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Abstract

Even before the COVID-19 pandemic, vaccine hesitancy was one of the main global public
health threats. Unfortunately, the COVID-19 crisis and its associated risks only reinforced this
hesitancy. This study aimed to identify to what extent the COVID-19 vaccination affected confu-
sion around vaccination in general, its change and any associated factors. A questionnaire was
distributed to the university population of Liege between April-June 2021 (Time 1) and July-Sep-
tember 2022 (Time 2). The impact of the COVID-19 vaccination on confusion around vaccina-
tion in general (score 0 to 100) was divided into three groups based on the tertiles of the study
sample at different times and whether or not any change had been observed. Ordinal and multi-
nomial regression analyses were performed to assess the relationship between the confusion
and various determinants. The sample consisted of 491 participants. Time 1 vs Time 2, 41.3%
vs 35.4% seemed to be less confused, 24.2% vs 28.7% were moderately confused and 34.4%
vs 35.8% more confused, respectively. In terms of change, 19.4% of participants were less con-
fused, 55.2% had not changed their opinion and 25.5% were more confused. The determinants
causing confusion at both times and regarding change were self-perception, health literacy,
past vaccination experiences and COVID-19 related factors (COVID-19 vaccination intention
and trust in source of information at Time 1; preferred source of information, trust in vaccine pro-
ducers and conspiratorial beliefs at Time 2; trust in vaccine producers for change). The results
demonstrated that the COVID-19 vaccination impacted confusion around vaccination in gen-
eral. Both unrelated and related COVID-19 factors, particularly regarding the progression of the
pandemic, seem to have contributed to this confusion. Contributing factors require a personal-
ised approach, evidence-based information being communicated with messages adapted to the
situation and its evolution designed to allay individuals’ fears about vaccination.
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Introduction

Although there is no common consensus in the literature for defining and measuring vaccine
hesitancy in a population [1-7], vaccine hesitancy can be defined as “‘delay in acceptance or
refusal of vaccination despite availability of vaccination services.” [8, 9]. Vaccine hesitancy lies
on a continuum, a decision-making process, between total acceptance of all vaccines (without
any doubt) and total rejection of all vaccines (without any doubt) [3, 8-10]. This means that
vaccine behaviours are not fixed and may even change over time. Doubts and concerns among
people who are nevertheless vaccinated highlight that vaccination cannot be used to designate
an intention to vaccinate. Vaccination intention and vaccination are not synonymous: vacci-
nation intention is not an indicator of vaccination, and vice versa [5, 11]. Vaccination inten-
tion can, however, be seen as a determinant of vaccination and may increase when public
health efforts are deployed to increase intention. The factors that can influence vaccine hesi-
tancy have already been identified in the literature and can be separated into a number of
groups. For example, the Strategic Advisory Group of Experts on Immunisation (SAGE) has
divided these influencing factors into three categories: context-related (communication and
media environment, anti- or pro-vaccination lobbies), individual- or group-related (personal,
family and/or community members’ experience with vaccination, knowledge/awareness,
health system and providers-trust and personal experience), and vaccine-specific (risk/benefit,
introduction of a new vaccine) determinants [3, 8]. Betsch and collaborators [12] proposed a
categorisation of the reasons for vaccine hesitancy into “5C” namely confidence in vaccines,
complacency, constraints, calculation and collective responsibility. Vaccine hesitancy was even
listed by the World Health Organization as one of the top ten threats to the overall health of
the population [13] long before the COVID-19 pandemic [14]. In fact, a number of studies in
the literature have examined vaccination hesitancy, intention and behaviour among individu-
als specifically in terms of COVID-19. These studies were carried out mainly among the adult
population, and identified factors influencing vaccination intention and behaviour across dif-
ferent countries and COVID-19 vaccine doses, such as safety, side effects, trust, information
sufficiency, efficacy, conspiracy beliefs, social influence, political roles, medical conditions,
prior SARS-CoV-2 infection and previous flu vaccination [e.g. 15-28]. In addition, a number
of studies have shown that people may have initial concerns but are ultimately vaccinated [29-
39]. However, the COVID-19 pandemic, and more specifically the COVID-19 context, may
have influenced vaccination behaviour and have subsequently been considered a determinant
of vaccine hesitancy in general.

COVID-19 was a determining episode in the history of the vaccination of individuals due
to its very specific context and widely publicised risks reinforcing general vaccine hesitancy.
Indeed, the rapid development of these vaccines and the fear of potential side effects [40], fake
news, misinformation and conspiracy theories [41], information about declining effectiveness
in preventing infection and severe illness [42] and limited protection against variants [43]
requiring several doses in a short interval of time may have had an impact on people’s percep-
tion of vaccination in general. In Belgium, COVID-19 primary vaccination of the general pop-
ulation (one or two doses) started in May 2021 with mainly two types of vaccines namely
mRNA vaccines (PfizerBioNTech and Moderna in two doses), and viral vector vaccines
(AstraZeneca in two doses and Johnson & Johnson in a single dose). Booster vaccination with
mRNA vaccines for the general population began in December 2021 with the first booster vac-
cine and in September 2022 for the second booster vaccine with notably bivalent vaccines [44].

A number of studies have investigated the perception of vaccination in general during the
COVID-19 pandemic using different parameters. Some of them have compared COVID-19
vaccination intention/attitudes to other vaccine-specific intention/attitudes/uptake during the
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COVID-19 pandemic and presented results which were considered controversial [e.g. 45-52],
while others analysed the attitudes/beliefs towards vaccination in general during the COVID-
19 pandemic namely confidence through vaccination in general [53] or the usefulness of vacci-
nation to protect against infectious diseases [54].

Other studies observed changes in attitudes/beliefs towards vaccination in general during
the first year of the pandemic (2019/2020-2021). These studies identified positive changes such
as an increase in collective responsibility [55] and a decrease in complacency [55], mistrust of
vaccine benefit [55], concerns about commercial profiteering [55, 56], constraints to vaccina-
tion [55] and an increase in the belief that vaccines protect public health and should therefore
be mandatory [56], and/or negative changes such as increase in the calculation and worries
about unforeseen future effects [55], uncertainty about vaccine safety and effectiveness and
confusion about sources of trusted information [57].

These or other studies have highlighted the association between factors related to historical
influences of vaccination, e.g. favourable vaccination attitudes [45], acceptance of at least one
flu vaccination in (previous) flu seasons [45, 46, 48] or COVID-19 pandemic, e.g. vaccination
intention against COVID-19 [54], having received COVID-19 booster doses, adverse effects
resulting from COVID-19 vaccination [58], and intention/non-intention to get a specific vac-
cine or, finally, positive vaccine attitudes during the COVID-19 pandemic.

Most of these studies were cross-sectional studies, conducted before primary vaccination, a
few at the time of primary vaccination [e.g. 47] or after a COVID-19 booster dose [e.g. 53, 58]
and rare longitudinal studies conducted during the first year of the pandemic. To the best of
our knowledge, no study to date has analysed how COVID-19 has impacted vaccine hesitancy
in general and its change at different times of the pandemic, certainly not in Belgium or
among a specific population. This study therefore provided the first opportunity for measuring
confusion about vaccination in general and its evolution throughout the pandemic. Studying
ways in which the COVID-19 vaccination could improve levels of confusion about vaccination
in general, while considering factors more specific to the COVID-19 pandemic context, could
help the government in the implementation of prevention strategies for future pandemics.
Because of the possible changes between perceptions of vaccination and vaccination itself as
mentioned above, this study should be seen as the first step towards understanding the impact
of COVID-19 vaccination on vaccination behaviour in general. Further studies are, however,
needed to measure its real impact on the same population.

The aim of this article was two-fold:

« To describe the impact of vaccination against COVID-19 and its impact on confusion sur-
rounding vaccination, in particular in a university population, at different times during the
COVID-19 pandemic as it changed; and

o To describe how the factors associated with the impact of vaccination against COVID-19
influenced confusion about vaccination in general, in a university population, at different
times during the COVID-19 pandemic and how it changed during that time.

Materials and methods
Context and study design

The present research is part of a longitudinal study carried out among students and staff
(administrative staff members, technical and manual staff members, scientific staff members
and academic staff members) of the University of Liege (ULiege), Belgium, between April
2021 and December 2022, with the aim of studying SARS-CoV-2 infections, immune
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responses to SARS-CoV-2 infections and vaccines, and vaccine hesitancy (SARSSURV-ULiege
study). The inclusion criteria were as follows: participants had to be between 18 and 67 years
of age (67 being the legal retirement age in Belgium) and had to consent to participate by com-
pleting an online form. Any staff whose contract came to an end before 31 December 2021 and
students (first year of Bachelor and diploma year) enrolled in the 2020-2021 academic year
were excluded [59].

This present study was a 1.5 year observational longitudinal study, which met all STROBE
requirements [60], carried out at two different times during the COVID-19 pandemic:
between 01 April and 10 June 2021 (Time 1) and between 12 July and 22 September 2022
(Time 2).

Study population

The population of ULiége comprises 5,633 staff members and 28,064 students. All members of
the university who met the study criteria were sent a personal invitation to participate in the
SARSSURY study, i.e. 3,576 staft members and 25,378 students. This was a voluntary sampling
method.

The inclusion criteria for this present study were:

o Registered in the SARSSURYV study between April and June 2021;

o Completed the first and the second questionnaire on the impact of COVID-19 on confusion
about vaccination in general.

The exclusion criterion for this present study was:
o Prior vaccination against COVID-19.

Several e-mails were sent to repeat the invitation to take part in the study which minimised
potential sources of non-response bias.

Between April and June 2021, 1,474 participants (981 staff and 493 students) were enrolled
in the SARSSURY study and were invited to complete the questionnaires on socio-demo-
graphic characteristics, medical characteristics and vaccine hesitancy including the impact of
COVID-19 vaccination on confusion about vaccination in general (Time 1); 27,480 either did
not reply or refused to take part. Out of these participants, 213 (14.5%) had already been vacci-
nated against COVID-19 and were therefore excluded for Time 1 (because prior vaccination
could have influenced their responses to vaccine hesitancy questions, particularly with regard
to the impact of the COVID-19 vaccination on confusion about vaccination in general). Data
were found to be missing for four staff members on the vaccine hesitancy questionnaire so
these participants were excluded from taking part in the study. A total of 1257 (805 staff and
452 students) was included for Time 1.

Based on the SARSSURV-ULiege database, participants still enrolled in the SARSSURV
study and who had had their primary COVID-19 vaccination (one dose of Johnson & Johnson
or two doses of AstraZeneca, Moderna, PfizerBioNTech, or Sputnik V) were invited to partici-
pate at Time 2. A total of 572 members of the University of Liége community received a per-
sonalised invitation, sent via the university’s internal mail system, to complete the
questionnaire between 12 July and 22 September 2022. Finally, 491 participants (420 staff
members and 71 students —-85.8%) completed the questionnaire for Time 2, although a further
81 participants did not respond to the invitation or turned down the opportunity to participate
(Fig 1).

In order to carry out the analyses on the same study population, only the participants who
completed the questionnaire at Time 1 and Time 2 were included in this study, namely 491
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ULiége population
N =33.697 (5.633 staff and 28.064 students)

Invited to participate in SARSSURV study
N =28.954 (3.576 staff and 25.378 students)

Registered in SARSSURYV study between April and June 2021, invited to complete the first questionnaire (Time 1) (1474
participants : 981 staff and 493 students) and not vaccinated against COVID-19 (participants already vaccinated: 213)

N =1261 (809 staff and 452 students)

Missing data
N =5 (staff only)

Time 1 : Completed the first questionnaire on the impact of COVID-19 vaccination on confusion about vaccination in general
N = 1257 (805 staff and 452 students)

s 3
Still enrolled in the SARSSURYV study, vaccinated against COVID-19 during the primary vaccination and invited to complete the
second questionnaire (Time 2) between 12 July and 22 September 2022

N=572

Time 2 : Completed the second questionnaire on the impact of COVID-19 vaccination on confusion about vaccination in general
N =491 (420 staff and 71 students)

(. J

Fig 1. Flowchart of the study.
https://doi.org/10.1371/journal.pgph.0004066.9001

participants. To recontextualise, the participants at Time 1 had not received their primary vac-
cination against COVID-19 and the participants at Time 2 had not previously received a sec-
ond booster dose.

Studied parameters and data collection

Data were collected from several sources at various times during the SARSSURYV study. First,
the sociodemographic characteristics, medical characteristics, general self-perception, health
literacy, past vaccination and experience of vaccination in general, trust in authorities, vaccine
producers and source of information and conspiratorial beliefs regarding COVID-19, inten-
tion to have the COVID-19 primary vaccination and SARS-CoV-2 infection and eventually
primary vaccination (one or two doses). This self-reported data was collected using the self-
administered questionnaires distributed via an online platform at SARSSURV enrolment,
between 01 April and 10 June 2021.

Next, participants were asked to provide information, throughout the SARSSURYV study,
regarding any change in their vaccination status or a SARS-CoV-2 infection. They were
instructed that this be reported as soon as possible and that it be done via a dedicated secure
online platform or by calling/emailing a member of the research team, in order to keep the
database up to date. Following any new infection or vaccination, a nurse from the research
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team scheduled a blood test two weeks later and then every three months. Data concerning
symptoms were collected via a short questionnaire.

Intention regarding the first COVID-19 booster vaccination was self-reported data col-
lected using a self-administered questionnaire that was distributed via an online platform and
formed the next batch of data collected. This was carried out between 13 October and 26
December 2021.

Intention regarding the second COVID-19 booster vaccination was self-reported data col-
lected using a self-administered questionnaire and was distributed via an online platform
between 12 July and 22 September 2022.

Finally, information about the impact of vaccination against COVID-19 on attitudes
towards vaccination in general was in the form of self-reported data collected using a self-
administered questionnaire that was distributed via an online platform at different times dur-
ing the SARSSURYV study: between 01 April and 10 June 2021 (Time 1) and between 12 July
and 22 September 2022 (Time 2).

The questionnaires were based on a combination of models and measurement tools in the
literature to determine the factors influencing vaccine hesitancy in general [8, 3, 12, 61]. They
were designed and adapted to the COVID-19 episode by several members of the study group
specialising in the field of research (infectious diseases and public health, etc.). The question-
naires proposed between April and June 2021 were pre-tested by ten individuals but not psy-
chometrically validated. After the pre-test, a number of questions clarified a minor event (e.g.
pain, fever) or a major event (e.g. hospitalisation).

Sociodemographic characteristics. The sociodemographic characteristics included insti-
tutional status (response scale: student or staff member), gender (response scale: male or
female), age (response scale: open ended response in years) and highest level of education
achieved (response scale: no degree, primary education, lower secondary education, upper sec-
ondary education, post-secondary non-tertiary education, short-type higher education, long-
type higher education (University, and PhD).

Medical characteristics. The body mass index (BMI, response scale: open ended response
in kg/m?), chronic diseases such as diabetes, hypertension, heart failure/coronary artery dis-
ease, history of stroke, liver failure/cirrhosis, kidney failure, chronic lung disease, asthma, auto-
immune disease, immunodeficiency, haematologic cancer, other form of cancer, organ or cell
transplant, and other health problem(s) (response scale: yes/no) were collected.

General self-perception. Information about the participant’s general self-perception was
collected with four questions namely “Compared to other people of my age, I am a careful per-
son (in general).”, “Compared to other people of my age, I am really careful about my health.”,
“Compared to other people of my age, I am more likely to be sick.” and “Compared to other
people of my age, I am an anxious person.” (response scale: Likert scale ranging from 0 (fully
disagree) to 100 (fully agree)).

Health literacy. The single item literacy screener (SILS), slightly adapted for the purposes
of this study, was used in order to assess the health literacy of ULiége staff members and stu-
dents [62]. “When you read instructions, pamphlets, or other written material from your doc-
tor or pharmacy, how often do you need help to understand the messages?” (response scale:
Likert scale ranging from 0 (never) to 100 (always)).

Past vaccination and experience of vaccination in general. The participants were next
asked about their vaccination history in general with the following two questions: “Do you
have a vaccination record?” (three response modalities: yes, no and I don’t know) and “What
year was your last tetanus booster?” (response scale: open ended response or I don’t know).
The tetanus vaccination was chosen because it is recommended for the entire Belgian popula-
tion [63], unlike the flu vaccination which is only recommended for priority populations [64].
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Participants were asked these questions to obtain a general indication of interest in
vaccination.

The participants were also asked about their past experience with vaccination programmes
in general with the following questions “Have you ever had an adverse event after a vaccina-
tion?” (four response modalities: no, yes; a minor event (e.g. pain, fever), yes; a major event
(e.g. hospitalisation), I don’t know), “Has a member of your close entourage (family, friends,
colleagues) ever had an adverse event after a vaccination?” (four response modalities: no, yes; a
minor event (e.g. pain, fever), yes; a major event (e.g. hospitalisation), I don’t know), “Can you
think of any event(s) in the past that might discourage you from getting vaccinated in general?”
(two response modalities: yes or no) and “Do you remember events in the past that persuaded
you to be vaccinated?” (two response modalities: yes or no).

Trust in authorities, vaccine producers and source of information regarding COVID-
19. Trust in authorities was collected with the question, “In your opinion, in terms of their
decisions on COVID-19, what importance do the federal and regional authorities give to elec-
toral interests, to macro-economic interests, to the physical health of the population and to the
mental health of the population?” (response scale: answers ranked from most to least
important).

Trust in vaccine producers was collected with the question, “I trust vaccine producers that
the goals of vaccine safety and quality have not been sacrificed for the benefit of financial inter-
ests. Do you agree with this statement?” (response scale: Likert scale ranging from 0 (fully dis-
agree) to 100 (fully agree)).

Trust in source of information was collected using the following two questions: "What is
your source of information of choice in terms of the COVID-19 vaccination?" (twelve response
modalities: Internet, television, printed press, entourage, social networks, political decision-
makers, scientists, general practitioner, other doctors, nurses (medical centre, at home), other
caregivers (physiotherapists, dentists, pharmacists) and "To what degree do you trust this
source of information?" (response scale: Likert scale ranging from 0 (fully mistrust) to 100
(fully trust)).

Conspiratorial beliefs regarding COVID-19. The participants were asked about their
conspiratorial beliefs regarding COVID-19 with the question, “Generally speaking, to what
extent do you agree with the anti-vaccination arguments that are circulating?” (response scale:
Likert scale ranging from 0 (fully disagree) to 100 (fully agree)).

Personal SARS-CoV-2 infection and vaccination history. The SARS-CoV-2 infection
history included SARS-CoV-2 infections (yes/no), confirmed by a saliva-based self-test per-
formed as part of the SARSSURYV study [59] or by a test performed outside the study and
reported by a research team participant (saliva test, nasopharyngeal test, self-test).

The COVID-19 vaccination history examined the participants past intention to be vacci-
nated against COVID-19 using the following four questions:

 Two questions for COVID-19 primary vaccination: “On a scale of 0 to 100, what was your
intention to receive the vaccination at the end of 2020?” (response scale: Likert scale ranging
from 0 (no intention) to 100 (total intention)) and “On a scale of 0 to 100, what is your cur-
rent intention to be vaccinated when a vaccine is offered?” (SARSSURV enrolment, April-
June 2021) (response scale: Likert scale ranging from 0 (no intention) to 100 (total
intention));

o One question for the first COVID-19 booster vaccination: “What is your current intention
regarding accepting a booster dose when it is offered? (October-December 2021) (response
scale: Likert scale ranging from 0 (no intention) to 100 (total intention))”;
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 One question for a second COVID-19 booster vaccination: “On a scale of 0 to 100, what
would be your intention to accept a new dose of the vaccine?” (response scale: Likert scale
ranging from 0 (no intention) to 100 (total intention))” (July-September 2022).

In addition, the participants were asked to describe any symptoms they had experienced
after each dose, e.g., fatigue, headache, appetite loss, muscle pain, delirium, nausea, vomiting,
fever, arthralgia (joint pain), injection site pain, ipsilateral axillary lymphadenopathy (swollen
lymph node(s) on the same side as the injection site), redness at the injection site, allergic reac-
tion, and others (response scale: Likert scale ranging from 0 (no symptoms) to 10 (severe
symptoms)). For this study, only symptoms declared during the last dose of the COVID-19
vaccine were considered.

The level of neutralising antibodies against COVID-19 was measured using the most recent
blood test, which was scheduled 15 days after testing positive for a SARS-CoV-2 infection or a
COVID-19 vaccination and then repeated every three months as a follow-up. A member of the
research team communicated the results to the participant via phone or letter. The neutralising
antibody result was also communicated to the participants themselves in addition to its cate-
gorisation corresponding to the reference thresholds (< 1/20: Insufficient level of neutralising
antibodies; > 1/20 and < 1/320: Normal level of neutralising antibodies; > 1/320: High level
of neutralising antibodies). The current uncertainties and ongoing studies concerning the
effectiveness of protection against infection by different variants, and the duration of protec-
tion over time were also shared with participants to inform them of the limited current knowl-
edge and the need to implement the recommended preventive measures. A virus
neutralisation test (VNT) was carried out with SARS-CoV-2 strain BetaCov/Belgium/SartTil-
man/2020/1 in 96-well plates containing Vero E6 cells (ATCC CRL-1586). Six dilutions of
each heat-inactivated serum were used (1:10 to 1:320—corresponding to final testing dilutions
1:20 to 1:640). In each VNT, a positive control serum from the Belgian National Reference
Centre (Sciensano) was used. Sera were mixed vol/vol with 100 TCID50/reaction of SARS--
CoV-2 virus and incubated at 37°C for 1 hour. Then, the serum plus virus mixture was trans-
ferred to the cells in suspension in triplicate. The VNT relies on cytopathic effect (CPE)
observation under light microscopy at day 5 post-infection. Dilutions of serum associated with
CPE were considered as negative, while the absence of CPE indicated a complete neutralisation
of SARS-CoV-2 inoculum (positive). Virus neutralisation titer was reported as the highest
dilution of serum that neutralised CPE in 50% of the wells.

Impact of vaccination against COVID-19 on confusion about vaccination in general.
The participants were asked about the impact of vaccination against COVID-19 on confusion
about vaccination in general (response scale: Likert scale ranging from 0 (fully disagree) to 100
(fully agree)).

Data analysis

Three dependent variables were considered for the analyses, namely the impact of COVID-19
vaccination on confusion about vaccination in general at Time 1 (April-June 2021), Time 2
(July-September 2022) and the change between Time 1 and Time 2. For Times 1 and 2, the
impact of the COVID-19 vaccination on confusion about vaccination in general was catego-
rised as lower impact, moderate impact and higher impact in line with the tertiles of the sam-
ple for Time 1. For the change, the impact of vaccination against COVID-19 on confusion
about vaccination in general was either decreased (change from a higher tertile to a lower ter-
tile), unchanged (no change in tertile) or increased (change from a lower tertile to a higher
tertile).
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The educational data were grouped into three categories (high school and lower, Bachelor
degree, and University), and all of the SARS-CoV-2 infections were grouped into a single vari-
able (presence or absence of infection). The number of chronic diseases and the number of
symptoms experienced after the COVID-19 vaccination were calculated. The data on adverse
events after a vaccination were divided into three categories due to the low response reported
in major adverse events (no event, event and I don’t know). Regarding trust in authorities,
only the most importance response was considered and the data were grouped into a binary
variable (electoral and macro-economic interests or health of the population). The data on
source of information were grouped into four categories (medias, scientists, entourage and
health professionals).

Histograms, quantile-quantile plots, and the Shapiro-Wilk tests were used to evaluate the
normality of the distribution of the quantitative variables. Appropriate descriptive statistics
were performed, with the frequency and percentage (%) for the qualitative variables and
median (P50) and the interquartile ranges (IQR, P25-P75) reported for skewed distributed
quantitative variables.

The univariate ordinal logistical regressions were performed to explore the relationship
between the impact of vaccination against COVID-19 on confusion about vaccination in gen-
eral and the various factors at Times 1 and 2, respectively. Regarding the change, univariate
multinomial logistical regressions were used. Significant variables (p<0.05) in a univariate
framework were included in the multivariate model. Due to quasi-completion of data observed
in univariate cases, some variables were not considered in the multivariate analyses. The signif-
icance level was set at p < 0.05. The analyses were carried out using R statistical software ver-
sion 4.1.0. The data was stored for as long as was deemed necessary in order to achieve the
study’s objectives. The statistical analyses were performed on observed data only; missing data
were not imputed.

Ethical and legal aspects

The study was approved by the University Hospital of Liege Ethics Committee (reference
number 2021/96, dated 26 March 2021). Written informed consent online was obtained from
each participant before enrolment in the SARSSURYV study. Following enrolment, a unique
identification code (ID) was attributed to each participant [59]. The data were handled in a
strictly confidential manner by the SARSSURYV team and anonymised prior to any analysis.
The compliance with data protection regulations were approved by the official University of
Liége data protection officer.

Results
Characteristics of the study sample

As can be seen in Table 1, of the 491 participants included in the present study, 85.5% were
staff members 62.7% female and 37.3% male. The median age of participants was 43.0 (33.0-
51.0) years (45.0 (38.0-53.0) years for staff and 23.0 (20.5-28.0) years for students). Concern-
ing the highest level of education, 65.0% (68.8% of staff and 42.3% of students) had a univer-
sity-level education, 23.6% (26.4% of staff and 7.0% of students) had a Bachelor degree, and
11.4% (4.8% of staff and 50.7% of students) had achieved high school or lower-level education.
Regarding health status, the median participant BMI was 23.8 (21.5-26.7) kg/m* (24.1
(21.7-27.2) kg/m” for staff and 22.5 (20.5-25.1) kg/m” for students). Participants reported a
median score of 0 (0-0) (0 (0-1) for staff and 0 (0-0) for students) for chronic diseases.
Regarding general self-perception, as an example, participants reported a median score of
85.0 (75.0-93.0) (85.0 (75.0-92.0) for staff and 85.0 (75.0-95.0) for students) for the statement
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Table 1. Socio-demographic characteristics of 491 participants included in the study.

Variable

Institutional status

Staff

Student
Gender

Female

Male
Age (years)*
Highest level of education
High School and lower
Bachelor degree
University
Body Mass Index (kg/m?)*
Chronic diseases™
Careful person™
Careful about health™
More likely to be sick*
Anxious person™

Health literacy™

*P50 (P25-P75)
Legend: N, number

https://doi.org/10.1371/journal.pgph.0004066.t001

All Staff Students
N N (%) N N (%) N N (%)
491
420 (85.5)
71 (14.5)
491 420 71
308 (62.7) 260 (61.9) 48 (67.6)
183 (37.3) 160 (38.1) 23 (32.4)
491 43.0 (33.0-51.0) 420 45.0 (38.0-53.0) 71 23.0 (20.5-28.0)
491 420 71
56 (11.4) 20 (4.8) 36 (50.7)
116 (23.6) 111 (26.4) 5(7.0)
319 (65.0) 289 (68.8) 30 (42.3)
491 23.8 (21.5-26.7) 420 24.1 (21.7-27.2) 71 22.5 (20.5-25.1)
491 0 (0-0) 420 0 (0-1) 71 0 (0-0)
491 85.0 (75.0-93.0) 420 85.0 (75.0-92.0) 71 85.0 (75.0-95.0)
491 75.0 (62.0-87.0) 420 76.0 (63.8-85.3) 71 75.0 (60.0-91.5)
491 10.0 (1.5-25.0) 420 10.0 (1.0-25.0) 71 15.0 (5.0-29.0)
491 50.0 (20.0-75.0) 420 50.0 (20.0-73.3) 71 50.0 (25.0-80.0)
491 8.0 (0-20.0) 420 8.0 (0-20.0) 71 8.0 (0.5-20.0)

“Compared to other people of my age, I am a careful person.” on a Likert scale ranging from 0
(fully disagree) to 100 (fully agree).

Participants reported a median health literacy score of 8.0 (0-20.0) (8.0 (0-20.0) for staff
and 8.0 (0.5-20.0) for students) on a Likert scale ranging from 0 (never) to 100 (always).

Vaccination history and experience of vaccination in general, trust in authorities, vaccine
producers and source of information regarding COVID-19, conspiratorial beliefs regarding
COVID-19 and personal SARS-CoV-2 infection and vaccination history are presented in
Table 2.

Regarding past vaccination in general, 56.6% of participants (52.6% of staff and 80.3% of
students) had a vaccination record, 28.9% (32.6% of staff and 7.0% of students) did not and
14.5% (14.8% of staff and 12.7% of students) did not know; 52.8% (52.4% of staff and 54.9% of
students) knew the date of their last tetanus booster. For experience with a vaccination in gen-
eral, 24.9% of participants (23.1% of staff and 35.2% of students) had personally experienced
an adverse event, 69.9% (71.7% of staff and 59.2% of students) had not and 5.3% (5.2% of staff
and 5.6% of students) did not know. All parameters have been summarised in Table 2.

Regarding trust in the authorities, the importance given to electoral and macroeconomic
interests was seen as a priority for 42.6% of participants (40.2% of staff and 56.3% of students),
as well as the physical and mental health of the population for 57.4% of participants (59.8% of
staff and 43.7% of students). The median trust in vaccine producers for participants was 60.0
(32.5-80.0) (60.0 (30.8-80.0) for staff and 60.0 (37.5-80.0) for students) on a Likert scale rang-
ing from 0 (fully disagree) to 100 (fully agree). The preferred source of information was scien-
tists for 42.9% of participants (41.1% of staff and 53.5% of students), media outlets for 35.3% of
participants (36.8% of staff and 26.8% of students), health professionals for 19.2% of partici-
pants (19.6% of staff and 16.9% of students) and their entourage for 2.7% of participants (2.6%
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Table 2. Characteristics of the 491 participants included in the study.

All Staff Students
Variable N N (%) N N (%) N N (%)
Vaccination record 491 420 71
Yes 278 (56.6) 221 (52.6) 57 (80.3)
No 142 (28.9) 137 (32.6) 5(7.0)
I don’t know 71 (14.5) 62 (14.8) 9 (12.7)
Last tetanus booster 491 420 71
I know 259 (52.8) 220 (52.4) 39 (54.9)
I don’t know 232 (47.3) 200 (47.6) 32 (45.1)
Adverse event after a vaccination 491 420 71
Event 122 (24.9) 97 (23.1) 25 (35.2)
No event 343 (69.9) 301 (71.7) 42 (59.2)
I don’t know 26 (5.3) 22 (5.2) 4 (5.6)
Adverse event after a vaccination (entourage) 491 420 71
Event 207 (42.2) 167 (39.8) 40 (56.3)
No event 233 (47.5) 212 (50.5) 21 (29.6)
I don’t know 51(10.4) 41 (9.8) 10 (14.1)
Events that discouraged vaccination 491 420 71
Yes 19 (3.9) 18 (4.3) 1(1.4)
No 472 (96.1) 402 (95.7) 70 (98.6)
Events that encouraged vaccination 491 420 71
Yes 112 (22.8) 94 (22.4) 18 (25.4)
No 379 (77.2) 326 (77.6) 53 (74.7)
Trust for the authorities, given their priority to 491 420 71
Electoral-Macroeconomic interests 209 (42.6) 169 (40.2) 40 (56.3)
Physical/Mental health of the population 282 (57.4) 251 (59.8) 31(43.7)
Trust vaccines producers™ 491 60.0 (32.5-80.0) 420 60.0 (30.8-80.0) 71 60.0 (37.5-80.0)
Preferred source of information 491 419 71
Media outlets 173 (35.3) 154 (36.8) 19 (26.8)
Scientists 210 (42.9) 172 (41.1) 38 (53.5)
Participant’s entourage 13 (2.7) 11 (2.6) 2(2.8)
Health professionals 94 (19.2) 82 (19.6) 12 (16.9)
Trusted source of information™ 490 80.0 (66.0-90.0) 419 80.0 (62.0-90.0) 71 80.0 (70.0-90.0)
Conspiratorial beliefs* 491 10.0 (0-25.0) 420 10.0 (0-25.0) 71 10.0 (0-28.5)
Prior SARS-CoV-2 infection (before Time 1) 491 420 71
Yes 90.0 (18.3) 70 (16.7) 20 (28.2)
No 401 (81.7) 350 (83.3) 51(71.8)
Prior SARS-CoV-2 infection (before Time 2) 491 420 71
Yes 340 (69.3) 290 (69.1) 50 (70.4)
No 151 (30.8) 130 (31.0) 21 (29.6)
Primo-vaccination intention (end of 2020)* 491 90.0 (60.0-100) 420 90.0 (60.0-100) 71 90.0 (52.0-100)
Primo-vaccination intention (at SARSSURYV enrolment)* 491 100 (82.0-100) 420 100 (83.8-100) 71 100 (80.0-100)
Booster intention™ 422 100 (85.0-100) 363 100 (86.5-100) 59 99.0 (81.0-100)
Second booster intention™ 491 72.0 (40.0-99.0) 420 72.5 (40.0-100) 71 71.0 (40.5-89.0)
Vaccine status (before Time 2) 491 420 71
Complete 437 (89.0) 373 (88.8) 64 (90.1)
Incomplete 54 (11.0) 47 (11.2) 7(9.9)
Vaccination symptoms (before Time 2)* 487 2.0 (1.0-4.0) 416 2.0 (1.0-4.0) 71 3.0 (1.0-5.0)
Neutralising antibodies (before Time 2)* 491 320.0 (160.0-1000) 420 320.0 (160.0-1000) 71 640.0 (240.0-1000)

*P50 (P25-P75)
Legend: N, number

https://doi.org/10.1371/journal.pgph.0004066.t002
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of staff and 2.8% of students). The median for conspiratorial beliefs was 10.0 (0-25.0) for staff
and 10.0 (0-28.5) for students on a Likert scale ranging from 0 (fully disagree) to 100 (fully
agree).

Regarding COVID-19 personal history, 18.3% of participants (16.7% of staff and 28.2% of
students) had a prior SARS-CoV-2 infection before completing the questionnaire for Time 1
and 69.3% (69.1% of staff and 70.4% of students) before completing the questionnaire for
Time 2. The median past intention regarding COVID-19 vaccination was 90.0 (60.0-100) 90.0
(60.0-100) for staff and 90.0 (52.0-100) for students for primo-vaccination at the end of 2020,
100 (82.0-100) 100 (83.8-100) for staff and 100 (80.0-100) for students, for primo-vaccination
at the time of enrolment in the SARSSURYV study (since April 2021), 100 (85.0-100) 100
(86.5-100) for staff and 99.0 (81.0-100) for students for the booster dose (between 13 October
and 26 December 2021) and 72.0 (40.0-99.0) (72.5 (40.0-100) for staff and 71.0 (40.5-89.0) for
students) for the second booster dose (between 12 July and 22 September 2022). Finally, 89.0%
of participants (88.8% of staff and 90.1% of students) had been fully vaccinated (primary vacci-
nation and booster dose) before completing the second questionnaire. After the COVID-19
vaccination, participants reported a median symptoms score of 2.0 (1.0-4.0) (2.0 (1.0-4.0) for
staff and 3.0 (1.0-5.0) for students). Median neutralising antibody titer was 320.0 (160.0-1000)
(320.0 (160.0-1000) for staff and 640.0 (240.0-1000) for students) before Time 2.

Impact of COVID-19 vaccination on confusion about vaccination in
general and its change

Impact of COVID-19 vaccination on confusion about vaccination in general is shown in Fig 2.
Regarding Time 1 (April-June 2021; participants not yet primary COVID-19 vaccinated),
41.3% of participants (41.0% of staff and 43.7% of students) seemed to perceive less impact,
24.2% (25.0% of staff and 22.5% of students) a moderate impact and 34.4% (34.0% of staff and
33.8% of students) a higher impact. Regarding Time 2 (July-September 2022); participants had
not yet received a second booster dose, 35.4% of participants (33.8% of staft and 45.1% of stu-
dents) seemed to perceive less impact, 28.7% (29.0% of staff and 32.4% of students) moderate
impact and 35.8% (37.1% of staff and 22.5% of students) higher impact.

The change of the impact of the COVID-19 vaccination on confusion about vaccination in
general is shown in Table 3. There was no change for 55.2% of participants (54.5% of staff and
56.3% of students), an increase in confusion for 25.5% of participants (26.2% of staft (CI 95%:
22.0-30.7) and 19.7% of students (CI 95%: 11.2-30.9)) and a decrease in confusion for 19.4%
of participants (19.3% of staft (CI 95%: 15.6-23.4) and 23.9% of students (CI 95%: 14.6-35.5)).
The difference between staff and students was insignificant.

Factors influencing the impact of COVID-19 vaccination on confusion
about vaccination in general at Time 1, Time 2 and its change

Results of univariate and multivariate analyses of factors influencing impact of vaccination
against COVID-19 on confusion about vaccination in general at Time 1 among staff members
and students are presented in Table 4.

Among staff members, multivariate analysis showed that determinants; careful person, to
be sick, health literacy, to have had an adverse event after a past vaccination in general and
trust in preferred source of information, were significantly associated with the impact of
COVID-19 vaccination on confusion about vaccination in general. People who took better
care of themselves were less likely to be more confused about vaccination in general
(OR =0.98 (95% CI: 0.97-1.00)). Participants who were more often sick (OR = 1.01 (1.00-
1.02)) with lower health literacy (OR = 1.02 (1.01-1.04)), were more likely to be more confused
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Fig 2. Impact of COVID-19 vaccination on confusion surrounding vaccination in general among staff and students at Time 1 and

Time 2.

https://doi.org/10.1371/journal.pgph.0004066.9g002

about vaccination in general. Staff members who didn’t know if they had an adverse event
after a past vaccination were more likely to be more confused about vaccination in general
compared to participants who reported no prior adverse event (OR = 4.03 (1.36-13.11)). If
they showed a higher level of trust in their preferred source of information, there was a lower
likelihood that participants would be more confused about vaccination in general (OR = 0.98
(0.97-0.99)).

Multivariate analysis of students revealed that health literacy and primo-vaccination inten-
tion at the time of SARSSURYV enrolment were significantly associated with confusion about
vaccination in general. The lower the level of health literacy, the more likely participants were
to be more confused about vaccination in general (OR = 1.04 (1.01-1.08)). The higher the level
of primo-vaccination intention of participants at SARSSURYV enrolment, the less likely they
were to be more confused about vaccination in general (OR = 0.96 (0.92-1.00)).

The results of univariate and multivariate analyses of factors influencing confusion about
vaccination in general at Time 2 among staff members and students are shown in Table 5.

Table 3. Change of the impact of the COVID-19 vaccination on confusion about vaccination in general among participants included in Time 1 and Time 2

(N =491).
All (N =491) Staff (N = 420) Students (N =71)
Variable N (%) N (%) N (%)
Confusion about vaccination in general
Decrease 95 (19.4) 81 (19.3) 17 (23.9)
Unchanged 271 (55.2) 229 (54.5) 40 (56.3)
Increase 125 (25.5) 110 (26.2) 14 (19.7)

Abbreviation: N, number

https://doi.org/10.1371/journal.pgph.0004066.t003
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Table 4. Results of univariate and multivariate ordinal logistical regressions analyses of factors influencing impact of vaccination against COVID-19 on confusion
about vaccination in general at Time 1 among staff members and students (modelling the probability of increasing impact).

Staff Students
Univariate Multivariate (n = 419) Univariate Multivariate
(n=71)
Variable n | OR (95%CI) P OR (95%CI) P n | OR (95%CI) P OR (95%CI) | P
Gender 420 0.64 71 0.036 0.28
Female (vs male) 1.09 (0.76- 2.66 (1.07- 1.98 (0.58-
1.57) 6.94) 7.02)
Age (years) 420 0.99 (0.97- 0.21 71 0.98 (0.91- 0.63
1.01) 1.06)
Highest level of education 420 0.0011 03271 0.28
Bachelor’s degree (vs. High school and lower) 0.50 (0.18- 0.95 (0.30- 2.73 (0.46-
1.32) 2.80) 21.73)
University (vs. High School and lower) 0.28 (0.10- 0.68 (0.22- 0.66 (0.26—
0.71)* 1.97) 1.65)
Body Mass Index (kg/m>2) 420|  1.00 (0.96- 0.94 71| 0.97 (0.86- 0.64
1.04) 1.10)
Chronic diseases 420 1.04 (0.78- 0.79 71 1.20 (0.42- 0.72
1.38) 3.46)
Careful person 420 0.98 (0.97- 0.0026 0.98 (0.97- 0.014 | 71 0.98 (0.96— 0.24
0.99) 1.00) 1.01)
Careful about health 420 1.00 (0.99- 0.42 71 0.99 (0.97- 0.44
1.01) 1.01)
More likely to be sick 420 1.02 (1.01- 0.0001 1.01 (1.00- 0.025 | 71 1.01 (0.99- 0.30
1.03) 1.02) 1.04)
Anxious person 420 1.00 (0.99- 0.97 71 1.02 (1.00- 0.028 1.01 (0.99- | 0.33
1.01) 1.03) 1.03)
Health literacy 420 1.03 (1.02- | <0.0001 1.02 (1.01- | <0.0001 | 71 1.05 (1.02- 0.0002 1.04 (1.01- | 0.015
1.04) 1.04) 1.09) 1.08)
Vaccination record 420 0.0026 0.053 | 71 0.51
No (vs. Yes) 1.25 (0.84- 1.30 (0.84- 2.04 (0.40-
1.86) 2.02) 11.43)
I don’t know (vs. Yes) 2.56 (1.50- 2.06 (1.13- 1.78 (0.47-
4.43)* 3.79) 6.95)
Last tetanus booster 420 0.058 71 0.023 0.053
I don’t know (vs. I know) 1.41 (0.99- 2.77 (1.15- 3.02 (0.99-
2.01) 6.88) 9.68)
Adverse event after a vaccination 420 0.0003 0.039 | 71 0.011 0.074
Event (vs. No event) 1.05 (0.69- 1.03 (0.61- 4.21 (1.63- 3.60 (1.12-
1.60) 1.73) 11.34)* 12.31)
I don’t know (vs. No event) 5.98 (2.44- 4.03 (1.36- 1.25 (0.15- 0.63 (0.04-
16.86)* 13.11)* 8.68) 6.97)
Adverse event after a vaccination (entourage) 420 0.0028 045 |71 0.42
Event (vs. No event) 1.30 (0.90- 1.35 (0.85- 1.74 (0.63-
1.90) 2.14) 4.97)
I don’t know (vs. No event) 3.13 (1.61- 1.17 (0.51- 2.36 (0.58-
6.28)* 2.68) 10.01)
Events that discourage vaccination 420 0.019 0.54 | 71 0.88
Yes (vs. No) 3.01 (1.20- 1.40 (0.48- 1.24 (0.05-
8.22) 4.34) 33.66)
Events that encourage vaccination 420 0.19 71 0.38
No (vs. Yes) 1.33 (0.87- 0.65 (0.24-
2.05) 1.73)
(Continued)
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Table 4. (Continued)

Variable
Trust granted in priority by the authorities

Electoral and macroeconomics interests (vs.
Health of the population)
Trust vaccines producers

Preferred source information

Scientists

Participant’s entourage

Health professionals
Trust source information
Conspiratorial beliefs

Prior SARS-CoV-2 infection (before Time 1)
Yes (vs. No)

Primo-vaccination intention (end of 2020)

Primo-vaccination intention (at SARSSURV
enrollment)

n, number; OR, odds ratio; P, p-value

*, significant p-value < 0.05

https://doi.org/10.1371/journal.pgph.0004066.t004

Staff Students
Univariate Multivariate (n = 419) Univariate Multivariate
(n=71)
n | OR (95%CI) P OR (95%CI) P n | OR (95%CI) P OR (95%CI) P
420 0.0021 0.36 | 71 0.26
1.77 (1.23- 1.22 (0.80- 0.61 (0.25-
2.55) 1.85) 1.45)
420 0.98 (0.98- | <0.0001 1.00 (0.99- 0.78 | 71 0.98 (0.96- 0.029 1.00 (0.98- | 0.69
0.99) 1.01) 1.00) 1.03)
419 0.0030 0.065 | 71 0.29
0.69 (0.46- 1.43 (0.87- 0.36 (0.13-
1.03) 2.39) 1.01)
1.38 (0.43- 1.43 (0.40- 0.64 (0.02—
4.57) 5.22) 18.66)
1.72 (1.04- 2.50 (1.28- 0.54 (0.14-
2.86)* 4.94) 2.06)
419 0.98 (0.97- | <0.0001 0.98 (0.97- 0.0053 | 71 0.97 (0.94- 0.018 1.00 (0.96- | 0.87
0.99)* 0.99) 1.00) 1.03)
420 1.03 (1.02- | <0.0001 1.01 (1.00- 0.17 | 71 1.05 (1.02- | <0.0001 1.02 (0.98- | 0.31
1.04) 1.02) 1.08) 1.06)
420 0.46 71 0.98
1.19 (0.74- 0.99 (0.37-
1.92) 2.61)
420 0.98 (0.98- | <0.0001 0.99 (0.99- 0.19 | 71 0.98 (0.97- 0.0081 1.01 (0.99- | 0.35
0.99) 1.00) 1.00) 1.04)
420 0.97 (0.96- | <0.0001 1.00 (0.98- 0.80 | 71 0.96 (0.93- | <0.0001 0.96 (0.92- | 0.033
0.98) 1.01) 0.98) 1.00)

Among staff members, multivariate analysis showed that determinants; careful person,
health literacy, to have a record vaccination, trust towards vaccines producers, preferred
source of information and conspiratorial beliefs, were significantly associated with the impact
of vaccination against COVID-19 on confusion about vaccination in general. The more careful
participants were, the less likely they were to be more confused about vaccination in general
(OR =0.98 (0.97-1.00)). The participants with lower health literacy, were more likely to be
more confused about vaccination in general (OR = 1.02 (1.00-1.03)). Staff members who did
not know if they had a vaccination record were more likely to be more confused about vaccina-
tion in general compared to participants who had a vaccination record (OR = 2.16 (1.14-
4.16)). The higher trust in vaccines producers, the less likely participants were to be more con-
fused about vaccination in general (OR = 0.99 (0.98-1.00)). Participants who gave scientists as
their preferred source of information were less likely to be more confused about vaccination in
general (OR = 0.51 (0.30-0.87)). The higher their level of agreement with the anti-vaccination
arguments that were circulating during the pandemic, the more likely participants were to be
confused about vaccination in general (OR = 1.02 (1.01-1.04)).

Multivariate analysis of students showed that the determinant “careful about health” was
significantly associated with the impact of vaccination against COVID-19 on confusion about
vaccination in general. The higher their level of care about their health, the less likely partici-
pants were to be confused about vaccination in general (OR = 0.97 (0.95-1.00)).
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Table 5. Results of univariate and multivariate ordinal logistical regressions analyses of factors influencing impact of vaccination against COVID-19 on confusion
about vaccination in general at Time 2 among staff members and students (modelling the probability of increasing impact).

Staff Students
Univariate Multivariate (n = 362) Univariate Multivariate
(n=71)
Variable n | OR (95%CI) P OR (95%CI) P n | OR (95%CI) P | OR(95%CI) | P
Gender 420 0.021 0.053 | 71 0.59
Female (vs male) 1.53 (1.07- 1.55 (0.99- 1.29 (0.51-
221) 2.42) 3.31)
Age (years) 420 0.99 (0.97- 0.14 71 0.95(0.87- | 0.17
1.00) 1.02)
Highest level of education 420 0.0030 0.32 |71 0.30
Bachelor’s degree (vs. High school and lower) 0.28 (0.09- 0.54 (0.12- 2.79 (0.38-
0.72)* 2.08) 24.54)
University (vs. High School and lower) 0.22 (0.08- 0.78 (0.18- 0.64 (0.25-
0.54)* 2.95) 1.59)
Body Mass Index (kg/mz) 420 1.00 (0.96- 0.96 71 0.88 (0.77- | 0.054
1.04) 1.00)
Chronic diseases 420 1.08 (0.79- 0.63 71 0.92 (0.30- | 0.88
1.46) 2.58)
Careful person 420 0.98 (0.97- 0.0005 0.98 (0.97- | 0.0078 | 71 0.97 (0.94- | 0.037 0.99 (0.96- | 0.61
0.99) 1.00) 1.00) 1.02)
Careful about health 420 1.00 (0.99- 0.60 71 0.98 (0.96- | 0.012 0.97 (0.95- | 0.027
1.01) 0.99) 1.00)
More likely to be sick 420 1.01 (1.00- 0.038 1.01 (1.00- 0.23 |71 1.01 (0.99- | 0.52
1.02) 1.02) 1.03)
Anxious person 420 1.00 (1.00- 0.31 71 1.00 (0.99- | 0.69
1.01) 1.02)
Health literacy 420 1.03 (1.02- | <0.0001 1.02 (1.00- | 0.0058 | 71 1.02 (1.00- | 0.070
1.04) 1.03) 1.05)
Vaccination record 420 0.0012 0.023 | 71 0.75
No (vs. Yes) 1.07 (0.72- 0.84 (0.52— 1.81 (0.29-
1.59) 1.34) 11.45)
I don’t know (vs. Yes) 2.64 (1.55- 2.16 (1.14- 1.37 (0.34-
4.59)* 4.16)* 5.37)
Last tetanus booster 420 0.39 71 0.042 2.55(0.98- | 0.055
6.79)
I don’t know (vs. I know) 1.17 (0.82- 2.52 (1.03-
1.66) 6.28)
Adverse event after a vaccination 420 0.68 71 0.30
Event (vs. No event) 0.96 (0.63- 1.79 (0.70-
1.46) 4.61)
I don’t know (vs. No event) 1.40 (0.63— 0.41 (0.02-
3.20) 3.72)
Adverse event after a vaccination (entourage) 420 0.17 71 0.20
Event (vs. No event) 0.90 (0.62— 0.91 (0.34-
1.30) 2.43)
I don’t know (vs. No event) 1.68 (0.88- 3.12 (0.74-
3.26) 14.08)
Events that discourage vaccination 420 0.70 71 /
Yes (vs. No) 1.19 (0.50- /
2.84)
Events that encourage vaccination 420 0.16 71 0.48
No (vs. Yes) 1.35 (0.89- 0.70 (0.26-
2.06) 1.91)
(Continued)
PLOS Gilobal Public Health | https://doi.org/10.1371/journal.pgph.0004066 December 19, 2024 16/28


https://doi.org/10.1371/journal.pgph.0004066

PLOS GLOBAL PUBLIC HEALTH

Impact of the COVID-19 vaccination on confusion around vaccination in general

Table 5. (Continued)

Staff Students
Univariate Multivariate (n = 362) Univariate Multivariate
(n=71)
Variable n | OR (95%CI) P OR (95%CI) P n | OR (95%CI) P OR (95%CI) P
Trust granted in priority by the authorities 420 <0.0001 0.17 | 71 0.55
Electoral and macroeconomics interests (vs. Health of 2.40 (1.66- 1.37 (0.87- 1.31 (0.54-
the population) 3.48) 2.16) 3.17)
Trust vaccines producers 420 0.98 (0.97- | <0.0001 0.99 (0.98-| 0.047 | 71 1.00 (0.98- | 0.98
0.99) 1.00) 1.02)
Preferred source information 419 0.0002 0.043 | 71 0.089
Scientists 0.52 (0.34- 0.51 (0.30- 0.44 (0.16-
0.77)* 0.87)* 1.21)
Participant’s entourage 1.71 (0.55- 1.99 (0.44- 3.58 (0.27-
5.94) 10.77) 88.86)
Health professionals 1.32 (0.79- 0.69 (0.32- 1.55 (0.40-
2.21) 1.46) 6.13)
Trust source information 419 0.98 (0.97- | <0.0001 1.00 (0.99- 0.54 |71 0.98 (0.96- | 0.11
0.99) 1.02) 1.00)
Conspiratorial beliefs 420 1.04 (1.03- | <0.0001 1.02 (1.01- | 0.0043 | 71 1.03 (1.00- | 0.016 1.02 (0.99- | 0.25
1.06) 1.04) 1.05) 1.05)
Prior SARS-CoV-2 infection (before Time 1) 420 0.50 71 0.43
Yes (vs. No) 0.85 (0.53- 1.48 (0.56-
1.36) 3.93)
Prior SARS-CoV-2 infection (before Time 2) 420 0.81 71 0.54
Yes (vs. No) 0.95 (0.65- 0.74 (0.29-
1.40) 1.92)
Primo-vaccination intention (end of 2020) 420 0.99 (0.98- | <0.0001 1.00 (0.99- 0.88 | 71 0.99 (0.98- | 0.35
0.99) 1.01) 1.01)
Primo-vaccination intention (at SARSSURYV enrollment) | 420 0.97 (0.96- | <0.0001 0.99 (0.97- 0.13 |71 0.98 (0.96- | 0.038 0.99 (0.97- | 0.47
0.98) 1.00) 1.00) 1.02)
Booster intention 363 0.98 (0.97- | <0.0001 0.99 (0.98- 0.47 | 59 1.01 (0.98- | 0.53
0.99) 1.01) 1.03)
Second booster intention 420 0.99 (0.98- | <0.0001 0.99 (0.99- 0.12 |71 1.00 (0.98- | 0.65
0.99) 1.00) 1.01)
Vaccine status (before Time 2) 420 0.04 0.26 | 71 0.18
Complete (vs. Incomplete) 0.55 (0.31- 1.65 (0.68- 3.11 (0.63-
0.96) 3.98) 22.77)
Vaccination symptoms (before Time 2) 416 1.06 (0.98- 0.14 71 0.90 (0.71- | 0.38
1.14) 1.13)
Neutralizing antibodies (before Time 2) 420 1.00 (1.00- 0.46 71 1.00 (1.00- | 0.50
1.00) 1.00)

n, number; OR, odds ratio; P, p-value

*, significant p-value < 0.05

https://doi.org/10.1371/journal.pgph.0004066.t005

Results of univariate and multivariate analyses of factors influencing the change of impact

of vaccination against COVID-19 on confusion about vaccination in general among staff

members and students are shown in Tables 6 and 7.

Multivariate analysis of staff members showed that those who were careful about their

health and recalled events that encourage vaccination were significantly associated with the
change in the level of confusion about vaccination in general. The participants who were more
careful about their health, were more likely to be more confused about vaccination in general
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(OR =1.02 (1.00-1.03)). Participants who had no previous experience of events that encour-
aged vaccination were less likely to decrease their confusion about vaccination in general

(OR = 0.47 (0.26-0.84)) and more likely not to change their mind through the impact of vacci-
nation against COVID-19 on confusion about vaccination in general.

Among students, multivariate analysis showed that health literacy and trust in vaccine pro-
ducers were significantly associated with the change in the level of confusion about vaccination
in general. The participants with a lower level of health literacy, were more likely to be less con-
fused about vaccination in general (OR = 1.04 (1.01-1.07)). The higher their trust in vaccine
producers, the more likely participants were to be more confused about vaccination in general
(OR = 1.03 (1.00-1.06)).

Discussion

To the best of our knowledge, this is the first time in Belgium that the factors associated with
the impact of vaccination against COVID-19 on the confusion about vaccination in general
and the changes over time in scheduling vaccination against COVID-19 have been studied in
an academic population, namely staff and students at the University of Liege. Indeed, most
articles on the impact of vaccination against COVID-19 on the perception on the vaccination
in general are cross-sectional studies [e.g. 45-52] or longitudinal studies mainly conducted
during the first waves of the pandemic [e.g. 55, 56] and articles that offer a dynamic approach
at different times of the pandemic with a view to understanding such changes are few. The
results of the present study will help identify key messages.

Impact of vaccination against COVID-19 on confusion about vaccination
in general

The results of the present study show that of the 491 University of Li¢ge staff members and stu-
dents who participated in the study, about 25% of the participants demonstrated increased
confusion about vaccination in general between prior to primary vaccination against COVID-
19 (Time 1) and the second booster dose (Time 2). These results are similar to those of a study
conducted in France between 25 April and 9 May 2022, which showed that 30% of participants
declared to losing confidence in vaccination programmes in general [53]. In addition, the
results of the present study showed that staff members seemed to have more highly increased
confusion levels compared to the students (26.2% vs 19.7%, respectively). However, this differ-
ence was not significant. This result from the present study showed an opposite trend to that
of the study mentioned above which found that younger participants had less confidence than
before the COVID-19 vaccination campaign in vaccines in general [53]. However, possible
explanations could be that the perception of the usefulness of vaccinating against infectious
diseases changes with age [54], information about declining effectiveness in preventing infec-
tion and severe illness [42], limited protection against variants [43] requiring several doses in a
short period of time. Other explanations are differences in the survey period (April to Septem-
ber 2022 in our study; April and May 2022 in [53]), the study population (university popula-
tion in our study; adult general population in ®53]) and the wording of the question to
perceive the impact of COVID-19 vaccination on vaccination in general (“What impact has the
COVID-19 vaccination campaign had on your confidence in vaccines in general?” in [53]).

In terms of practical implications, the results from the present study showed that the
COVID-19 pandemic context reinforced more general vaccine hesitancy. The results also con-
firmed that “vaccine hesitancy is complex and context specific, varying across time, place and
vaccines. It is influenced by factors such as complacency, convenience and confidence.” as men-
tioned by MacDonald (2015) [9] and reinforces the importance of continuous monitoring of
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Table 6. Results of univariate and multivariate multinomial logistical regressions analyses of factors influencing change of impact of vaccination against COVID-
19 on confusion about vaccination in general among staff members.

Univariate Multivariate (n = 420)
n Decrease vs Increase vs P Decrease vs Increase vs P
Unchanged Unchanged Unchanged Unchanged
Variable OR (95%CI) OR (95%CI) OR (95%CI) OR (95%CI)

Gender 420 0.17

Female (vs male) 1.14 (0.68-1.92) 1.58 (0.98-2.57)
Age (years) 420 0.99 (0.96-1.01) 0.99 (0.96-1.01) | 0.44
Highest level of education 420 0.70

Bachelor’s degree (vs. High school and lower) 1.11 (0.32-3.81) 0.85(0.27-2.71)

University (vs. High School and lower) 0.92 (0.28-3.00) 1.14 (0.38-3.40)
Body Mass Index (kg/mz) 420 1.00 (0.95-1.06) 0.98 (0.93-1.03) | 0.72
Chronic diseases 420 0.98 (0.64-1.50) 0.95 (0.65-1.39) | 0.97
Careful person 420 1.01 (0.99-1.02) 1.00 (0.98-1.01) | 0.78
Careful about health 420 1.01 (0.99-1.02) 1.01 (1.00-1.03)* | 0.044 1.01 (1.00-1.02) 1.02 (1.00-1.03)* | 0.042
More likely to be sick 420 1.01 (1.00-1.02) 1.00 (0.99-1.01) | 0.085
Anxious person 420 1.00 (0.99-1.01) 1.00 (1.00-1.01) | 0.51
Health literacy 420 0.99 (0.98-1.00) 0.99 (0.97-1.00) | 0.10
Vaccination record 420 0.82

No (vs. Yes) 1.08 (0.62-1.89) 0.77 (0.46-1.29)

I don’t know (vs. Yes) 0.93 (0.43-2.01) 0.95 (0.49-1.84)
Last tetanus booster 420 0.59

I don’t know (vs. I know) 1.09 (0.66-1.81) 0.82 (0.52-1.30)
Adverse event after a vaccination 420 0.13

Event (vs. No event) 1.35 (0.74-2.45) 1.06 (0.62-1.82)

I don’t know (vs. No event) 2.14 (0.83-5.52) 0.34 (0.07-1.55)
Adverse event after a vaccination (entourage) 420 0.083
Event (vs. No event) 1.97 (1.14-3.39) 1.11 (0.69-1.79)

I don’t know (vs. No event) 1.42 (0.60-3.34) 0.58 (0.24-1.42)
Events that discourage vaccination 420 0.063

Yes (vs. No) 0.86 (0.27-2.73) 0.15 (0.02-1.18)
Events that encourage vaccination 420 0.024 0.023

No (vs. Yes) 0.47 (0.26-0.85)* 0.59 (0.34-1.02) 0.47 (0.26-0.84)* 0.58 (0.34-1.01)
Trust granted in priority by the authorities 420 0.46
Electoral and macroeconomics interests (vs. Health of 0.85 (0.50-1.43) 1.22 (0.77-1.93)
the population)
Trust vaccines producers 420 1.01 (1.00-1.02) 1.00 (0.99-1.01) | 0.34
Preferred source information 419 0.44
Scientists 1.58 (0.87-2.86) 0.93 (0.56-1.56)

Participant’s entourage 1.89 (0.33-10.98) 2.47 (0.63-9.67)

Health professionals 1.48 (0.73-3.02) 0.77 (0.40-1.49)
Trust source information 419 1.01 (0.99-1.02) 1.01 (1.00-1.02) | 0.30
Conspiratorial beliefs 420 1.00 (0.99-1.01) 1.00 (0.99-1.01) | 0.95
Prior SARS-CoV-2 infection (before Time 1) 420 0.78

Yes (vs. No) 0.99 (0.51-1.93) 0.80 (0.43-1.51)
Prior SARS-CoV-2 infection (before Time 2) 420 0.45

Yes (vs. No) 0.79 (0.46-1.37) 0.75 (0.46-1.22)
Primo-vaccination intention (end of 2020) 420 1.00 (0.99-1.01) 1.00 (1.00-1.01) | 0.47

(Continued)
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Table 6. (Continued)

Variable

Primo-vaccination intention (at SARSSURV
enrollment)

Booster intention

Second booster intention

Vaccine status (before Time 2)
Complete (vs. Incomplete)

Vaccination symptoms (before Time 2)

Neutralizing antibodies (before Time 2)

n, number; OR, odds ratio; P, p-value

*, significant p-value < 0.05

https://doi.org/10.1371/journal.pgph.0004066.t006

420

363
420
420

416
420

Univariate

Decrease vs
Unchanged

OR (95%CI)
1.01 (0.99-1.02)

1.00 (0.99-1.01)
1.00 (0.99-1.01)

0.75 (0.35-1.60)
1.04 (0.94-1.16)
1.00 (1.00-1.00)

Increase vs

Unchanged
OR (95%CI)

1.01 (0.99-1.02)

1.00 (0.99-1.01)
1.00 (0.99-1.00)

0.96 (0.46-1.99)
1.05 (0.95-1.15)
1.00 (1.00-1.00)

0.50

0.99
0.73
0.75

0.54
0.61

Multivariate (n = 420)

vaccine hesitancy and vaccine decisions for different vaccines after the COVID-19 crisis.
Indeed, it is the psychosocial, political, and structural factors which emerge in response to the
pandemic which have led to a rise in hesitancy.

Factors influencing the impact of vaccination against COVID-19 on
confusion about vaccination in general

The results have demonstrated the influence of a higher number of individual factors (general
self-perception, health literacy, past experiences with vaccination) compared to factors linked
to the COVID-19 episode, on confusion towards vaccination in general during the COVID-19
pandemic. Similar results have been produced in other studies which sought to study the
determinants of vaccination intention/vaccine attitude during the pandemic. For example, a
number of reviews found in the literature highlighted the influence of health literacy [65] and
a lack of recent history of flu vaccination [17] on vaccine hesitancy against COVID-19. Other
studies have shown that flu vaccination in (previous) flu seasons [46, 48] or the importance of
being vaccinated against flu [46] were associated with the intention to have the flu vaccine or a
more positive attitude towards receiving the flu vaccine. The results from this study highlight
the influence of cognitive aspects (health literacy) and affective aspects on confusion towards

vaccination in general. In terms of practical implications, public information and awareness
campaigns need to not only focus on understanding vaccines but must also take aspects such
as general self-perception into consideration. These results were consistent with the methods
proposed by psychology researchers, notably Michie et al. (2020), who recommended a broad
spectrum of components to take into account in behavioural monitoring linked to COVID-19
[66]. In addition, it is important to consider factors linked to past vaccination in information
campaigns and to offer systematic and differentiated follow-up to people with a negative previ-
ous vaccination experience. The influence of individual factors on general vaccination confu-
sion during the COVID-19 pandemic required a more personalised approach to raise
awareness of the benefits of vaccination amongst the general public.

With the progress of the pandemic and the COVID-19 vaccination, and in addition to the

influence of factors unrelated to the pandemic, a higher number of factors linked to the context
(COVID-19 episode) (vaccine producer confidence, preferred source of information, conspir-
acy beliefs) seem to have impacted confusion towards vaccination in general, particularly

PLOS Gilobal Public Health | https://doi.org/10.1371/journal.pgph.0004066 December 19, 2024 20/28


https://doi.org/10.1371/journal.pgph.0004066.t006
https://doi.org/10.1371/journal.pgph.0004066

PLOS GLOBAL PUBLIC HEALTH

Impact of the COVID-19 vaccination on confusion around vaccination in general

Table 7. Results of univariate and multivariate multinomial logistical regressions analyses of factors influencing change of impact of vaccination against COVID-

19 on confusion about vaccination in general among students.

Univariate Multivariate (n = 71)
n Decrease vs Increase vs P Decrease vs Increase vs P
Unchanged Unchanged Unchanged Unchanged
Variable OR (95%CI) OR (95%CI) OR (95%CI) OR (95%CI)

Gender 71 0.081

Female (vs male) 5.00 (1.00-24.90) 1.20 (0.34-4.24)
Age (years) 71 1.04 (0.95-1.14) 1.03 (0.93-1.14) | 0.66
Highest level of education 71 0.97

Bachelor’s degree (vs. High school and lower) 0.78 (0.07-8.52) 1.17 (0.10-13.36)

University (vs. High School and lower) 1.02 (0.31-3.33) 1.53 (0.43-5.45)
Body Mass Index (kg/mz) 71 1.02 (0.88-1.18) 0.99 (0.84-1.17) | 0.96
Chronic diseases 71 0.90 (0.26-3.09) 0.40 (0.06-2.94) | 0.59
Careful person 71 1.01 (0.97-1.05) 1.00 (0.96-1.03) | 0.75
Careful about health 71 1.03 (1.00-1.06) 1.00 (0.98-1.03) | 0.14
More likely to be sick 71 1.02 (0.99-1.05) 1.01 (0.98-1.04) | 0.40
Anxious person 71 1.02 (1.00-1.04) 1.00 (0.98-1.02) | 0.16
Health literacy 71 1.04 (1.01-1.07)* 1.02 (0.98-1.05) | 0.035 1.04 (1.01-1.07)* 1.02 (0.99-1.06) | 0.040
Vaccination record 71 1.00

No (vs. Yes) 0.76 (0.07-7.98) 0.97 (0.09-10.32)

I don’t know (vs. Yes) 0.91 (0.16-5.29) 1.16 (0.20-6.88)
Last tetanus booster 71 0.89

I don’t know (vs. I know) 0.77 (0.25-2.44) 0.83 (0.24-2.83)
Adverse event after a vaccination 71 0.43

Event (vs. No event) 2.47 (0.75-8.16) 0.58 (0.13-2.47)

I don’t know (vs. No event) 1.79 (0.14-22.70) 1.25 (0.10-15.38)
Adverse event after a vaccination (entourage) 71 0.49

Event (vs. No event) 1.50 (0.39-5.75) 0.50 (0.13-1.92)

I don’t know (vs. No event) 0.39 (0.04-4.28) 0.52 (0.08-3.36)
Events that discourage vaccination 71 /

Yes (vs. No) / /
Events that encourage vaccination 71 0.82

No (vs. Yes) 0.70 (0.19-2.51) 0.73 (0.18-2.88)
Trust granted in priority by the authorities 71 0.12

Electoral and macroeconomics interests (vs. Health of 0.29 (0.09-0.96) 0.72 (0.21-2.49)
the population)
Trust vaccines producers 71 0.99 (0.97-1.01) 1.03 (1.00-1.06)* | 0.022 0.99 (0.97-1.02) 1.03 (1.00-1.06)* | 0.025
Preferred source information 71 /

Scientists / /

Participant’s entourage / /

Health professionals / /
Trust source information 71 1.00 (0.97-1.02) 1.03 (0.99-1.08) | 0.24
Conspiratorial beliefs 71 1.01 (0.99-1.04) 0.98 (0.94-1.02) | 0.18
Prior SARS-CoV-2 infection (before Time 1) 71 0.75

Yes (vs. No) 0.81 (0.22-3.03) 1.46 (0.40-5.35)
Prior SARS-CoV-2 infection (before Time 2) 71 0.73

Yes (vs. No) 1.16 (0.34-3.97) 1.77 (0.42-7.44)
Primo-vaccination intention (end of 2020) 71 0.99 (0.98-1.01) 1.02 (0.99-1.04) | 0.19

(Continued)
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Table 7. (Continued)

Variable

Primo-vaccination intention (at SARSSURV
enrollment)

Booster intention

Second booster intention

Vaccine status (before Time 2)
Incomplete (vs. Complete)

Vaccination symptoms (before Time 2)

Neutralizing antibodies (before Time 2)

Abbreviations: n, number; OR, odds ratio; P, p-value

*, significant p-value < 0.05

https://doi.org/10.1371/journal.pgph.0004066.t007

71

59
71
71

71
71

Univariate

Decrease vs
Unchanged

OR (95%CI)
0.99 (0.97-1.01)

1.00 (0.97-1.03)
1.00 (0.98-1.02)

/
0.93 (0.70-1.25)
1.00 (1.00-1.00)

Increase vs

Unchanged
OR (95%CI)

1.05 (0.99-1.11)

1.03 (0.98-1.08)
1.02 (0.99-1.04)

/
0.95 (0.70-1.30)
1.00 (1.00-1.00)

Multivariate (n = 71)

P Decrease vs Increase vs P

Unchanged Unchanged

OR (95%CI) OR (95%CI)
0.051
0.40
0.35
/
0.88
0.86

among the staff members of the participants. Other studies have found that conspiracy beliefs,
scepticism around vaccine production, inadequate or lack of information about the vaccine
and a lack of trust in traditional sources of information were predictors of vaccine hesitancy
against COVID-19 [21, 36] and that COVID-19 related conspiracy beliefs were associated with
general attitudes towards vaccines [67]. These results refer to the impacts caused by the info-
demic, also present throughout the COVID-19 pandemic, which have already been mentioned
in other studies. Indeed, a systematic examination of reviews showed the effects of infodemics
and in particular the impact on reducing patients’ willingness to be vaccinated and increased
panic and stress [68], especially since health misinformation on vaccines is common on social
media [68]. In terms of practical implications, these results highlight the importance for aware-
ness campaigns of transparent communication based on current knowledge and uncertainties,
communicating evidence-based information and adapting messages according to the change
of the pandemic while considering the above factors on which it is possible to act (i.e. health
literacy) for people to gain a better understanding of the situation. Indeed, increasing health
literacy seems to be paramount to fight against the infodemic [68].

Research prospects

In terms of future research prospects, similar studies need to be carried out on a larger cohort
and the general population, in order to develop appropriate public health interventions that
inform people more clearly about their confusion around vaccination in general due to the
COVID-19 pandemic. Further studies also need to be conducted to measure the real impact of
the COVID-19 vaccination on vaccination behaviour in general in a specific context such as
ULiege population. In addition, it would be interesting to have a common basic consensus
around the concept of vaccine hesitancy (definition, measurement tools, etc.), even if specifici-
ties will always have to be taken into account depending on the context. This would facilitate
researchers’ understanding and the comparison of results with other studies.

Strengths of the study

This study was able to go further than previous major studies and to follow changes in the
impact of vaccination against COVID-19 on the confusion about vaccination in general at dif-
ferent times of the COVID-19 vaccination schedule, namely before participants had been
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primary vaccinated (Time 1) and before participants had received the second booster dose
(Time 2). The data were also well detailed and documented. Analyses were carried out on a
large number of determinants that could have an influence on confusion surrounding vaccina-
tion in general, including particular determinants relating to past vaccination as well as vacci-
nation relating to the COVID-19 pandemic. University populations, namely students and staff
members, provided data from a closed population, which in turn facilitated action on the fac-
tors that influence the impact on vaccination against COVID-19 on the confusion about vacci-
nation in general and its change in a specific population.

Limits of the study

The results may not be wholly representative of the university population and therefore cannot
be applied to the Belgian population at large because (1) participants in the study were a volun-
teer sample from a highly educated university population with high health literacy, intention
to receive a COVID-19 vaccine and generally did so, (2) the cutoff of the impact on vaccination
against COVID-19 on the confusion about vaccination in general was calculated based on the
tertiles of our sample, and (3) the sample was very small, consisting of only 71 students. There
was also a social-desirability bias that may have influenced the results, although the question-
naires were administered to participants via an online platform in order to minimise bias.
Next, and in order to compare data on the participants’ confusion about vaccination in general
before and during the COVID-19 pandemic, it would have been interesting to collect data on
the participants’ confusion about vaccination in general before the COVID-19 pandemic.
Additionally, the question asked on the impact of the COVID-19 pandemic on confusion
towards vaccination in general did not make it possible to draw a distinction between partici-
pants who seemed less confused and those for whom the pandemic did not seem to have had
any impact, not allowing a more detailed description of the impact. A final limitation con-
cerned the questionnaires used to measure the impact of COVID-19 vaccination on vaccine
hesitancy in general (confusion about vaccination in general) and the factors influencing it.
Although these questionnaires were constructed on the basis of existing literature on vaccine
hesitancy and adapted to COVID-19, they did not take into account the measurement models
and tools proposed during the COVID-19 pandemic [69-73]. This limitation is explained in
particular by the absence of models and questionnaires more specific to the COVID-19 epi-
sode in the literature at the time the questionnaires were created.

Conclusions

In conclusion, the results showed COVID-19 vaccination had a considerable impact on confu-
sion towards vaccination in general among staff members and students in the ULi¢ge commu-
nity at different times of the pandemic. With the progression of the pandemic and the
vaccination, and in addition to the influence of a number of individual factors (general self-
perception, health literacy, past experiences with vaccination), a higher number of factors
linked to the COVID-19 episode (vaccine producer confidence, preferred source of informa-
tion, conspiracy beliefs) influenced confusion towards vaccination in general, particularly
among staff members. These results have highlighted the importance of a segmented approach
based on different population profiles, focusing on the individual’s general self-perception,
health literacy, past experiences with vaccination, and adapted to the context and changing sit-
uation to a better understanding of vaccination by citizens.
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