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Abstract: An online cross-sectional study on COVID-19 vaccination adhesion was conducted in
Portugal nine months after vaccination rollout (September—November 2021). Logistic regression was
used to identify factors associated with hesitancy to take the COVID-19 vaccine in the community-
based survey, “COVID-19 Barometer: Social Opinion”. Hesitancy was 11%; however, of those,
60.5% stated that they intended to take the vaccine. Hesitancy was associated with factors such
as lower monthly household income; no intention of taking the flu vaccine this year; perceived
reasonable health status; having two or more diseases; low confidence in the health service response;
worse perception of the adequacy of anti-COVID-19 government measures; low or no perceived risk
of getting COVID-19; feeling agitated, anxious or sad some days; and lack of trust in the safety and
efficacy of the vaccines. Confidence in vaccines, namely against COVID-19, is paramount for public
health and should be monitored during vaccination rollout. Clear communication of the risks and
benefits of vaccination needs improvement to increase adherence and public confidence.

Keywords: COVID-19; vaccination; vaccine hesitancy

1. Introduction

Until 22 November 2021, more than 262 million COVID-19 cases and 5.2 million
COVID-19 deaths had been confirmed worldwide [1]. The availability of vaccines has
brought a new breath of hope for a return to “normal life” [2]. However, with this acceler-
ated vaccine development, the issue of vaccine hesitancy has resurfaced [3-6], leveraging
both scientific and public debate on this topic and its impact on the success of immunisa-
tion programs [3-10]. The European Union vaccination targeted a 70% vaccination rate
of the adult population by the summer of 2021, reaching 71.6% on 12 September 2021 [2].
However, pockets of low vaccine uptake, which can compromise the vaccination coverage,
still exist in this region [2]. Hence, the risk of increasing numbers of severe cases, hos-
pitalisations and deaths associated with this disease still represent a major public health
concern [2].

Vaccine hesitancy was identified by the World Health Organization (WHO) as one
of the top 10 threats to global health in 2019 [11], and it can be defined as the delay in
acceptance, reluctance, or refusal of vaccination despite the availability of vaccination ser-
vices [11,12]. Vaccine hesitancy is the outcome of a complex decision-making process [2,12],
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dependent on multiple factors [8-10,12], namely contextual, individual, group, and vaccine-
specific factors [12].

As the pandemic progressed, people reporting their intention to be vaccinated against
COVID-19 varied [4,6,7,13-19]. However, most studies on COVID-19 vaccine acceptance
were conducted before the first vaccine’s approval or vaccination program rollout. Hence,
the reported vaccine acceptance or hesitancy was mostly assessed using hypothetical ques-
tions as there were still no vaccines available outside of the clinical trial setting [3-6,8-10].
Several cross-sectional studies have since explored COVID-19 vaccine acceptance and
hesitancy and their determinants after the respective countries’ vaccination program imple-
mentation, namely in European countries [2], such as the United Kingdom [15,16,20,21],
Germany [15,22], Denmark [15,23], France [15], Hungary [15], Sweden [15], Italy [15], Nor-
way [21], Poland [24], the Netherlands [25], Spain [26] and Greece [27]. Additional studies
were also conducted in Saudi Arabia [28], the United States of America [13,17,21,29], South
Africa [21,30], Jordan [31], Israel [32], Chile [33], China [18,21,34,35], Japan [21,36] and
Australia [21], among others [21]. These studies have not only reported variation in the
refusal rate of COVID-19 vaccination over sequential waves [13-15,18], but also on the
characteristics of the individuals that reported hesitancy in getting vaccinated [13,14,18]
and on the reasons behind this refusal [14].

In these studies, COVID-19 vaccination acceptance or hesitancy varied according to
age [2-4,6,8-10,13,14,16-18,20-22,24,30,32-38], gender [3,6,10,13,14,16,18,20-22,24,26,28,30,31,36],
education [4,6,8-10,13,14,17,18,21,22,24,27,28,34,36,38,39], race/ethnicity [2,13,14,16,20,35,37], po-
litical influence [13,15,24], religion [2,37], profession [2,17-20,27,31,32], employment status [24,30],
socioeconomic status [2,4-6,8,10,14,16-18,20,34,36] and place of residence [2,14,15,17,18,24,30,34,39].
The main source of information on the COVID-19 vaccine [22,27-29,31], belief in COVID-19 vacci-
nation’s effectiveness against new variants [28,31,37] and requirement for vaccination against this
virus for international travelling [28] were also described as being associated with COVID-19 vacci-
nation acceptance/hesitancy. Additionally, prior vaccination against the flu [5,8-10,18,27,28,38],
anxiety/depression symptoms [18], self-perception of poor health [38] or presence of comorbidi-
ties [8,18,38] were associated with acceptance of COVID-19 vaccines.

Negative perceptions on the safety [5,8,10,13,14,16-19,21,25,27,29-31,33,37] or effi-
cacy/effectiveness [5,8,13,14,16,17,19,21,25,31,34,37] of these vaccines and misinformation
on this topic [2,15] were described in individuals hesitant about COVID-19 vaccination. Ad-
ditionally, a perception of COVID-19 as not a risk to self [5,8,10,14-18,22,25,27,30-33,37,38],
as well as general distrust of COVID-19 vaccines [14,17], the government [14,15,19,23,30] or
a lack of trust in the vaccines” development [13,14,19,30,32] and approval process [14,15,19]
were reported in hesitant individuals. Additionally, media reports on the safety and efficacy
of specific vaccine brands led to a reduction in trust in the safety of those vaccines [23,30]
and the vaccination process [30]. Conspiracy beliefs [15,19] and lack of concerns on health
system constraints [15] were also linked to hesitancy towards these vaccines. Furthermore,
the use of new technologies, such as mRNA [21,27,37], as well as the mass use of condition-
ally approved medicines were pointed out as factors that could increase COVID-19 vaccine
hesitancy [37].

Portugal has one of the highest COVID-19 vaccination coverages worldwide [7], with
88.8% of the eligible population being fully vaccinated by 13 December 2021 [40]. This
vaccination rate is higher than the global and European Union rates (46.3% and 68.1%,
respectively) [40]. In a study conducted among Portuguese immunosuppressed cancer
patients three months after implementing the vaccination program, the vaccine acceptance
was 84.0% [39]. However, in a prior cross-sectional analysis of the Portuguese community-
based survey “COVID-19 Barometer: Social Opinion” using data from 29 September 2020
to 8 January 2021, only 35.3% of the individuals would like to be vaccinated as soon as
possible, with most (55.5%) preferring to wait some time before being vaccinated and
9.2% refusing the vaccination [38]. These data suggest variations in the vaccine acceptance
rate over time, which deserves further examination and continuous monitoring.
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Additionally, the world has been facing the emergence of new virus mutations with
potential higher transmissibility and virulence [41] and new threats to immunity, including
waning and new variants [42]. By the end of 2021, many countries have experienced new
waves of the COVID-19 pandemic, and on 4 November the World Health Organization
declared, once again, Europe as the epicentre of the pandemic [43]. Thus, understanding
the reasons behind vaccine hesitancy [2], specifically throughout the vaccination campaign
rollout, is of paramount importance to tailor policies and media campaigns to guarantee
a high coverage for these new vaccines [3]. Hence, this study aims to assess and identify
factors associated with COVID-19 vaccine hesitancy in Portugal, nine months after the
rollout of the country’s vaccination program, in a context of high vaccination coverage.

2. Materials and Methods
2.1. Study Design

We used data from the community-based survey “COVID-19 Barometer: Social Opin-
ion”, launched by the National School of Public Health at the NOVA University of Lisbon
(ENSP/NOVA), to identify and monitor the perception of the population regarding the
pandemic and its impact on their health, wellbeing and daily-life [44]. The ongoing ques-
tionnaire was implemented at the beginning of the COVID-19 pandemic in 2020, with more
than 220,000 answers by 30 November 2021. The questionnaire is flexible and allows for
the inclusion of new questions and withdrawal of old ones according to the pandemic
context. We analysed data between 18 September and 26 November 2021, approximately
nine months after the country’s vaccination program began. This time frame was selected
because, according to the country’s vaccination strategy and availability, every citizen
older than 16 years old willing to be vaccinated would have access to it and could be
vaccinated before our study started. By 20 September, 84.1% of the eligible population was
fully vaccinated, and that number increased to 88.4% by 29 November [40]. Participants
who were not living in Portugal were excluded from the analysis. Participants could fill
in the questionnaire once or every two weeks, which would allow the analysis of trends
and variations in responses [44]. We only used one questionnaire per participant for this
study and considered the last time the participant answered the questionnaire between
18 September and 26 November 2021.

2.2. Outcome

The outcome question was “What is your intention to get the COVID-19 vaccine when
called?”. In this question, participants could answer whether they wanted to take the
vaccine, were undecided, did not want to take it, or were already vaccinated. For the
analysis, the dependent variable was categorised into vaccinated and hesitant. Participants
who answered “I am already vaccinated” corresponded to vaccinated individuals. In
contrast, the remaining participants, i.e., participants who answered “I will take it”, “I have
not decided yet” and “No” were considered hesitant as all these answers represented some
form of delay, reluctance or vaccination refusal [12].

2.3. Independent Variables

The independent variables collected by the survey “COVID-19 Barometer: Social Opin-
ion” and included in this analysis were those considered potentially associated with vaccine
hesitancy. These variables were grouped following the Working Group on Vaccine Hesi-
tancy framework as contextual, individual and group, and vaccine-specific influences [12],
with a fourth category added regarding disease-specific variables. This classification was
used in a prior cross-sectional analysis in Portugal using data from before the vaccines
were widely available for the population [38]. Table 1 presents the variables considered for
this analysis and their categories.
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Table 1. Vaccine hesitancy determinant matrix recommended by the Strategic Advisory Group of
Experts (SAGE) Working Group on Vaccine Hesitancy [12], with the fourth category specific to the
COVID-19 disease [38].

Determinants of

. . Variabl
Vaccine Hesitancy ariables

Gender
Age group
Education
Contextual influences Monthly household income
Partial or total income loss during the pandemic
Occupation
Month of the questionnaire

Intention to take the flu vaccine
Perception of the health status
Individual influences Number of comorbidities
Having school-age children
Frequency of agitation, sadness, or anxiety

Confidence in the health services response to COVID-19

Confidence in the health services response to non-COVID-19

Perception of the adequacy of measures implemented by
COVID-19 disease-specific the Government

Self-perceived risk of getting COVID-19 infection

Self-perceived risk of developing severe disease following

COVID-19 infection

Confidence in the safety of the COVID-19 vaccines
Confidence in the efficacy of the COVID-19 vaccines

COVID-19 vaccine-specific

2.4. Statistical Analysis

The study outcome (dependent variable) was binary, vaccinated or hesitant, and the
independent variables were grouped based on the vaccine hesitancy determinant matrix
in Table 1. This self-reported vaccination rate corresponded to the primo-vaccination
rate, as at this time, the booster campaign had not yet been extended to the general
population. Variables were initially described using absolute and relative frequencies.
Logistic regression models were fitted. We estimated a crude odds-ratio (OR) for all
variables with the corresponding 95% confidence interval (95% CI). Our interest was to
assess and identify factors associated with COVID-19 vaccine hesitancy, an explanatory aim
and not predictive, and we adjusted separate logistic regression, adjusted for age, gender,
education, and month of the questionnaire, for each variable of interest.

We conducted a sensitivity analysis without participants who answered “I will take
the COVID-19 vaccine”. We assumed that those participants might be less hesitant than
those who answered that they would delay or refuse to take the vaccine.

All statistical analyses were performed using R 4.0.2 [45].

3. Results

A total of 3232 individuals were included in the analysis, of which 2875 (89%) were
vaccinated and the remaining 375 (11%) were hesitant. The distribution of hesitant con-
sisted mainly of participants who answered “I will take the vaccine” (60.5%), followed by
participants who said they would not take the vaccine (27.5%) and undecided participants
(12%). The characteristics of the sample are presented in Tables 2-5.
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Table 2. Sample characteristics according to contextual influences.

Contextual Influences

Vaccinated (N = 2857)

Hesitant (N = 375)

Total (N = 3232)

Gender (N = 3224)

Male 686 (24.1%) 117 (31.3%) 803 (24.9%)
Female 2164 (75.9%) 257 (68.7%) 2421 (75.1%)
Age group (N = 3232)
16-24 44 (1.5%) 7 (1.9%) 51 (1.6%)
25-49 933 (32.7%) 106 (28.3%) 1039 (32.1%)
50—64 1080 (37.8%) 117 (31.2%) 1197 (37.0%)
65-79 767 (26.8%) 138 (36.8%) 905 (28.0%)
80+ 33 (1.2%) 7 (1.9%) 40 (1.2%)
Education (N = 3221)

No education/Basic education 149 (5.2%) 32 (8.6%) 181 (5.6%)
Secondary 609 (21.4%) 103 (27.7%) 712 (22.1%)
University 2091 (73.4%) 237 (63.7%) 2328 (72.3%)

Monthly household income

(N =2958)

<EUR 650 118 (4.5%) 26 (8.1%) 144 (4.9%)
EUR 651-1000 275 (10.4%) 60 (18.8%) 335 (11.3%)
EUR 1001-1500 523 (19.8%) 57 (17.8%) 580 (19.6%)
EUR 1501-2000 509 (19.3%) 72 (22.5%) 581 (19.6%)
EUR 2001-2500 474 (18.0%) 39 (12.2%) 513 (17.3%)

>EUR 2501 739 (28.0%) 66 (20.6%) 805 (27.2%)

Lost of income due to the
pandemic (N = 3165)

No 2082 (74.4%) 264 (72.3%) 2346 (74.1%)
Partial/Total 718 (25.6%) 101 (27.7%) 819 (25.9%)
Occupation (N = 3232)
Worker 1736 (60.8%) 194 (51.7%) 1930 (59.7%)
Student 52 (1.8%) 10 (2.7%) 62 (1.9%)
Retired 764 (26.7%) 127 (33.9%) 891 (27.6%)
Unemployed 143 (5.01%) 17 (4.53%) 160 (4.95%)
Other 162 (5.67%) 27 (7.20%) 189 (5.9%)
Month (N = 3232)
September 454 (15.9%) 45 (12.0%) 499 (15.4%)
October 848 (29.7%) 110 (29.3%) 958 (29.6%)
November 1555 (54.4%) 220 (58.7%) 1775 (54.9%)

Table 3. Sample characteristics according to individual influences.

Individual Influences

Vaccinated (N = 2857)

Hesitant (N = 375)

Total (N = 3232)

Intention of taking the flu vaccine this

year (N = 3178)

Yes, I take the flu vaccine every year 1224 (43.6%) 126 (34.2%) 1350 (42.5%)
Yes, I will take the flu vaccine this year 428 (15.2%) 42 (11.4%) 470 (14.8%)
No 1158 (41.2%) 200 (54.3%) 1358 (42.7%)
Perception of the health status (N = 3226)

Very good/Good 1421 (49.8%) 205 (55.1%) 1626 (50.4%)
Reasonable 1326 (46.5%) 154 (41.4%) 1480 (45.9%)

Bad/Very bad 107 (3.75%) 13 (3.49%) 120 (3.72%)

Number of diseases (N = 3160)

0 1339 (47.8%) 188 (52.2%) 1527 (48.3%)

1 866 (30.9%) 111 (30.8%) 977 (30.9%)

>2 595 (21.2%) 61 (16.9%) 656 (20.8%)

Have school-age children (N = 3222)

No 2042 (71.7%) 274 (73.5%) 2316 (71.9%)

Yes 807 (28.3%) 99 (26.5%) 906 (28.1%)

Frequency of agitation, sadness or
anxiety (N = 3218)

Never 772 (27.1%) 135 (36.1%) 907 (28.2%)
Some days 1655 (58.2%) 176 (47.1%) 1831 (56.9%)

Almost every day 291 (10.2%) 38 (10.2%) 329 (10.2%)

Every day 126 (4.4%) 25 (6.7%) 151 (4.7%)
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Table 4. Sample characteristics according to COVID-19 influences.

COVID-19 Influences Vaccinated (N = 2857) Hesitant (N = 375) Total (N = 3232)

Confidence in the health services
response to COVID-19 (N = 3213)

Very confident/Confident 2416 (84.8%) 245 (67.1%) 2661 (82.8%)

Not very confident/Not confident 432 (15.2%) 120 (32.9%) 552 (17.2%)
Confidence in the health services

response to non-COVID-19 (N = 3210)

Very confident/Confident 1623 (57.2%) 140 (37.7%) 1763 (54.9%)

Not very confident/Not confident 1216 (42.8%) 231 (62.3%) 1447 (45.1%)
Perception of the adequacy of the

measures implemented by the
Government (N = 3172)
Very adequate/Adequate 2220 (79.2%) 193 (52.3%) 2413 (76.1%)
Not very adequate/Not adequate 583 (20.8%) 176 (47.7%) 759 (23.9%)
Self-Perceived Risk of getting COVID-19
Infection (N = 3226)
High 221 (7.8%) 19 (5.1%) 240 (7.4%)
Moderate 1321 (46.3%) 139 (37.1%) 1460 (45.3%)
Low /No risk 1143 (40.1%) 197 (52.5%) 1340 (41.5%)
Not sure 166 (5.8%) 20 (5.3%) 186 (5.8%)
Self-Perceived Risk of Developing Severe
Disease Following COVID-19 Infection
(N =3221)

High 415 (14.6%) 58 (15.5%) 473 (14.7%)

Moderate 1047 (36.8%) 124 (33.2%) 1171 (36.4%)

Low/No risk 1090 (38.3%) 159 (42.6%) 1249 (38.8%)

Not sure 296 (10.4%) 32 (8.6%) 328 (10.2%)

Table 5. Sample characteristics according to COVID-19-vaccine-related influences.

COVID-19 Vaccine-Related Influences

Vaccinated (N = 2857)

Hesitant (N = 375)

Total (N = 3232)

Safety perception in the COVID-19
vaccines (N = 3134)

Completely safe/Safe 2670 (96.1%) 232 (65.0%) 2902 (92.6%)
Not very safe/Not safe 107 (3.9%) 125 (35.0%) 232 (7.4%)
Efficacy perception in the COVID-19
vaccines (N = 3143)
Completely effective/Effective 2613 (93.9%) 228 (63.3%) 2841 (90.4%)
Not very effective/Not effective 170 (6.1%) 132 (36.7%) 302 (9.6%)

Most of the individuals that answered the questionnaire were women (75%), aged
between 25 and 64 years (69%) and had a university degree (76%). Around 55% of those
hesitant about the COVID-19 vaccine perceive their health status as very good/good. The
majority of vaccinated participants (90%) perceived COVID-19 vaccines as safe and effective,
while the proportion of hesitant participants who perceived the COVID-19 vaccines as safe
and effective was around 64%.

The results of the regression models are presented according to the groups on the
vaccine hesitancy determinant matrix. The OR and aOR and their respective 95% CI are in
the Supplementary Materials (Table S1). The sensitivity analysis can also be found in the
Supplementary Materials (Table S2).

3.1. Determinants of Vaccine Hesitancy: Contextual Influences

Participants aged 65 to 79 years had higher odds of hesitancy than participants aged
50 to 64 years (aOR: 1.58, 95% CI: 1.20, 2.07). Higher odds of vaccine hesitancy were
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Gender (ref.Male)

Female
Age group (ref.50-64)
8-24

Lost income during pandemic (ref.No)

Month of the questionnaire (ref.November)

PartialiTotal.

Sep

Other

ber

also found for individuals with no education/basic education and secondary education,
when compared to those with a university degree (no education/basic education aOR:
1.60, 95% CI: 1.04, 2.41; secondary aOR: 1.46, 95% CI: 1.12, 1.87). Participants with higher
monthly household incomes had lower odds of hesitancy than participants with a monthly
household income smaller than EUR 650. Participants who answered the questionnaire in
September had lower hesitancy odds than those who answered in November (aOR: 0.67,
95% CI: 0.47, 0.93) (Table S1, Figure 1).

Gender (ref.Male)
Female.

Age group (ref.50-64)
18-24

2549
6579
280

Education (ref.University)
No educ c

Monthly household income (ref.<

Lost income during pandemic (ref.No)
Parlial/Total

Occupation (ref.Worker)

Student

Month of the questionnaire (ref.November)
September

October —_

1

Odds-ratio Odds-ratio

Figure 1. Forest plot of vaccine hesitancy for contextual influences. Adjusted odds ratio (adjusted for
gender, age, education, and period of questionnaire) and the respective 95% confidence intervals are
denoted by black dots and black lines, respectively. Forest plot confidence intervals were cut off at
3. (A) Results of the main analysis—vaccinated vs. hesitant (refuse, undecided and would take the
vaccine); (B) results for the sensitivity analysis, removing individuals who would take the vaccine.

In the sensitivity analysis, i.e., excluding individuals who answered that they would
take the vaccine, education was no longer associated with vaccine hesitancy. In turn, gender
and loss of income became statistically significant, with women presenting lower odds
of hesitancy (aOR: 0.57, 95% CI: 0.40, 0.83), and participants who lost income during the
pandemic presenting higher odds of hesitancy (aOR: 1.46, 95% CI 1.01, 2.09). Interestingly,
the results for age changed in the sensitivity analysis, with participants aged less than
50 years presenting higher odds of being hesitant than participants between 50 and 64 years
old (1624 years aOR: 2.88, 95% CI 1.05, 6.73; 2549 aOR: 1.99, 95% CI: 1.36, 2.96). The
association with monthly household income was still present (Table 52, Figure 1).

3.2. Determinants of Vaccine Hesitancy: Individual Influences

Individuals who did not intend to take the flu vaccine this year had higher hesitancy
odds than those who took or intended to take the flu vaccine (aOR: 2.65, 95% CI: 2.00, 3.53).
Those who perceived their health status as reasonable had lower odds of hesitancy than
those who perceived it as very good/good (aOR: 0.75, 95% CI: 0.59, 0.94). Participants
who had two or more diseases also had lower odds of hesitancy than participants without
diseases (aOR: 0.59, 95% CI: 0.42, 0.81). Participants who reported feeling agitated, sad,
or anxious some days due to the physical distance measures had lower odds of hesitancy
than participants who reported never having these feelings (aOR: 0.65, 95% CI: 0.51, 0.84)
(Table S1, Figure 2). Results were similar in the sensitivity analysis (Table S2, Figure 2).
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Intention of taklnﬁ the flu vaccine this year
(ref.Yes, | take the flu vaccine every year)

Yes, | will take the flu vaccine this year

No

Perception of the health status
(ref.Very good/Good)

Reasonable

Bad/Very bad

Number of comorbidities (ref.0)

1

22

Have school-age children (ref.No)

Yes

Frequency of agitation, sadness or anxiety
(ref.Never)

Every day
Almost every day

Some days

Confidence in the health services response to COVID-19
(Ref.Very confidentiConfident)

Intention of lakmg the flu vaccine this year
(ref.Yes, | take the flu vaccine every year)

Yes, | will take the flu vaccine this year
—_——- No >

Perception of the health status
(ref.Very good/Good)

—— Reasonable —_——

— Bad/Very bad ——e

Number of comorbidities (ref.0)
— 1 ———
—— 22 —_-—

Have school-age children (ref.No)
—_— Yes
Frequency of agitation, sadness or anxiety
(ref.Never)
—_— Every day

Almost every day

h

—— Some days

3 0 1 2 3

2
Odds-ratio Odds-ratio

Figure 2. Forest plot of vaccine hesitancy for individual influences. Adjusted odds-ratio (adjusted for
gender, age, education, and period of questionnaire) and the respective 95% confidence intervals are
denoted by black dots and black lines, respectively. Forest plot confidence intervals and estimates
were cut off at 3. (A) Results of the main analysis—vaccinated vs. hesitant (refuse, undecided and
would take the vaccine); (B) results for the sensitivity analysis, removing individuals who would
take the vaccine.

3.3. Determinants of Vaccine Hesitancy: COVID-19 Influences

Increased odds of vaccine hesitancy were found for participants that had low or
no confidence in the health services” response to COVID-19 and non-COVID-19 needs
(COVID-19 aOR: 2.86, 95% CI: 2.23, 3.36; non-COVID-19 aOR: 2.27, 95% CI: 1.81, 2.85), and
participants who found the measures implemented by the government to be inadequate
(aOR: 4.00, 95% CI: 3.16, 5.06). Participants who perceived low or non-existent risk of
getting COVID-19 infection had higher odds of hesitancy than participants who perceived
their risk as high (aOR: 2.04, 95% CI: 1.27, 3.45) (Table S1, Figure 3).

A B

Confidence in the health services response to COVID-19
(Ref.Very confident/Confident)

Not very confident/Not confident —_— Not very confident/Not confident >
Confidence in the health services response to non-COVID-19 Confidence in the health services response to non-COVID-19
{Ref.Very confidentiConfident) {Ref.Very confident/Confident)
Not very confident/Not confident —_— Not very canfident/Not confident >
of the mea: i Adequacy of the measures implemented
(Ref.Very adequate/Adequate) (Ref.Very adequateiAdequate)
Not very adequale/Nol adequale —— Not very adequale/Not ad >
Self-Percaived Risk to get COVID-19 Infection Self-Percaived Risk to get COVID-19 Infection
(ref. High) (ref.High)
Moderate Moderate
LowiNo risk —_—_— Low/No risk —_—_—
Unknown Unknown
Self-Perceived Risk to Develop Severe Disease Self-Perceived Risk to Develop Severe Disease
{ref.High) (ref.High)
Moderate Moderate
Low/No risk Low/No risk
Unknown {  s——ee—— Unknown

3 3
Odds-ratio Odds-ratio

Figure 3. Forest plot of vaccine hesitancy for COVID-19 influences. Adjusted odds ratio (adjusted for
gender, age, education, and period of questionnaire) and the respective 95% confidence intervals are
denoted by black dots and black lines, respectively. Forest plot confidence intervals and estimates
were cut off at 5. (A) Results of the main analysis—vaccinated vs. hesitant (refuse, undecided and
would take the vaccine); (B) results for the sensitivity analysis, removing individuals who would
take the vaccine.

Results were similar in the sensitivity analysis. Increased odds of hesitancy were found
for participants who had low confidence in the health services’ response to COVID-19
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and non-COVID-19 and who perceived the measures implemented by the government as
inadequate. Participants who perceived high risk of getting COVID-19 and developing
severe disease had lower odds of hesitancy (Table S2, Figure 3).

3.4. Determinants of Vaccine Hesitancy: COVID-19-Vaccine-Related Influences

Participants who perceived the COVID-19 vaccines as unsafe had higher hesitancy
odds than those who perceived them as safe (aOR: 15.82, 95% CI 11.67, 21.54). Similarly,
participants who perceived the COVID-19 vaccines as ineffective had higher hesitancy
odds than those who perceived them as effective (aOR: 10.32, 95% CI 7.81, 13.64) (Table S1).
In the sensitivity analysis, results for the safety and efficacy of the COVID-19 vaccines were
similar, but the association with time was no longer significant (Table S2).

4. Discussion

The present study investigated the factors associated with vaccine hesitancy in 3232 par-
ticipants from the “COVID-19 Barometer: Social Opinion”, nine months after the vaccina-
tion rollout in Portugal, following completion of the mass vaccination campaign among
people aged 16 years and older. Most participants were already vaccinated (89%) at the time
of the study. This self-reported vaccination rate corresponded to the primo-vaccination rate,
as, at this time, the booster campaign had not yet been extended to the general population.
We found that the following factors were associated with hesitancy in the main and sensitiv-
ity analysis: (i) contextual factors: lower monthly household income; (ii) individual factors:
no intention of taking the flu vaccine this year, perceiving their health status as reasonable
and having two or more diseases; (iii) COVID-19 influences: low confidence in the health
service response to COVID-19 and non-COVID-19, worse perception of the adequacy of
measures implemented by the government, perceiving a low or non-existent risk of getting
COVID-19, and feeling agitated, anxious or sad some days due to the physical distance
measures; and (iv) COVID-19-vaccine-specific factors: lack of trust in the safety and efficacy
of the vaccines.

We found that 11% of the participants were still hesitant in a highly adhering setting.
To the best of our knowledge, this is the first estimate following completion of the mass
vaccination in individuals aged 16 and above. By 14 November 2021, official reports
reported a 100% vaccination rate for individuals older than 64, 99% for individuals between
50 and 64, 94% for individuals between 25 and 49, 91% for individuals between 18 and
24 and 87% for individuals between 12 and 17 years old [46]. Our results and further
data on un- or incompletely vaccinated hospitalised individuals [47] indicate that existing
vaccination coverage is likely overestimated. Yet, 60.5% of those hesitant corresponded
to participants who stated that they would take the vaccine, thus representing a further
opportunity for public health authorities and professionals to invite individuals to get
vaccinated. It is crucial to explore further why some individuals are keen to take the vaccine
but have not done it yet at the time of the study. The safety and efficacy perception in the
vaccines among the vaccinated group were 96% and 94%, respectively. Relatively high
values were also found among the hesitant group (65% and 63%, respectively), which
may indicate that, despite perceiving vaccines as safe and effective, other factors in the
COVID-19 disease-specific category may make people hesitant (e.g., less fear for health or
worry about COVID-19, perception of lower risk of infection, belief that it is not a severe
disease). These factors have been explored in the literature [48], and further quantitative
and qualitative studies can shed some light on possible reasons for this phenomenon
and potentially reduce hesitancy by tackling some causes behind no vaccination for these
individuals. Additional research could also further explore whether this delay is related to
fears associated with vaccination or individual health status, or due to practical reasons,
such as difficult access, inability to leave work, among others.

On the other hand, hesitancy has decreased since the beginning of the vaccination
programme. At the beginning of the year, we found a hesitancy rate of 65% using data
from the same survey [38]. This difference indicates the complexity of vaccine hesitancy
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and how hesitancy changes over time as more information is made available. Our previous
study found that questionnaires answered before the release of information regarding
the safety and efficacy of COVID-19 vaccines were strongly associated with higher odds
of hesitancy [38]. These results obtained using the same questionnaire at two very dif-
ferent time points highlight the need to assess vaccination intent and uptake [3] once a
vaccination program is rolled out and over time. Hesitancy rates and the characteristics
of hesitant subjects might vary, and monitoring of hesitancy rates was previously recom-
mended by the ECDC [2]. This is particularly relevant as booster doses are currently being
administered [49] with a lower uptake than previously observed for the primo vaccination.

Negative perceptions towards the efficacy [5,8,13,14,17,19,21,25,31,34,37] and
safety [5,8,10,13,14,16-19,21,25,27,29-31,33,37,40] of COVID-19 vaccines were highly linked
to vaccine hesitancy. Given the complexity of this topic, aligned with the growing misinfor-
mation present in several media regarding the development process of vaccines, concerns
about the safety and efficacy of the vaccines are understandable [2,15]. Additionally, the
population’s level of trust in vaccines and the availability of understandable and reliable
information on these uncertain times can be impacting factors in the adherence to this vac-
cination [50]. There is a need to implement strategies to address the population perception
and misconceptions regarding the efficacy and safety of COVID-19 vaccines, as these are
strongly associated with hesitancy. Health status and having diseases were other important
factors in vaccine hesitancy. This study found that participants who perceived their health
status as reasonable and had two or more diseases had lower odds of hesitancy than partic-
ipants with a good health perception and no diseases [8,18,34,36,40,46]. Additionally, we
found that participants who felt negative emotions some days had lower odds of hesitancy.

We also found higher odds of hesitancy for participants with low confidence in
the health services response to COVID-19 and non-COVID-19 and who perceived the
measures implemented by the government as inadequate, matching prior publications on
this topic [15,46]. Higher odds of hesitancy were also found for participants who perceived
their risk of getting COVID-19 as low or non-existent, which was in agreement with the
literature [5,8,10,14-18,22,25,27,30,31,33,37,46]. Risk perception and trust in the authorities
and health institutions can vary according to a country’s pandemic context during a specific
period [51]. For instances, the low infection rate during the period of analysis (with a
7-day rolling average ranging from 94.11 to 266.88 per million inhabitants on 18 September
and 26 November, respectively [40]) could be detrimental to the vaccination drive in this
particular time period.

Furthermore, no intention of taking the flu vaccine in the current year was associated
with hesitancy to the COVID-19 vaccination, matching prior data on this topic [5,8,18,27,28,46]
and suggesting that global attitudes towards these vaccines may cluster together to influence
decision making.

Lower odds of hesitancy were found for participants with higher monthly house-
hold incomes [2,4-6,8,10,14,16,17,20,34]. We also found lower odds of hesitancy for in-
dividuals with a university degree, which is in agreement with other studies [4,6,8-
10,13,14,17,18,21,22,24,27,28,34,46]. However, analysing only participants that refused
or were undecided, this association is no longer significant. Loss of income during the
pandemic was described as a hesitancy driver in the sensitivity analysis. This association
aligned with the outcomes of the prior analysis of this survey conducted at the beginning
of the year [46]. It is important to further explore these results in different socioeconomic
groups with different educations, as vaccine hesitancy determinants do not have associ-
ations in only one direction [12]. For instance, our previous results showed that higher
household income was associated with lower odds of hesitancy for individuals without a
university degree. In contrast, higher household income was associated with higher odds
of hesitancy for individuals with a university degree [38].

We found divergent results in the main and sensitivity analyses regarding age. Con-
sidering all participants who reported not being vaccinated, higher odds of hesitancy were
found for individuals aged between 65 and 79 years old than individuals between 50 and
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64 years old. However, removing from the analyses participants who reported intention to
vaccinate, we found that participants younger than 49 had higher odds of hesitancy than in-
dividuals between 50 and 64 years old. The literature is in agreement with higher hesitancy
for younger age groups [2—4,6,8-10,13,14,16-18,20,22,24,30,33,36,37,40,46]. We categorised
age using the same age groups used by the official Portuguese reports for our analysis,
which indicate a similar trend [46]. Other results lost or gained statistical significance in the
sensitivity analysis. Women had lower odds of hesitancy only in the sensitivity analysis,
although in the main analysis, the upper limit of the confidence interval was 1.02. In
contrast, our previous study found increased odds of delaying vaccination for women [38],
suggesting once more the changes associated with hesitancy over time. However, several
studies reported lower odds of hesitancy for women [21], although this result was not
always replicated [3,6,10,13,18,20,24,26,28]. When considering the month of response, the
lower hesitancy for participants answering the questionnaire in September (versus Novem-
ber responders) lost statistical significance during the sensitivity analysis. Nevertheless,
this result points to a temporal variation in vaccination hesitancy, as previously reported
by other authors [13-15,18], highlighting the need for continuous monitoring.

One of the strengths of the present study is the collection of data through a nationwide
survey, analysed using a comprehensive framework on vaccine hesitancy that allowed us to
identify contextual, individual, and vaccine-specific factors associated with vaccine uptake
and hesitancy. This study was based on an online, voluntary survey and presented some
limitations. The sample is not representative of the Portuguese population, as there was a
clear preponderance of women and participants with higher education levels. There is a
possibility of sampling bias (due to the online nature of the survey), selection bias (partici-
pants might be more conscious of the seriousness of COVID-19 than non-participants), and
response, non-response and social desirability bias. Despite these limitations, our study
indicates that official data on coverage are likely overestimated.

In conclusion, Portuguese adults showed good adherence to the COVID-19 mass
vaccination efforts, with hesitancy remaining in a sub-group mostly due to delayed vacci-
nation. Negative vaccine-related perceptions, low risk perceptions and general sentiments
of distrust were identified as important factors associated with hesitancy. These factors can
inform the development of tailored interventions to tackle COVID-19 vaccine hesitancy.
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period of questionnaire.

Author Contributions: Conceptualization, .A.G., PS., A.L. and C.N.; formal analysis, P.S.; funding
acquisition, A.R.P.and S.D.; investigation, I.A.G. and ].V.R.; methodology, P.S., A.L. and C.N.; software,
PS.; supervision, C.N.; validation, L A.G., J.V.R. and A L.; writing—original draft preparation, .A.G.,
PS., J.VR. and A.L.; writing—review and editing, A.G., PAL, ARP, ARG, MM, SD. and C.N.
All authors have read and agreed to the published version of the manuscript.

Funding: The present publication was funded by Fundagao Ciéncia e Tecnologia, IP national support
through CHRC (UIDP/04923/2020).

Institutional Review Board Statement: The study was conducted according to the guidelines of
the Declaration of Helsinki and approved by the Ethics Committee of the National School of Public
Health (protocol code CE/ENSP/CREE/3/2020, approved on 15 April 2020).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author. The data are not publicly available since this is an ongoing study.

Acknowledgments: We acknowledge all the participants who answered the questionnaire for their
contribution to this study.


https://www.mdpi.com/article/10.3390/vaccines10020281/s1
https://www.mdpi.com/article/10.3390/vaccines10020281/s1

Vaccines 2022, 10, 281 12 of 14

Conflicts of Interest: The authors declare that they have no known competing financial interests or
personal relationships that could have appeared to influence the work reported in this paper.

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

European Centre for Disease Prevention and Control (ECDC). COVID-19 Situation Update Worldwide, as of Week 47 2021. 2021.
Available online: https:/ /www.ecdc.europa.eu/en/geographical-distribution-2019-ncov-cases (accessed on 5 December 2021).
European Centre for Disease Prevention and Control (ECDC). Overview of the Implementation of COVID-19 Vaccination
Strategies and Deployment Plans in the EU/EEA. 2021. Available online: https://www.ecdc.europa.eu/sites/default/files/
documents/Overview-of-the-implementation-of-COVID-19-vaccination-strategies-and-deployment-plans-23-Sep-2021.pdf (ac-
cessed on 12 October 2021).

Neumann-Bohme, S.; Varghese, N.E.; Sabat, I.; Barros, P.P.; Brouwer, W.; van Exel, J. Once we have it, will we use it? A European
survey on willingness to be vaccinated against COVID-19. Eur. |. Health Econ. 2020, 21, 977-982. [CrossRef] [PubMed]

Lazarus, ].V;; Ratzan, 5.C.; Palayew, A.; Gostin, L.O.; Larson, H.J.; Rabin, K.; Kimball, S.; El-Mohandes, A. A global survey of
potential acceptance of a COVID-19 vaccine. Nat. Med. 2020, 27, 225-228. [CrossRef] [PubMed]

Lin, C.; Tu, P, Beitsch, L.M. Confidence and Receptivity for COVID-19 Vaccines: A Rapid Systematic Review. Vaccines 2021, 9, 16.
[CrossRef] [PubMed]

Robinson, E.; Jones, A ; Lesser, 1.; Daly, M. International estimates of intended uptake and refusal of COVID-19 vaccines: A rapid
systematic review and meta-analysis of large nationally representative samples. Vaccine 2021, 39, 2024-2034. [CrossRef]

Rechel, B.; Priaulx, J.; Richardson, E.; McKee, M. The organization and delivery of vaccination services in the European Union. In
European Observatory on Health Systems and Policies; World Health Organization: Geneva, Switzerland, 2018.

AlShurman, B.A.; Khan, A.F,; Mac, C.; Majeed, M.; Butt, Z.A. What Demographic, Social, and Contextual Factors Influence the
Intention to Use COVID-19 Vaccines: A Scoping Review. Int. J. Environ. Res. Public Health 2021, 18, 9342. [CrossRef]

Burke, P.F; Masters, D.; Masseya, G. Enablers and barriers to COVID-19 vaccine uptake: An international study of perceptions
and intentions. Vaccine 2021, 39, 5116-5128. [CrossRef]

Wang, Q.; Yang, L.; Jin, H.; Lin, L. Vaccination against COVID-19: A systematic review and meta-analysis of acceptability and its
predictors. Prev. Med. 2021, 150, 106694. [CrossRef]

World Health Organization (WHO). Ten Threats to Global Health in 2019. 2019. Available online: https://www.who.int/news-
room/spotlight/ten-threats-to-global-health-in-2019 (accessed on 12 October 2021).

MacDonald, N.E.; Eskola, J.; Liang, X.; Chaudhuri, M.; Dube, E.; Gellin, B. Vaccine hesitancy: Definition, scope and determinants.
Vaccine 2015, 33, 4161-4164. [CrossRef]

Szilagyi, P.G.; Thomas, K.; Shah, M.D.; Vizueta, N.; Cui, Y.; Vangala, S.; Kapteyn, A. Likelihood of COVID-19 vaccination by
subgroups across the US: Post-election trends and disparities. Hum. Vaccines Immunother. 2021, 17, 3262-3267. [CrossRef]
Nguyen, K.H.; Nguyen, K.; Corlin, L.; Allen, ].D.; Chung, M. Changes in COVID-19 vaccination receipt and intention to vaccinate
by socioeconomic characteristics and geographic area, United States, January 6-March 29, 2021. Ann. Med. 2021, 53, 1419-1428.
[CrossRef]

Lindholt, M.E,; Jorgensen, F.; Bor, A.; Petersen, M.B. Public acceptance of COVID-19 vaccines: Cross-national evidence on levels
and individual-level predictors using observational data. BMJ Open 2021, 1, e048172. [CrossRef] [PubMed]

Byrne, T.; Patel, P; Shrotri, M.; Beale, S.; Michie, S.; Butt, J.; Hawkins, N.; Hardelid, P.; Rodger, A.; Aryee, A.; et al. Trends, patterns,
and psychological influences on covid-19 vaccination intention: Findings from a large prospective community cohort study in
England and Wales (Virus Watch). Vaccine 2021, 39, 7108-7116. [CrossRef] [PubMed]

Nguyen, K.H.; Yankey, D.; Coy, K.C.; Brookmeyer, K.A.; Abad, N.; Guerin, R.; Syamlal, G.; Lu, PJ.; Baack, B.N.; Razzaghi, H.; et al.
Covid-19 vaccination coverage, intent, knowledge, attitudes, and beliefs among essential workers, united states. Emerg. Infect.
Dis. 2021, 27,2908-2913. [CrossRef] [PubMed]

Zhao, Y.M,; Liu, L.; Sun, J.; Yan, W.; Yuan, K.; Zheng, Y.B.; Lu, Z.A; Ni, S.Y.; Su, S.Z.; Zhu, X.M,; et al. Public willingness
and determinants of COVID-19 vaccination at the initial stage of mass vaccination in China. Vaccines 2021, 9, 1172. [CrossRef]
[PubMed]

Machado, M.A.V,; Roberts, B.; Wong, B.L.H.; van Kessel, R.; Mossialos, E. The Relationship Between the COVID-19 Pandemic and
Vaccine Hesitancy: A Scoping Review of Literature Until August 2021. Front. Public Health 2021, 9, 747787. [CrossRef]

Martin, C.A.; Marshall, C.; Patel, P.; Goss, C.; Jenkins, D.R.; Ellwood, C.; Barton, L.; Price, A.; Brunskill, N.J.; Khunti, K.; et al.
SARS-CoV-2 vaccine uptake in a multi-ethnic UK healthcare workforce: A cross-sectional study. PLoS Med. 2021, 18, e1003823.
[CrossRef]

Wong, L.P; Alias, H.; Danaee, M.; Ahmed, J.; Lachyan, A ; Cai, C.Z.; Lin, Y.; Hu, Z; Tan, S.Y,; Lu, Y.; et al. COVID-19 vaccination
intention and vaccine characteristics influencing vaccination acceptance: A global survey of 17 countries. Infect. Dis. Poverty 2021,
10, 122. [CrossRef]

Bendau, A ; Plag, J.; Petzold, M.B.; Strohle, A. COVID-19 vaccine hesitancy and related fears and anxiety. Int. Immunopharmacol.
2021, 97, 107724. [CrossRef]

Senderskov, K.M.; Dinesen, P.T.; Ostergaard, S.D. Sustained COVID-19 vaccine willingness after safety concerns over the
Oxford-AstraZeneca vaccine. Dan. Med. J. 2021, 68, A03210292.


https://www.ecdc.europa.eu/en/geographical-distribution-2019-ncov-cases
https://www.ecdc.europa.eu/sites/default/files/documents/Overview-of-the-implementation-of-COVID-19-vaccination-strategies-and-deployment-plans-23-Sep-2021.pdf
https://www.ecdc.europa.eu/sites/default/files/documents/Overview-of-the-implementation-of-COVID-19-vaccination-strategies-and-deployment-plans-23-Sep-2021.pdf
http://doi.org/10.1007/s10198-020-01208-6
http://www.ncbi.nlm.nih.gov/pubmed/32591957
http://doi.org/10.1038/s41591-020-1124-9
http://www.ncbi.nlm.nih.gov/pubmed/33082575
http://doi.org/10.3390/vaccines9010016
http://www.ncbi.nlm.nih.gov/pubmed/33396832
http://doi.org/10.1016/j.vaccine.2021.02.005
http://doi.org/10.3390/ijerph18179342
http://doi.org/10.1016/j.vaccine.2021.07.056
http://doi.org/10.1016/j.ypmed.2021.106694
https://www.who.int/news-room/spotlight/ten-threats-to-global-health-in-2019
https://www.who.int/news-room/spotlight/ten-threats-to-global-health-in-2019
http://doi.org/10.1016/j.vaccine.2015.04.036
http://doi.org/10.1080/21645515.2021.1929695
http://doi.org/10.1080/07853890.2021.1957998
http://doi.org/10.1136/bmjopen-2020-048172
http://www.ncbi.nlm.nih.gov/pubmed/34130963
http://doi.org/10.1016/j.vaccine.2021.09.066
http://www.ncbi.nlm.nih.gov/pubmed/34728095
http://doi.org/10.3201/eid2711.211557
http://www.ncbi.nlm.nih.gov/pubmed/34586060
http://doi.org/10.3390/vaccines9101172
http://www.ncbi.nlm.nih.gov/pubmed/34696281
http://doi.org/10.3389/fpubh.2021.747787
http://doi.org/10.1371/journal.pmed.1003823
http://doi.org/10.1186/s40249-021-00900-w
http://doi.org/10.1016/j.intimp.2021.107724

Vaccines 2022, 10, 281 13 of 14

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.
43.

44.

45.

Raciborski, F.; Samel-Kowalik, P.; Gujski, M.; Pinkas, J.; Arcimowicz, M.; Jankowski, M. Factors associated with a lack of
willingness to vaccinate against covid-19 in Poland: A 2021 nationwide cross-sectional survey. Vaccines 2021, 9, 1000. [CrossRef]
Vollmann, M.; Salewski, C. To Get Vaccinated, or Not to Get Vaccinated, That Is the Question: Illness Representations about
COVID-19 and Perceptions about COVID-19 Vaccination as Predictors of COVID-19 Vaccination Willingness among Young
Adults in The Netherlands. Vaccines 2021, 9, 941. [CrossRef] [PubMed]

Iguacel, I.; Maldonado, A.L.; Ruiz-Cabello, A.L.; Samatan, E.; Alarcén, J.; Orte, M.A.; Mateos, S.S.; Martinez-Jarreta, B. Attitudes
of Healthcare Professionals and General Population Toward Vaccines and the Intention to Be Vaccinated Against COVID-19 in
Spain. Front. Public Health 2021, 9, 739003. [CrossRef] [PubMed]

Fotiadis, K.; Dadouli, K.; Avakian, I.; Bogogiannidou, Z.; Mouchtouri, V.A.; Gogosis, K.; Speletas, M.; Koureas, M.; Lagoudaki, E.;
Kokkini, S.; et al. Factors Associated with Healthcare Workers” (HCWs) Acceptance of COVID-19 Vaccinations and Indications of
a Role Model towards Population Vaccinations from a Cross-Sectional Survey in Greece, May 2021. Int. ]. Environ. Res. Public
Health 2021, 18, 10558. [CrossRef] [PubMed]

Alshahrani, 5S.M.; Dehom, S.; Almutairi, D.; Alnasser, B.S.; Alsaif, B.; Alabdrabalnabi, A.A.; Bin Rahmah, A.; Alshahrani, M.S.;
El-Metwally, A.; Al-Khateeb, B.E; et al. Acceptability of COVID-19 vaccination in Saudi Arabia: A cross-sectional study using a
web-based survey. Hum. Vaccines Immunother. 2021, 17, 3338-3347. [CrossRef] [PubMed]

Jasuja, G.K.; Meterko, M.; Bradshaw, L.D.; Carbonaro, R.; Clayman, M.L.; LoBrutto, L.; Miano, D.; Maguire, E.M.; Midboe, A.M.;
Asch, S.M,; et al. Attitudes and Intentions of US Veterans Regarding COVID-19 Vaccination. JAMA Netw. Open 2021, 4, €2132548.
[CrossRef]

Cooper, S.; van Rooyen, H.; Wiysonge, C.S. COVID-19 vaccine hesitancy in South Africa: How can we maximize uptake of
COVID-19 vaccines? Expert Rev. Vaccines 2021, 20, 921-933. [CrossRef]

Aloweidi, A.; Bsisu, I; Suleiman, A.; Abu-Halaweh, S.; Almustafa, M.; Aqel, M.; Amro, A.; Radwan, N.; Assaf, D.; Abdullah,
M.Z; et al. Hesitancy towards COVID-19 Vaccines: An Analytical Cross-Sectional Study. Int. ]. Environ. Res. Public Health 2021,
18, 5111. [CrossRef]

Shacham, M.; Greenblatt-Kimron, L.; Hamama-Raz, Y.; Martin, L.R.; Peleg, O. Increased COVID-19 Vaccination Hesitancy and
Health Awareness amid COVID-19 Vaccinations Programs in Israel. Int. ]. Environ. Res. Public Health 2021, 18, 3804. [CrossRef]
Toro-Ascuy, D.; Cifuentes-Munoz, N.; Avaria, A.; Pereira-Montecinos, C.; Cruzat, G.; Zorondo-Rodriguez, F.; Fuenzalida, L.F.
Underlying factors that influence the acceptance of COVID19 vaccine in a country with a high vaccination rate. medRxiv 2021.
[CrossRef]

Dong, C.; Liang, Q.; Ji, T.; Gu, J.; Feng, ].; Shuai, M.; Zhang, X.; Zhao, R.; Gu, Z. Determinants of Vaccine Acceptance against
COVID-19 in China: Perspectives on Knowledge and DrVac-COVID19S Scale. Int. J. Env. Res. Public Health 2021, 18, 11192.
[CrossRef]

Singh, A.; Lai, A.H.Y.; Wang, J.; Asim, S.; Chan, PS.E; Wang, Z.; Yeoh, E.K. Multilevel Determinants of COVID-19 Vaccine Uptake
Among South Asian Ethnic Minorities in Hong Kong: Cross-sectional Web-Based Survey. JMIR Public Health Surveill. 2021,
7,e31707. [CrossRef] [PubMed]

Khan, M.S.R.; Watanapongvanich, S.; Kadoya, Y. COVID-19 Vaccine Hesitancy among the Younger Generation in Japan. Int. .
Env. Res. Public Health 2021, 18, 11702. [CrossRef] [PubMed]

Rosen, B.; Waitzberg, R.; Israeli, A.; Hartal, M.; Davidovitch, N. Addressing vaccine hesitancy and access barriers to achieve
persistent progress in Israel’'s COVID-19 vaccination program. Isr. J. Health Policy Res. 2021, 10, 43. [CrossRef] [PubMed]
Soares, P,; Rocha, J.V.; Moniz, M.; Gama, A.; Laires, P.A.; Pedro, A.R.; Dias, S.; Leite, A.; Nunes, C. Factors Associated with
COVID-19 Vaccine Hesitancy. Vaccines 2021, 9, 300. [CrossRef] [PubMed]

De Sousa, M.J.P,; Caramujo, C.; Julio, N.; Magalhaes, ].C.; Basto, R.; Fraga, T.; Gomes, LF.; Pazos, I.; Sousa, G. Acceptance of
SARS-CoV-2 vaccination among patients with cancer undergoing immunosuppressive therapy: Portuguese study. Ann. Oncol.
2021, 32 (Suppl. S5), S1145-51146. [CrossRef]

Ritchie, H.; Mathieu, E.; Rodés-Guirao, L.; Appel, C.; Giattino, C.; Ortiz-Ospina, E.; Hasell, J.; Macdonald, B.; Beltekian, D.;
Roser, M. Coronavirus Pandemic (COVID-19). 2020. Available online: https://ourworldindata.org/coronavirus (accessed on 14
December 2021).

Otto, S.P.;; Day, T.; Arino, J.; Colijn, C.; Dushoff, J.; Li, M.; Mechai, S.; Van Domselaar, G.; Wu, ].; Earn, D.J.; et al. The origins
and potential future of SARS-CoV-2 variants of concern in the evolving COVID-19 pandemic. Curr. Biol. 2021, 31, R918-R929.
[CrossRef]

Dryer, O. Covid-19: Delta infections threaten herd immunity vaccine strategy. BM] 2021, 374, n1933. [CrossRef]

World Health Organization (WHO) Europe. Statement—Update on COVID-19: Europe and Central Asia again at the
Epicentre of the Pandemic. 4 November 2021. Available online: https://www.euro.who.int/en/media-centre/sections/
statements/2021/statement-update-on-covid-19-europe-and-central-asia-again-at-the-epicentre-of-the-pandemic (accessed
on 14 December 2021).

Pedro, A.R;; Gama, A.; Soares, P.; Moniz, M.; Laires, P.A.; Dias, S. COVID-19 Barometer: Social Opinion—What Do the Portuguese
Think in This Time of COVID-19? Port. J. Public Health 2021, 38 (Suppl. S1), 42-50. [CrossRef]

R Core Team. R: A Language and Environment for Statistical Computing. Available online: http://r.meteo.uni.wroc.pl/web/
packages/dplR/vignettes/intro-dplR.pdf (accessed on 25 November 2021).


http://doi.org/10.3390/vaccines9091000
http://doi.org/10.3390/vaccines9090941
http://www.ncbi.nlm.nih.gov/pubmed/34579178
http://doi.org/10.3389/fpubh.2021.739003
http://www.ncbi.nlm.nih.gov/pubmed/34692626
http://doi.org/10.3390/ijerph181910558
http://www.ncbi.nlm.nih.gov/pubmed/34639858
http://doi.org/10.1080/21645515.2021.1936869
http://www.ncbi.nlm.nih.gov/pubmed/34236290
http://doi.org/10.1001/jamanetworkopen.2021.32548
http://doi.org/10.1080/14760584.2021.1949291
http://doi.org/10.3390/ijerph18105111
http://doi.org/10.3390/ijerph18073804
http://doi.org/10.1101/2021.10.31.21265676
http://doi.org/10.3390/ijerph182111192
http://doi.org/10.2196/31707
http://www.ncbi.nlm.nih.gov/pubmed/34653014
http://doi.org/10.3390/ijerph182111702
http://www.ncbi.nlm.nih.gov/pubmed/34770216
http://doi.org/10.1186/s13584-021-00481-x
http://www.ncbi.nlm.nih.gov/pubmed/34340714
http://doi.org/10.3390/vaccines9030300
http://www.ncbi.nlm.nih.gov/pubmed/33810131
http://doi.org/10.1016/j.annonc.2021.08.1591
https://ourworldindata.org/coronavirus
http://doi.org/10.1016/j.cub.2021.06.049
http://doi.org/10.1136/bmj.n1933
https://www.euro.who.int/en/media-centre/sections/statements/2021/statement-update-on-covid-19-europe-and-central-asia-again-at-the-epicentre-of-the-pandemic
https://www.euro.who.int/en/media-centre/sections/statements/2021/statement-update-on-covid-19-europe-and-central-asia-again-at-the-epicentre-of-the-pandemic
http://doi.org/10.1159/000513740
http://r.meteo.uni.wroc.pl/web/packages/dplR/vignettes/intro-dplR.pdf
http://r.meteo.uni.wroc.pl/web/packages/dplR/vignettes/intro-dplR.pdf

Vaccines 2022, 10, 281 14 of 14

46.

47.

48.

49.

50.

51.

Dire¢ao-Geral da Satide. Plano de Vacinagdo: Relatério de Vacinagao em Portugal n® 40. Semana 45. 2021. Available online: https:
/ /covid19.min-saude.pt/wp-content/uploads/2021/11/Relato%CC%81rio-Vacinac%CC%A7a%CC%830-n.0-40.pdf (accessed
on 5 December 2021).

Diregao-Geral da Sauide. Monitoriza¢ao das Linhas Vermelhas para a COVID-19 n°39. 24 December 2021. Available online:
https:/ /www.insa.min-saude.pt/wp-content/uploads/2021/12/20211224_Monitorizacao_Epidemia_COVID-19.pdf (accessed
on 29 December 2021).

Aw, J.; Seng, J.].B.; Seah, S.S.Y.; Low, L.L. COVID-19 Vaccine Hesitancy—A Scoping Review of Literature in High-Income
Countries. Vaccines 2021, 9, 900. [CrossRef]

Diregao-Geral da Satde. Plano de Vacinagao: Relatério de Vacinagao Diario Covid-19 + Gripe n°16. 2021. Available on-
line: https://covid19.min-saude.pt/wp-content/uploads/2021/12/Relatorio-Vacinacao-Diario-20211214.pdf (accessed on
14 December 2021).

United Nations Children’s Fund. Vaccine Misinformation Management Field Guide. New York. 2020. Available online:
https:/ /www.unicef.org/mena/reports/vaccine-misinformation-management-field-guide (accessed on 14 December 2021).
Fridman, A.; Gershon, R.; Gneezy, A. COVID-19 and vaccine hesitancy: A longitudinal study. PLoS ONE 2021, 16, e0250123.


https://covid19.min-saude.pt/wp-content/uploads/2021/11/Relato%CC%81rio-Vacinac%CC%A7a%CC%83o-n.o-40.pdf
https://covid19.min-saude.pt/wp-content/uploads/2021/11/Relato%CC%81rio-Vacinac%CC%A7a%CC%83o-n.o-40.pdf
https://www.insa.min-saude.pt/wp-content/uploads/2021/12/20211224_Monitorizacao_Epidemia_COVID-19.pdf
http://doi.org/10.3390/vaccines9080900
https://covid19.min-saude.pt/wp-content/uploads/2021/12/Relatorio-Vacinacao-Diario-20211214.pdf
https://www.unicef.org/mena/reports/vaccine-misinformation-management-field-guide

	Introduction 
	Materials and Methods 
	Study Design 
	Outcome 
	Independent Variables 
	Statistical Analysis 

	Results 
	Determinants of Vaccine Hesitancy: Contextual Influences 
	Determinants of Vaccine Hesitancy: Individual Influences 
	Determinants of Vaccine Hesitancy: COVID-19 Influences 
	Determinants of Vaccine Hesitancy: COVID-19-Vaccine-Related Influences 

	Discussion 
	References

