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EVIDENCE OF ALTERED FEAR EXTINCTION LEARNING IN INDIVIDUALS WITH HIGH
VACCINE HESITANCY DURING COVID-19 PANDEMIC

Carmelo M. Vicario, Stergios Makris, Laura Culicetto, Chiara Lucifora, Alessandra Falzone, Gabriella Martino,
Francesca Ferraioli, Michael A. Nitsche, Alessio Avenanti, Giuseppe Craparo

Abstract

Objectives: A relevance of fear and concerns about vaccine development and its
side effects are suggested to explain COVID-19 vaccine hesitancy. However, evidence
supporting the phobic origin hypothesis of hesitancy for COVID-19 and other

vaccinations remains indirect and elusive.

Method: We addressed this issue by investigating the existence of a relationship
between fear conditioning, extinction, and the respective vaccination hesitancy and

anxiety scores in a group of 25 individuals.

Results: Overall, we show that the general mechanism of fear extinction learning
is impaired in individuals with high vaccine hesitancy. State and trait anxiety scores

do not account for this result.

Conclusions: These findings suggest that attitudes against vaccination could be

linked to an altered inhibitory learning process.
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1. AFFILIAZIONI???

Introduction

The public healthrisk and concerns of the COVID-19
infection are far from over. In December 2022, an
impressive rise of COVID-19 infections took place
in China (Akriti, 2022). Furthermore, a recent model
from the Institute for Health Metrics and Evaluation
(covid19.healthdata.org) predicted that the number of
COVID-19 infections could be destined to rise due to
the absence of lockdowns, mask mandates and other
prevention measures. This requires the strengthening
and consolidation of available strategies to diminish
COVID-19 infections. An important tool is vaccination,
as well as diminishing vaccination hesitancy, which
is estimated to involve approximately a quarter of the
general population (Murphy et al., 2021). That can
be achieved through vaccination campaigns, whose
success is dependent on the ability to overcome attitudes
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of hesitation/resistance towards vaccination in general.

Mounting evidence stresses the role of socio-
demographic and economic variables, as well as
misinformation (Larson et al, 2021), to explain
hesitancy/resistance to COVID-19 vaccination. Some
reports suggest the relevance of emotions, such as fear of
needles (e.g., Freeman et al., 2021), and concerns about
vaccine development and its side effects (Rosenbaum,
2021). Moreover, “fear appeals” are considered relevant
to explain the negative influence of misinformation on
attitudes towards vaccines (van der Linden, 2022), as
some individuals may be more sensitive to threatening
messages that could undermine scientifically valid
information  campaigns. Nevertheless, evidence
supporting the phobic origin hypothesis of hesitancy for
vaccination remains indirect and elusive.

We addressed this issue by investigating whether
vaccine hesitancy, as measured by the adult vaccine

SuBMITTED ?? 2023, ACCEPTED JULY 2023



Evidence of altered fear extinction learning in individuals with high vaccine hesitancy during COVID-19 pandemic

hesitancy scale (aVHS), can predict the neurovegetative
response (i.e., skin conductance response - SCR)
associated with fear conditioning/extinction learning. In
line with evidence suggesting that generalized anxiety
is associated with unwillingness or indecision regarding
being vaccinated against COVID-19 (Sekizawa et al.,
2022), we also investigated individual differences in
anxiety using the state-trait anxiety inventory (STAI-2).
In this way we explored the predictive role of anxiety
to explain the psychophysiological (SCR) activity of
vaccine-hesitant individuals during fear conditioning, or
extinction.

The exploration of SCR, which reflects the activation
of the sympathetic nervous system (Dawson, 1990),
in combination with the Pavlovian paradigm of fear
conditioning, has proved to be particularly effective in
the investigation of the psychophysiological correlates
of fear learning and extinction in healthy subjects
(Vicario et al., 2020; Haaker et al., 2019), and in clinical
populations affected by anxiety and post-traumatic
stress disorder (Rabinak et al. 2017. See also Markovic¢
etal., 2021).

According to the phobic origin hypothesis of vaccine
hesitancy we predicted higher fear acquisition and/or
reduced fear extinction learning in individuals with high
aVHS scores, as compared to individuals with low aVHS
scores. Moreover, in line with evidence for a relation
between vaccine hesitancy and anxiety (Bendau et al.,
2021), we sought to clarify whether any difference in
fear conditioning between the two groups could reflect
interindividual differences in trait or state anxiety.

Methods
Participants

25 participants (10 males, 16 right-handed) with
a mean age of 22.6 £ 3.20 years were recruited by
means of online advertisements. Informed consent was
obtained from all participants before inclusion, and the
protocol was approved by the local ethics committee
of the Department. The experimental procedures were
conducted according to the Declaration of Helsinki
principles (1964), and subsequent updated versions
(WMA, 2013).

Instruments

2.2.1 Adult Vaccine Hesitancy Scale

The Italian version of the adult Vaccine Hesitancy
Scale (aVHS) is a valid and reliable self-report
instrument for evaluating attitudes towards vaccination
against respective preventable diseases (Ledda et al.,
2022). Akel et al. (2021) developed the original version
of this instrument and assessed its reliability and
validity in cross-sectional internet surveys conducted
in the United States and China, with a focus on the
influence and acceptance of COVID-19 vaccination.The
10 items of the adult Vaccine Hesitancy Scale (aVHS)
are answered by the participants on a five-point Likert-
type rating scale ranging from least hesitant (1) to most
hesitant (5). An example item of the Italian version is:
“I vaccini sono importanti per la mia salute” (Vaccines
are important for my health). The internal consistency
(IC) of the Italian version of the aVHS, as assessed by
the Cronbach alpha coefficient is 0.94, demonstrating
an excellent IC reliability. The scale content of validity
index (S-CVI) calculated for the total scale was 0.97
(Ledda et al., 2022). The cutoff score to establish
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whether participants are classified as highly hesitant to
vaccination is > 25, according to Akel et al. (2021).

2.2.2 State-Trait Anxiety Disorder Inventory

We used both, the state (STAI-Y1) and the trait
(STAI-Y2) anxiety subscales of the State-Trait Anxiety
Disorder Inventory (STAI; Spielberger et al., 1970)
to investigate relationships between anxiety and fear
acquisition and extinction. For our study we referred to
the Italian version created by Pedrabissi & Santinello
(1989). The scale includes 20 items for assessing
state anxiety and 20 for trait anxiety. For each item,
participants had to provide a rating ranging from 1
“Almost Never” to 4 “Almost Always”. The total score
of each scale ranges from 20 to 80 points. An example
item in the Italian version is: “mi sento bene” (I feel
well). Good internal consistency is reported for both
the state and trait anxiety subscales of the STAI, with
Cronbach's alpha coefficients ranging from 0.91-0.95
and 0.85-0.90, respectively.

2.2.3 Virtual reality Pavlovian fear conditioning/
extinction task

To study fear conditioning and extinction, we
created) a 3D environment in virtual reality by using the
software unity engine 3D, and the Oculus Rift device.
Our experimental setup included a helmet for virtual
reality presentation, the Oculus Rift, equipped with two
Pentile OLED displays, with 1080 x 1200 resolution per
eye, a 90 Hz refreshing rate and a 110° field of view.
The device includes also features for rotation, position
tracking and integrated headphones that provide a 3D
sound effect (Grasso et al., 2019; Grasso et al., 2020;
Lucifora et al., 2020; Daher et al., 2021). A graphics
workstation, equipped with a NVIDIA Titan X graphics
card, was used to run the simulation, ensuring a uniform
high-resolution rendering of the virtual environment,
which was projected to the VR headset. Our VR
paradigm, successfully used in a previous study of our
group (Lucifora et al., 2022) consisted of three sessions:
habituation, acquisition, and extinction. Stimuli of the
protocol consisted of two doors of different colours.
During the habituation session (duration about 7 min),
the participants watched the two different doors (blue
and red) for a total of 8 trials (i.e., 4 times the blue door,
4 times the red door) presented in randomized order.
During presentation, doors were kept closed for 3 s and
opened for 9 s. The inter-trial interval was between 6
and 20 s. After a short break of 60 s, participants were
prompted to start the fear acquisition stage (duration
about 10 min), when they were ready for it. In the
acquisition session, the blue door served as conditioning
stimulus (CS+). It was paired (in 80% of all cases (8 of
10 trials)) with a threatening stimulus (i.e., a monster -
serving as the unconditioned stimulus — US) jumping in
the direction of the participant and screaming (80 dB) to
induce a fear response. As in the habituation phase, the
duration, and timing of appearance of the US were 3 s
(closed door) plus 9 s (opened door). The red-coloured
door was not paired with the US (CS—: the safety signal).
The acquisition phase involved presentation of 10 CS+
trials and 10 CS— trials. The inter-trial interval was
between 6 and 20 s. The conditioned fear response was
extinguished in the extinction stage, which took place
5 min after the acquisition phase. During the break,
participants stayed out of the virtual reality environment.
For extinction learning, the blue door (CS+) was no
longer accompanied by the jumping and screaming
monster. This session consisted of two blocks, early
and late extinction (duration about 10 min), involving
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presentation of a total of 20 trials (10 times the red door
and 10 times the blue door), presented in randomized
order, as in the acquisition phase.

Skin conductance

Skin conductance response (SCR) was measured via
eSense (Mindfield Biosystems, Inc. Berlin. Germany)
on a MEIZU M5C M710H, with electrodes attached to
the middle and index fingers by means of Velcro straps.
The electrodes were connected to the device using
the audio connection input. eSense acquired data at a
sampling rate of 5 Hz and the data were exported via
email in csv files. The SCR to the CS+ and CS— was
calculated in microSiemens (uS) by subtracting the
mean SCL during the 2 s prior to stimulus onset from
the maximum SCL during the 12 s stimulus presentation
duration (3 s closed door plus 9 s opened door).

Procedure

After the participants had given informed consent,
they completed the STAI-Y1, the STAI-Y2 and

Table 1. Descriptive statistics of the variables of interest

of each participant. We lost 2.6% of the trials due to
technical failure during data collection. For SCR data
analysis, a square root transformation was applied to
the SCR data to reduce variability, in accordance with
previous studies (e.g., Vicario et al., 2020; Ney et al.,
2021). SCR scores that fell 3 Standard Deviations above
or below each individual mean for each experimental
condition were removed as outliers (1.3% of the total).
A critical alpha level of o = 0.05 served as significance
threshold for all tests. Statistical analysis was performed
using STATISTICA (StatSoft. Inc., Tulsa, OK, USA)
version 12.0.

Results

SCR data were not normally distributed (Shapiro-
Wilk W= .901, p =.032). No significant difference was
found for gender (X?=0.243, p =.621), age (U= 54.00,
p =.207), STAI-Y1 (U = 39.5, p = .204) and STAI-Y2
(U=54.00, p =.763), when comparing individuals with
low aVHS scores (<25, N=14), and high aVHS scores
(> 25, N=11 see table 1 for descriptive statistics).

Age Sex aVHS STAI-Y1 STAI-Y2
Low M=23.21 5M, M=18.07 M=43.30 M=46.07
aVHS SD=3.09 9F SD=4.74 SD=13.13 SD=10.07
High aVHS M=21.81 5M, M=29.90 M=38.00 M=47.00

SD=3.31 6F SD=4.34 SD=5.65 SD=9.05

Note. aVHS= adult vaccine hesitancy scale; STAI-Y 1= State Trait Anxiety Inventory, Form Y, Subscale 1; STAI-Y 1= State

Trait Anxiety Inventory, Form Y2, Subscale 2.

the aVHS questionnaires. Next, participants were
connected to the GSR Amp (eSense), and two ring-
shaped skin conductance electrodes were placed over
the middle and index fingers of the right hand. Then,
the virtual reality helmet (Oculus Rift) was placed
on the head, and the fear conditioning/extinction task
was conducted. Finally, at the end of the experiment
participants were debriefed.

Data analysis

Data normality was assessed by visual inspection
and using the Shapiro-Wilk test. Statistical comparisons
including different variables such as age, gender,
STAI, aVHS and SCR scores were conducted via non-
parametric tests. We used the Mann-Whitney U test to
investigate SCR differences between individuals with
low and high aVHS scores for the different sessions of
the fear conditioning task; the Wilcoxon Matched Pairs
Test to investigate SCR differences associated with
CS+ and CS- in each group of participants (see below)
for the different sessions of the fear conditioning task;
the Spearman correlation index to investigate the
relationship between the different variables of interest;
and the Chi-square to investigate the association
between two categorical variables (e.g., gender). All
these analyses were implemented to test the hypothesis
of impaired fear conditioning in individuals with high
aVHS scores, compared to individuals with low aVHS
scores.

The SCR amplitude was determined off-line by
subtracting the baseline of 2 s prior to CS presentation
from the highest skin conductance level during each CS
presentation. This was done for each individual value
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We used the Mann-Whitney U test to separately
compare the mean differential [SC+ minus CS-] SCRs
associated to the three sessions (i.e., habituation,
acquisition, extinction) of individuals with low and
high aVHS scores. The group with high aVHS showed
a larger differential SCR (Median SCR = +137 pS)
as compared to the low aVHS group of participants
(Median SCR = +116 puS, U = 25.00, p = .025) in the
extinction session. No significant results were found for
habituation (U = 64.00, p = .63) and acquisition (U =
73.00, p = .826) sessions.

In a further analysis, we used the Wilcoxon Matched
Puairs Test to separately compare the SCR to CS+ vs.
CS- in the three sessions (Figure 1). Individuals with
low aVHS scores successfully extinguished fear to
CS+, with no difference between CS+ and CS- in the
extinction session (Z = .244, p = .806). In striking
contrast, individuals with high aVHS scores failed to
extinguish fear to CS+ as compared to CS- (Z=2.445, p
=.014). Moreover, as expected, we found a significant
difference between CS+ and CS- for the acquisition
session in individuals with both low and high aVHS
scores (low aVHS group: Z = 2.793, p = .005; high
aVHS group: Z = 2.510, p = .012). On the other hand,
no significant between-groups difference was found for
the habituation session (low aVHS group: Z=.596, p =
.550; high aVHS group: Z= 1.658, p =.097, Figure 1).

We also investigated the pattern of correlations
between aVHS, STAI, and SCR differences in the
three sessions. The Spearman correlation index did
not document significant relations between aVHS
and SCR for the habituation (rho = -.009, p = .964),
acquisition (rho = -.116, p = .580) or the extinction
(rho = 392, p = .071) session, although the trend
reported in the extinction session is in line with the

Clinical Neuropsychiatry (2023) 20, 4
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Figure 1. Shown are the SCR mean patterns associated for CS+ and CS- in the three sessions (habituation session;
Acquisition session; Extinction session). * Indicates a significant difference between CS- and CS+. Vertical bars

denote + standard error of means
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results provided when comparing individuals with low
and high aVHS scores. Moreover, no relationship was
found between trait or state anxiety and SCR for the
three conditions (STAI-Y2: habituation, rho = 348, p =
122; acquisition, rho = -.111, p = .619; extinction, rho
= -362, p = .127. STAIL-Y: habituation, rho = 412,
p = .063; acquisition, rho = .115, p = .610; extinction,
rho =-.126, p = .615). Finally, no correlation was found
between STAI-Y2 (rho = .076, p = .735) or STAI-Y1
(rho =-.222, p = .319) anxiety, and aVHS scores.

Discussion

In this study we sought to investigate the role of
abnormal fear processing to explain vaccine hesitancy
during COVID-19 pandemics. Hence, we tested the
physiological response in a Pavlovian fear conditioning-
extinction paradigm, which is a valid and widely used
translational model for the experimental investigation
of mechanisms underlying pathological fear and anxiety
(Battaglia et al., 2023; Vicario et al., 2017; Vicario et
al., 2019; Ney et al., 2021; Milad & Quirk, 2012).

Overall, our findings provide the first
psychophysiological evidence that the general process
of fear extinction learning is impaired in highly vaccine
hesitant individuals. On the other hand, no difference
between individuals with low and high vaccine
hesitancy scores was found for the fear acquisition
session.

Fear acquisition reflects associative learning, where
a neutral stimulus is conditioned as fearful (CS+) due
to its association with an aversive event. Fear extinction
reflects a re-learning process in which individuals are
repeatedly exposed to a CS+ without the associated
aversive outcome (Lonsdorf et a., 2017). Consequently,
individuals form a new memory, which suppresses the
expression of the original fear memory through a re-
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learning inhibitory mechanism (Myers & Davis, 2007).
Evidence for a normal fear acquisition process together
with evidence for impaired fear extinction suggests
that the antivaccination attitude may be mainly linked
to abnormalities of re-learning inhibitory mechanisms,
whichmightindicate a difficulty to suppress fear memory
traces. Failures to inhibit fear memory traces have been
reported in PTSD and anxiety disorders (Rabinak et al.,
2017), showing a SCR pattern like the one we found
in participants with high aVHS scores. Additionally,
failures in extinguishing fear have been associated with
poor stress management (Maren & Holmes, 2016),
which is also known to predict vaccination hesitancy
(Zhang et al., 2022). Interestingly, the above-mentioned
dissociation between fear acquisition and extinction
could reflect the role of the ventromedial prefrontal
cortex in mediating mechanisms of fear extinction
learning, but not fear acquisition (Phelps et al., 2004;
Milad et al., 2007). Future research is needed to directly
evaluate this possibility.

Our results do not confirm the predictive role of state
and trait anxiety on SCR associated to fear acquisition
and extinction sessions. Importantly, no difference in
state and trait anxiety was found between individuals
with low and high aVHS scores. Finally, the correlation
analysis did not confirm the relevance of both, state and
trait anxiety to explain fear acquisition and extinction
responses of our participants. This suggests that anxiety
may be not relevant for the fear extinction learning
deficit of our group of individuals with high vaccine
hesitancy.

In our study we did not find evidence of a relationship
between vaccine hesitancy and anxiety, as in previous
works (Bendau et al., 2021). This might be due to the
relatively low number of participants, or because the
STAI does not allow to assess the relationship between
vaccination and anxiety, in contrast to previous studies
that have used more specific scales that focus on anxiety
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in response to viral pandemics (e.g., the COVID-19-
Anxiety Questionnaire, Petzold et al., 2020).

Our study has some relevant limitations. First,
sample size was relatively small. Therefore, further
investigations involving larger participant samples
are needed. A further limitation concerns the gender
disbalance in our study, with a higher number of female
participants. However, gender was comparable in the
two groups of individuals with low and high aVHS
scores. This allows to exclude a role of gender in
accounting for the different physiological reactivity in
the two groups. Further investigations are needed to
study the predictive role of other variables that have
been associated with antivaccination attitudes, such
as conspiratorial thinking (Gioia et al., 2023), and
sensitivity to misinformation (Larson et al., 2021).
Other relevant variables of interest may also include
disgust sensitivity, an important landmark of mental
discomfort (Culicetto et al., In press). The link with
such variables can be addressed by using self-report
instruments such as the Misinformation Susceptibility
Test (Maertens et al., 2021), the Generic Conspiracist
Beliefs Scale (Drinkwater et al., 2020) and the Disgust
Sensitivity Scale (Haidt et al., 1994). Finally, the
addition of neurophysiological measures to elucidate
underlying neural mechanisms would be intriguing and
should be the subject of future research.
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