy [37]. Some
of the most used behavioural interventions are those
that seek to modify the context in which decisions are
taken. This “choice architecture” has been modified in
several ways, such as the use of (non-) monetary incen-
tives [38], default options [39], manipulation of the type
and source of information (i.e., the protection against
diseases, the potential to save lives, the positive impact
it can have on public health, and the safety of the vaccine
[25, 40]). Several types of manipulation are built using
the so-called Prospect Theory. First proposed by Kahne-
man and Tversky [41], this theory posits that individuals,
when facing a decision with outcomes that can be trans-
lated in gains and losses, treat those two outcomes in an
asymmetrical way. Averting a loss is, on average, a stron-
ger motivator than seeking a gain. This implies that the
same information, presented (“framed”) in a format that
emphasizes loss or gain, could have different impacts on
vaccine uptake. COVID-19 vaccination campaigns were
not different in that regard [42-45]. Loss-framed infor-
mation, which emphasizes the probability of contracting
the virus, proved to be more effective than gain-framed
messages in increasing people’s risk perception [46—49],
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in most, even if not every, study [50]. Keeping the impli-
cation of prospect theory in the background allows to
disentangle the impact of two elements that are often
considered together in studies on vaccine hesitancy: effi-
cacy and safety. However, efficacy can be considered a
measure of how much benefit one can gain from taking
a vaccine, and safety is a measure of how little harm is
carried by the decision to vaccinate. Of the several inter-
ventions considered in the literature, to the best of our
knowledge, no study tested the effect of messages that
focus on just the safety or the efficacy of the vaccine and
the present study aims at filling this gap.

Internal and external reasons behind vaccination choice
When studying the decision to get vaccinated it is impor-
tant to consider the intrinsic motivations that drive an
individual choice [51] and can modulate the safety and
efficacy perception of the vaccine [52]. These motiva-
tions can be broadly classified into two categories: inner
and outer factors [53, 54]. Inner factors are based on
self-regarding reasons, such as wanting to protect one-
self from the virus and reduce the risk of contracting
COVID-19. Outer factors are more social and other-
regarding in nature, for example, wishing to protect oth-
ers from the virus by reducing the spread of COVID-19
[55]. Additionally, individuals may feel pressure from
their social networks to receive the vaccine [56]. People
attitudes and behavior towards vaccine uptake are also
influenced by their perception of social norms, particu-
larly those derived from close relationships. For example,
the favorable behaviors of friends and family members
predicted an alignment with their choices [58, 59]. Simi-
larly, the expectation of the general vaccination rate
among others was found to impacted people willingness
to vaccinate [13]. In summary, social norms play a crucial
role in determining an individual’s decision to vaccinate,
and peer influence can amplify this effect [59].

Trust, and its epistemic and intrinsic consequences

Trust is relevant because it represents a crucial fac-
tor in vaccine compliance [60]. It enables individuals to
evaluate the safety and efficacy of the vaccine, based on
the reliability and trustworthiness of both the scientific
community that produced the vaccine, and the institu-
tional authorities that oversee vaccination campaigns
[61, 62]. Furthermore, in the context of COVID-19, the
rapid development of vaccines and the rigorous measures
adopted have further eroded people’s trust [63]. However,
it should be kept in mind that trust in institutions and
trust in the scientific community have different traits,
and influence people in different ways. On one hand,
public authorities are expected to be trusted because of
their role in serving and protecting individuals. As shown
by Sapienza and Falcone [64] trust in public authorities
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is in turn shaped by the complex relationship between
the trustor and trustee in which the former imposes
measures on the latter. On the other hand, the scientific
community is expected to be trusted because of their
specialized knowledge and expertise in their field [65].
Indeed, trust in the scientific community can be seen as a
robust predictor of vaccine compliance, and it should be
prioritized once a vaccine becomes available [66]. More-
over, the process of building and losing trust is dynamic
and ever-changing. While at the beginning of the pan-
demic there was a general “trust boom” towards both
public authorities and scientific community, a corre-
spondingly rapid decrease was observed with the evolv-
ing information on vaccines and changing government
policies during the pandemic [67, 68].

The present study
Our intention was to provide an overview of Italy’s fourth
dose COVID-19 vaccination intention rate, as of May
2022. Accordingly, we measured the time-sensitivity of
crucial factors on the willingness to vaccinate during the
vaccination campaign, as well as the safety and efficacy
vaccine perception, the trust in the scientific community
and government, the self- and other-regarding reasons
and the social norms leading to the vaccination decision.
Given that the number of infected individuals did
not substantially decrease over time, despite a gradual
increase in the number of vaccinated people, we expected
a decline in the vaccine’s perceived efficacy over time
while anticipating an increase in safety perception. Addi-
tionally, drawing upon the principles of prospect theory
[41], wherein the fear of facing adverse side effects may
be a more compelling motivation than the achievement
of global immunity, we hypothesized that messages high-
lighting the absence of risks would result in a greater will-
ingness to receive the fourth dose compared to messages
emphasizing vaccination benefits [69]. As vaccine effec-
tiveness perception declined, we also expected a decrease
in COVID-19-related concerns but an increase in per-
ceived social pressure. Lastly, our investigation into trust
evolution aligned with prior research [70] which sug-
gested a significant decline in trust towards institutional
authorities compared to the scientific community, mainly
due to the increasing reservations about how institutions
have managed the crisis in Europe.

Methods

Participants

We conducted an online survey on Qualtrics.com
between October 25 and October 31, 2022, with a strati-
fied sample of Italian native speakers (N=600). The
present study design was preregistered prior to begin-
ning data collection (https://osf.io/k3dt2). Participants
were balanced on age clusters, sex (F=248), educational
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Table 1 Sample characteristics Table 2 Main research questions
Male % Female % Total Research questions Variables
(49%) (50%) % 1.Change in the safety and efficacy perception  Efficacy in | and I

Age between different doses (preregistered research ~ Safety in I and Il

18-30 15.8 16.7 16.3 question)

31-40 221 215 218 2. The effect of the framing on the willingness to 4 b-subjects condi-

41-50 213 203 208 vaccinate (preregistered hypothesis) tions (EC; SF; ESC; CQO)

51-60 196 199 198 Yaccination intention

&availability

60 213 21 214 3. Diachronic evolution of personal motivation ~ Covid-related & so-
Level of education behind vaccination choice cial pressure reasons

Middle school or lower 22.7 282 25.5 inlandlll

High School Diploma 360 403 382 4. Diachronic change in trust attribution among  Trust in the scientific

Bachelor's degree or higher 413 315 364 producers and guarantees (preregistered community & public
Geographical distribution research question) authorities

Northern Italy 36.5 28.7 326

Central Italy 315 368 342

Southern Italy/islands 320 344 332 for >85% of the items in more than 1 Likert scale (with
Covid contagion reversed items) suggesting inattentive responses; f) inco-

Yes 579 502 516 herent answers in following questions about the vaccina-

No 471 498 485 tion outcome (preregistered; 7 participants). The present
Green pass Certificate research obtained ethical approval from the ethical com-

Yes 84.6 794 82.0 mittee of the University of Siena (16/2021) and was devel-

No 154 206 180 oped following the American Psychological Association
Number of doses guidelines for behavioral ethical research.

0 14.0 185 16.3

2 1.2 125 1.9 Hypotheses

3 74.8 69.0 719 The current research project investigated the citizen per-

level (Middle school or lower; High School Diploma;
Bachelor’s degree or higher), and region of recruit-
ment (Northern, Central, and Southern Italy). The main
sociodemographic characteristics of the sample are sum-
marized in Table 1. At the moment of data collection,
many European countries had just started administering
the IV dose (or second booster dose). In Italy, 84% of the
population was vaccinated, and 68% received both the
first and third doses (i.e., they were fully vaccinated). A
pilot study was previously conducted (N=90) to provide
a general indication for developing an accurate experi-
mental design. Participants for the present study were
recruited via an incentivized online panel specialized
in data collection in Europe (Bilendi.com). After data
screening, 108 (18%) participants were excluded from
the sample according to the following exclusion criteria:
(a) failure to provide informed consent to participate (1
participant); (b) incompletion of the survey (pre-regis-
tered; 10 participants); (c) time for completion (6 partici-
pants took too long and 62 participants took too short to
conclude the survey; < 210 s for the short version of the
survey or 300 s in the full-length version; timing thresh-
old followed pilot indications and experimenter trials.
This criterion was not included in the preregistration,
but it became necessary due to the numerous expedited
responses received); e) repeated responses across trials
(preregistered; 22 subjects selected the same response

ception of the vaccine during the pandemic with four
main preregistered research questions (see Table 2):

1. Evolution of the perceived safety and efficacy. Our
first aim was to explore the diachronic evolution
of the vaccine’s perceived safety and efficacy
regarding the previously administered doses (I and
II; I1I). Specifically, we anticipated a decline in the
perception of vaccine efficacy over time as the rise
in the number of vaccinated individuals did not align
with the trend of infection cases. That is, the fact that
the number of infected people did not substantially
reduce over time would have cast doubts about
the vaccine’s efficacy. However, we assumed that
the gradual increase in the number of vaccinated
people and the choice to continuously adhere to
the vaccination plan was mainly supported by an
increased perception of vaccine safety (preregistered
RQ1).

2. Framing effect. In addition, our experimental
manipulation aimed to examine how various
messages impact the willingness to adhere to the
vaccination schedule, specifically by receiving the
fourth (II booster) dose administration. Building
on the principles of gain-loss asymmetry and
prospect theory [41], we hypothesized that messages
emphasizing the absence of vaccination-related risks
(Safety condition) would lead respondents to be
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more inclined to receive the fourth dose compared to
messages that focused on the potential benefits of the
vaccination (Efficacy condition) (preregistered H1).
3. Reasons behind vaccination. Secondly, we aimed
to investigate how the reasons for choosing to get
vaccinated evolved during the pandemic. Specifically,
we hypothesized that as the perception of vaccine
effectiveness declined, the motivations for getting
vaccinated due to COVID-19-related concerns
would also decrease. However, we anticipated that
the introduction of a mandatory GP certificate
during the third dose administration period for
engaging in work and social activities would increase
the perceived social pressure to get vaccinated (H2).
4. Trust evolution. Lastly, we explored the diachronic
evolution of trust among public authorities and the
scientific community. In line with previous studies
[71], we hypothesized a greater decrease in the
trust in vaccine guarantors compared to the trust in
vaccine producers (preregistered RQ2).

Survey structure and measures

An anonymous, 70-item preregistered questionnaire was
developed and hosted on Qualtrics, a website that col-
lects survey responses online. The average duration of the
survey was 10 min (SD=9.35 m). Participants could reach
the survey from their laptops or smartphones via a link
valid for a single use. The first page of the questionnaire
provided a general overview of the study, its main objec-
tives, and its instructions. Participants were asked to pro-
vide their consent to participate before proceeding. The
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1. Demographic information: the main socio-

demographic data were collected at the beginning
of the survey. Participants answered questions
about age, gender, geographical origin, education
level, employment type, annual income, and flu
vaccination.

. Covid-related information: All participants were
profiled to evaluate their compliance with the
vaccination campaign. Specifically, they answered
questions about the number of received COVID-

19 vaccine doses (Fig. 1), whether they had
contracted the virus, and if they had obtained the
European Green pass (GP) certificate. GP was a
digital document mandatory from December 2021
to December 2022 to carry out work and social
activities, issued by the Ministry of Health, attesting
compliance with the vaccination plan.

. Vaccine perception and reasons behind vaccination:
depending on the participant profile, each
respondent answered two questions about the
perceived safety and efficacy of the vaccine at the
time of each dose administration (I and III doses;
i.e., “When I received the first/third dose of the
COVID-19 vaccine, I thought the vaccine was
safe/effective”) using a 4-point Likert scale (from
“strongly disagree” to “strongly agree”). Subsequently,
five items investigated the reasons behind the
vaccination choice for each dose (I and III) in terms
of (a) contagion-related reasons (“I did not want to
get the virus”; “I did not want to infect other people”
I dose a =0.86; III dose a=0.80); (b) social (pressure)
reasons (“I did not want to be judged by others”; “My

questionnaire was divided into the following six main acquaintances had been vaccinated”; “My colleagues
sections (Fig. 2):
. . ! 4. Y N
1. Demographic information ' Framine on 1 4a.
& : g : Willingness to get the
.. IV Dose )
2. Vaccination profile ) : : IV dose
| | +
1 Efficac 1
4 3a. N ( Reasons behind ) : Y y, : 3 IR
Efficacy and vaccination I N | V .
Safet ) choice ! ! acene
y ! Safety 1 Public authorities
- - - - J1 .. .
\__-Dosel- ) Dose I A 1 | Scientific community
1 1
Efficacy &
( 3b. N ( Reasons behind h : ./ : v
S PL Safety
Efficacy and vaccination : : 6.
> R 1 ~ !
Safety choice I . I Source of
I I . .
\_ -Doselll- ) | = -Doselll- ), Ji indormation

Fig. 2 Survey structure and experimental conditions
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had been vaccinated”; I dose o =0.80; III dose
a=0.82).

4. Information conditions regarding safety and efficacy
of the IV (or II booster) dose: before expressing the
willingness to get the fourth dose of the vaccine,
participants who received the three previous doses
were randomly assigned to one of four experimental
conditions in which they read different information
about the last vaccine dose available:

« Efficacy condition (EC): In EC, subjects were
informed that “The latest data available to the
scientific community that have been published in
the New England Journal of Medicine, one of the
most authoritative international scientific journals,
highlighted the high Effectiveness of the Fourth Dose
in protecting against the contagion from COVID-19”.
This condition highlighted the efficacy of the fourth
dose.

«+ Safety condition (SC): SC specified that “The latest
data available to the scientific community that have
been published in the New England Journal of
Medicine, one of the most authoritative international
scientific journals, highlighted the high Safety of the
Fourth Dose concerning the onset of side effects”.
This condition highlighted the safety of the fourth
dose.

« Efficacy and safety condition (ESC): ESC
reported both previous information (EC; SC) in a
counterbalanced order.

« Control condition (CC): CC specified that the
research community has already collected the
efficacy and safety data about the fourth dose, and
they will soon be available also to the non-scientific
community.

Immediately after the framing (i.e., information condi-
tions), participants indicated their intention to get the
fourth (or second booster) dose of the vaccine through
two consecutive questions: a) using a 4-point Likert scale
(from “strongly disagree” to “strongly agree”) to answer
the question “I will take the fourth dose of the vaccine
as soon as possible”; this question provided a direct
response regarding participants’ willingness to take the
fourth dose. b) specifying, using an ordinal 7-point scale,
“In which case would they be willing to get the fourth
dose?” (from “I've already got it” to” I am not willing to
get the fourth dose”); this question explored the condi-
tions under which participants might consider getting
the fourth dose.

5. Trust assessment: within this section, participants
responded to two different Likert scales on their
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trust in (a) the scientific community (ScC) and (b)
public authorities (PA). The two scales evaluated
participants’ (i) general trust in terms of competence,
reliability, intention, (PA a=0.89; ScC a=0.88); and
(ii) COVID-19 related trust encompassing aspects
such as vaccine overestimation, corruption, and loss
of trust (PA a=0.88; ScC a=0.88). The two scales
were adapted from a previous study [67] by adding
two items (“Vaccines are not as effective as the public
authorities/scientific community claimed at an early
stage of the pandemic”; “I progressively lost trust in
the public authorities/scientific community over the
course of the pandemic”) measuring the change in
trust attribution during the pandemic. Subsequently,
we explored the participants’ opinions on vaccines
in general through a 10-item scale (ot=0.92; aVHS;
[72]). The tree scales of this section were presented
in a randomized order.

6. Source of information: this last section investigated
the frequency of use of 8 different sources of
information channels: Acquaintances, colleagues,
traditional media, social networks, the internet
(YouTube and blogs), the scientific community, and
government channels.

Statistical analyses

IBM SPSS 26 [73] was used for main statistical analy-
sis. The effect sizes were provided by using the n value
(eta squared for ANOVA statistics). We set the signifi-
cance to a=0.05. All variables were tested for normality
by the Shapiro—Wilk test and homoscedasticity by the
Levene test. In case of violation of parametric analysis
assumptions, the Z score for large samples was com-
puted by referring to the skewness and kurtosis measures
for determining the normality distribution [74]. All the
ANOVA post-hoc comparisons were corrected using
the Bonferroni correction and were investigated upon a
significant main effect or interaction. The path analysis
reported the path coefficient in the standardized form
(B), the relative Standard Error (S.E.), the statistical sig-
nificance (pvalue), and a 95% Confidence interval (95%
CI) for each path.

Results

Once data collection was completed, we verified that our
sample could be comparable with the general Italian pop-
ulation as regards vaccination rates. Most of our sample
(84%) received at least one dose of the vaccine (vs. 84% of
the Italian population), and 72% completed the vaccina-
tion course (I, II, and III doses; vs. 68% of the Italian pop-
ulation, as reported by www.governo.it at the time of data
collection). Moreover, 51% of our respondents reported
having contracted the virus as compared to the 40% of
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the Italian population. As for the demographic character-
istics, the study sample was balanced by gender, age, level
of education, and geographical provenience (see Table 1).

Our first research question (RQ1) aimed to explore the
diachronic evolution of the perceived vaccine character-
istics during the pandemic. A two-way repeated measure
ANOVA 2 perceived vaccine characteristics (recalled
Efficacy and recalled Safety) x 2-time intervals (I and II
doses; III dose) was conducted on participants’ vaccine
perception (dependent variable). The ANOVA did not
reveal a main effect of the vaccine characteristics (p=.40)
or the doses (p=.91). However, as hypothesized, we found
a robust significant interaction between factors (F (1,
345)=61.14, p<.001, r]p2=0.15, (1-5)>0.99). Interac-
tion post hoc analysis confirmed a significant drop in the
efficacy perception between the first (M=3.42; SD=0.68)
and third dose (M=3.20; SD=0.87; p<.001) and a sig-
nificant increase in the perceived safety between the first
(M=3.22; SD=0.83) and third dose (M=3.42; SD=0.74;
p<.001). In summary, during the first dose administra-
tion, the vaccine was perceived to be more effective than
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safe. However, during the third dose administration, it
was considered to be more safe than effective (Fig. 3).

In order to explore H1 (the different impact of message
framing on the willingness to receive the fourth dose),
we had to exclude participants who had already got the
dose and respondents who did not complete the previous
vaccination plan. Subsequently, a one-way ANOVA was
conducted to analyze participants’ willingness to get the
fourth dose of the vaccine (dependent variable) in the EC
(N=66), SC (N=79), ESC (N=77), and CC (N=79) con-
ditions. The results showed a main effect of the condi-
tion (F (3, 300)=15.59, p<.001, np2=0.14, (1-5)>0.99),
suggesting an impact of the framing on the vaccination
intention. Indeed, post-hoc analysis showed a significant
difference between the safety (SC: M=3.01; SD=0.97)
and efficacy and safety (ESC: M=3.09; SD=0.98) group
vs. the efficacy (EC: M=2.32; SD=1.01) and the control
group (CC: M=2.23; SD=1.04; ps<0.001). Moreover, no
significant differences were found between EC and CC
(p>.99) and between SC and ESC (p>.99). In a nutshell,
messages that highlighted the high safety of the vac-
cine (ES; ESC) were associated with a greater propensity
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Fig. 3 Diachronic evolution of safety and efficacy of the vaccine between the first and third dose administration period. The progression of the pandemic
has led to a decrease in the perception of vaccine efficacy and an increase in the perception of its safety. Error bars indicate 95% confidence intervals;

=xp < 001
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to take the fourth dose. Conversely, the message that
included only efficacy-related information did not
increase vaccination intention (Fig. 4).

Subsequently, to investigate the evolution of the
COVID-19-related and social pressure reasons during
the pandemic (H2), we performed a two-way repeated
measure ANOVA 2 reasons (contagion-related reasons;
social (pressure) reasons) X 2 doses on the latent vari-
ables scores we obtained averaging single reason items.
The ANOVA did not reveal a significant main effect
of the doses (p=.42). Still, it highlighted a significant
main effect of the reasons (F (1, 345)=645.24, p<.001,
r]p2=O.65, (1-P)>0.99) and a significant interaction F
(1, 345)=17.02, p<.001, n,>=0.05 (1-£)=0.98. More
specifically, Bonferroni corrected post-hoc comparisons
proved a significant decrease in COVID-19 related rea-
sons (CrR) between the first (M=3.42; SD=0.79) and the
third dose (M=3.31 SD=0.86; p<.001) and a significant
increase of the social pressure reasons (SpR) (I Dose:
M=1.96; SD=0.87; Il Dose: M=2.05; SD=0.95). Namely,
with the progress of the pandemic, people chose to get
vaccinated less for COVID-19 related purposes and more
for social pressure reasons.
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Secondly, we performed a path analysis with robust
standard errors on 347 respondents with at least III
doses to verify if this pattern was related to a general
change in the safety and efficacy perception. In greater
detail, we computed the difference in the COVID-19
related reasons (CrR at the third dose— CrR at the first
dose) and in the social pressure reasons (SpR at the third
dose— SpR at the first dose) as the dependent variables
and the change in the efficacy and safety perception (Effi-
cacy/Safety at the third dose— Efficacy/Safety at the first
dose) being the explanatory variables (IV). Our model
highlighted an opposite influence of the efficacy change
in building future vaccine motivation. In particular, the
decrease in the efficacy perception was positively related
to a decrease in COVID-19 related reasons (5=0.21,
95% CI [0.13, 0.32], p=.03). On the contrary, a decrease
in the efficacy perception predicted an increase in social
pressure among the doses (£=0.33, 95% CI [0.36, 0.44],
p<.001). Simultaneously, a decrease in the safety per-
ception was associated with an increase in COVID-19
related reasons (5 =—0.19, 95% CI [-0.32, —0.03], p=.02)
and a decrease in social pressure factors (§=0.27, 95% CI
[0.09, 0.33], p<.001).
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Fig.4 Effect of different messages on the willingness to vaccinate. Participants only showed a greater intention to vaccinate when exposed to messages
that contained information about the safety of the vaccine. participants in CC and Efficacy conditions demonstrated comparable vaccination inten-
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Lastly, to examine the different trust among pub-
lic authorities (PA) and the scientific community (ScC;
RQ2), we conducted a preliminary two-way repeated
measure ANOVA 2 trustees (PA and ScC) x 2 trust types
(General turst and COVID-19 related trust) that reported
a main effect of the trustees (F (1, 462)=112.21, p<.001,
r]p2=O.20, (1-/)>0.99) and a main effect of the trust type
(F (1, 462)=155.30, p<.001, r]p2=0.25, (1-5)>0.99). In
general, PA were deemed as less trustworthy than ScC
(MD=-0.24; p<.001), and general trust recorded higher
values than COVID-19 related trust (MD=0.49; p<.001).
A fine-grained repeated measure ANOVA we ran on the
scores of all the items reported that, concerning partici-
pants’ perceptions of COVID-19 related trust, PA and
the ScC had similarly overestimated the vaccine efficacy
(p=18) and were comparably involved in the vaccine
turnover (p=.35). However, what is particularly relevant,
is that the participants’ trust in PA decreased significantly
more as compared to the ScC trust during the pandemic
(MD=-0.35; p<.001).

Discussion

The study extensively explored vaccine hesitancy, with a
particular emphasis on elucidating the dynamics asso-
ciated with the perceived safety and efficacy of the vac-
cine amid the backdrop of the COVID-19 pandemic.
Our study investigated the diachronic evolution of the
perception regarding vaccine characteristics, revealing a
noteworthy shift in recalled perceptions of efficacy and
safety across different doses. Specifically, our subjects
recalled a decline in efficacy perception and a simultane-
ous increase in safety perception when they referred back
to their past vaccination decisions. Building up on that
element, our findings underscored the role of messages
emphasizing heightened vaccine safety in increasing indi-
viduals’ willingness to vaccinate as compared to those
focusing on a high vaccine efficacy, which failed to elicit
a similar effect. Additionally, an investigation into the
temporal evolution of COVID-19-related and social pres-
sure reasons revealed a significant decrease in COVID-
19-related motivations alongside a parallel increase in
motivations influenced by social pressure. Lastly, the
examination of trust in public authorities (PA) and the
scientific community (ScC) disclosed not only a percep-
tion of PA as less trustworthy than ScC but also a notable
decrease in trust in PA compared to trust in ScC over the
course of the pandemic. These findings contribute valu-
able insights into the intricate interplay of vaccine per-
ceptions, messaging, motivations, and trust dynamics
within the continually evolving context of the COVID-19
pandemic.
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Perception of the safety and efficacy of the vaccines
Within the vaccine hesitancy debate, concerns about
the safety and efficacy of vaccines proved to be some of
the most prominent drivers of vaccine refusal or delay
[19]. In our study we retrospectively investigated the
diachronic evolution of the vaccine’s perceived safety
and efficacy throughout the pandemic. Our findings
showed that if the vaccine perceived efficacy decreased
as the pandemic progressed, the increase in the number
of administered doses was associated with an increased
perception of vaccine safety. What are we asking is: why?
Our data are compatible with an explanation that can be
modeled with classic utility theory [75]. At the beginning
of the pandemic, the risk carried by catching COVID-19
was high [76]. Reports of hospitalization, suffering, and
death made the disease a terrifying perspective for many
[77]. In this context, the efficacy of a new vaccine was an
extremely salient feature, given how high were the costs
of catching the disease. Safety, on the contrary, was less
salient (even if still quite relevant), given how the oppor-
tunity costs of not getting vaccinated could trump the
danger of incurring in Adverse drug reactions(ADR).
However, as the pandemic unfolded, this situation
evolved. The key factor here is that vaccination was car-
ried out on several different doses [78].

For each dose received, the perception of importance
of subsequent doses (or, if you prefer, their marginal util-
ity) was reduced [79, 80]. A clarification with fictional
numbers: if one person thinks that with the first dose she
would obtain protection by a factor of 50, with the sec-
ond dose by 75, and with the third dose by 90, it would
mean that, roughly, the correspondent perceived impor-
tance of each dose would halve for each following inocu-
lation. Moreover, the rising occurrences of increasingly
common harmless reinfections, often with mild symp-
toms, may have negatively influenced individuals’ per-
ceived necessity for additional vaccine doses. Safety, on
the other hand, would see its importance increased with
each dose, because the probability of ADR could be seen
as increasing and cumulative with each subsequent dose.
Even if it is not seen as cumulative, the associated poten-
tial of ADR that can be considered acceptable for a live-
saving vaccine can be deemed unacceptable for a dose
that covers a situation deemed not anymore life-threat-
ening. Additionally, the positive experiences reported by
individuals and their acquaintances with each vaccine
dose might have contributed to the reassuring perception
of safety over the long term. The accumulation of mostly
positive experiences could have played a role in shaping a
favorable view of vaccine safety.
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Framing safety and efficacy and its impact on willingness
to vaccinate

The purely experimental section of our study explored
the role of efficacy and safety in shaping willingness
of future vaccination. The effect we observed was that
the influence of a communication based on the efficacy
was negligible, whereas safety played an impactful role.
Among the vaccine features we presented, the primary
concern of potential vaccine candidates turned out to
be its safety. Our results showed that providing positive
information on the next dose’s safety (i.e., the small num-
ber of side effects and their low relevance) significantly
increased people’s willingness to vaccinate compared to
messages emphasizing the new dose’s excellent efficacy
(in preventing contagion). What is even more interest-
ing is that messages that reported both efficacy and safety
information did not show a higher willingness to vac-
cinate compared to messages that included only safety
information. Spinning vaccine efficacy in a positive light
did not affect vaccination compliance; The only thing that
mattered was the vaccine’s safety. In short, those who
expressed their willingness to get vaccinated increasingly
cared just to be safe.

An explanation of this effect may be provided in terms
of prospect theory [41, 81]. Specifically, it underlines the
loss-gain asymmetry, which states that there is a cogni-
tive tendency to express a preference in avoiding losses
over acquiring equivalent gains. In the aforementioned
scenario, at the beginning of the pandemic there was a
lot to lose by missing out the vaccine, provided that the
vaccine was effective. Correspondingly, the gains of not
getting a vaccine to avoid ADR were not adequately rel-
evant. The more doses were taken, however, the more
this framework switched: if the vaccine was effective,
there was something to gain from getting more doses,
but if the vaccine was not safe, there was something to
lose from each subsequent inoculation. In a nutshell, the
advantages brought about by the vaccine turned out to be
much less salient and conditioning than its possible dis-
advantages. Framing information in the most effective
way, one that takes into account the loss-gain asymmetry,
is therefore particularly important. During the pandemic,
public immunization campaigns in most western coun-
tries focused much more on vaccine efficacy, rather than
vaccine safety, despite contrary early indications [82]. If
it could be argued that at the beginning of the campaign
this could have been the correct strategy, it has lost its
grip later on. Public communication should adapt not
just the content of its messages, but also its focus, with
the evolution of events. This should be regarded as an
important insight for future vaccination campaigns.
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Internal and external reasons behind vaccination choice
Our exploration of the inner reasons behind the decision
to vaccinate revealed results in line with our hypotheses
and expectations. Whilst “COVID-19 related reasons”
decreased in importance as the vaccination campaign
was unfolding, the relevance of “social pressure reasons”
progressively increased. Interestingly, if a decreased effi-
cacy perception reasonably predicted a reduction in
COVID-19 related reason and an increase in social ones,
an increase of the safety during the third dose adminis-
tration was associated with an increase of the influence of
the social-related aspects, and a decrease of the impact of
COVID-19 related aspects.

A possible explanation is that the concept of “vaccine
safety” is certainly built upon the numerical threshold
and data provided by researchers, but it could also be
represented as a sort of socially constructed concept. For
a layperson, efficacy can be gauged intuitively on a per-
sonal level by considering whether the disease is or is not
caught after inoculation. On the contrary, judgment of
safety (especially safety on medium/long term) is an ines-
capably statistical data. Therefore, a layperson has to rely
much more on the “wisdom of the crowd” to intuitively
gauge the safety of a vaccine. It follows that the process
that leads to forming an opinion on how safe a vac-
cine is, is also the result of a process of social construc-
tion. That leads to the conclusion that with the increase
of the importance of safety, we observe a correspond-
ing increase in relevance of social-related aspects (see
also [83]). Ergo, with a personal judgment of high safety
comes the social expectation that others have the respon-
sibility to vaccinate themselves, or at least to deem safety
as high as one does. Consequently, COVID-19 related
aspects become less relevant because there are other
aspects that start playing a role in the equation.

Trust, and its epistemic and intrinsic consequences

To encompass the plurality of potential causes of vaccine
hesitancy, we have recently seen a shift in understating
vaccine hesitancy from a model purely based on Infor-
mation, called the Information- or Knowledge-Deficit
Model, to a causation model that takes trust, and the lack
of it, as a central aspect, around which an entire galaxy
of intertwined questions pivots [71, 84, 85]. Moreover, a
recently emerged consensus places lack of trust as one of,
if not the, main factor behind vaccine hesitancy [86].

The most interesting result provided by a retrospec-
tive diachronic analysis of trust trends is not that trust
decreases with the passage of time, but that trust in insti-
tutional agents decreases more than trust in the scientific
community. This is yet another piece to consider, in light
of the lively debate that has sparked over the question
of what was more relevant in shaping compliance with
medical policies between trust in public institutions or
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trust in science [87, 88]. This result can be explained in
the light of two different aspects of trust, namely epis-
temic trust, and intrinsic trust (also known as reliability,
see [65]). Placing high epistemic trust in someone means
to consider its knowledge, competence, and capability
well suited to treat a specific aspect. On the other hand,
placing high intrinsic trust in someone means to consider
its personal qualities, will, and determination well suited
to treat a relevant aspect. Epistemic trust is a trust of the
means, intrinsic trust is a trust of the ends.

Using this framework, public authorities are entrusted
with intrinsic trust. To be considered trustworthy, they
are expected to show characteristics of fairness, benevo-
lence, and representation. On the contrary, the require-
ment placed on the scientific community places much
more emphasis on the epistemic aspect of trust. To be
trustworthy, they are required to be knowledgeable and
competent. The events that unfolded during the pan-
demic decreased both epistemic trust, and intrinsic trust.
Unquestionably, the pandemic saw some epistemic suc-
cesses, such as the sharing of information amongst the
community, and the response that was provided by most
of the national healthcare services. These successes are
not paired with an equal consideration of the work car-
ried out by public authorities [89], given how their suc-
cesses might not be ascribed (rightfully or not) to their
intrinsic qualities. Therefore, the drop shown by our data
reflects the different rates of reduction across different
forms of trust, namely, the epistemic and the intrinsic.

Limitations

In considering the findings of this research, it is impor-
tant to also take into account the methodological limita-
tions of this study. First, the cross-sectional study design
poses a potential limitation, as participants were required
to retrospectively recall decision-making processes
related to vaccine acceptance. This introduces the risk
of memory bias, with individuals selectively remember-
ing and reporting information in alignment with current
beliefs. Cognitive biases, such as carryover effects, may
have impacted the accuracy of participant recollections.
Another limitation concerns the experimental condi-
tions. The absence of a pure control group without any
vaccine-related message introduces confounding factors.
Our control condition, indicating the unavailability of
efficacy and safety information, may have influenced par-
ticipants differently, affecting subsequent responses. Sim-
ilarly, exclusively presenting positive information about
vaccine efficacy and safety raises questions about gen-
eralizability. The absence of negatively framed messages
limits insights into how individuals respond to infor-
mation emphasizing potential risks associated with the
vaccine. Lastly, the study’s sample may not be fully rep-
resentative of the broader population. Despite efforts to
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balance demographic characteristics and align COVID-
19 data with actual pandemic trends, inherent selec-
tion biases linked to online survey participation must be
acknowledged. In summary, while the study contributes
valuable insights into vaccine decision-making during
the pandemic, it is crucial to recognize these limitations
when interpreting the results.

Conclusions

The perception of vaccines is a constantly evolving pro-
cess, influenced by various dynamic factors such as
perception of efficacy and safety, levels of trust, and indi-
vidual motivations. Our study sheds light on the complex
dynamics that underlie the perception of vaccine safety
and efficacy, and their impact on willingness to vaccinate.
We found that as the pandemic progressed, there was
a decline in the perceived efficacy of the vaccine and a
simultaneous rise in its perceived safety. Additionally, our
findings showed that providing information about the
safety of the vaccine had a noteworthy impact on influ-
encing people’s willingness to get vaccinated, whereas
information regarding effectiveness had an irrelevant or
no influence. This suggests that the loss-gain asymmetry
of prospect theory may be at play, with the avoidance of
adverse effects being more salient than the benefits of
protection.

These results have important implications for vaccina-
tion campaigns. They suggest that it may be necessary to
adapt vaccination communication strategies throughout
the pandemic, as the importance of vaccine safety and
efficacy perceptions may vary over time. Overall, our
study contributes to a better understanding of vaccine
hesitancy and vaccine uptake and may inform the devel-
opment of more effective vaccination campaigns and
public health policies.
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