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Abstract: Vaccination is the most effective intervention to prevent infection and subsequent complica-
tions from SARS-CoV-2. Because of their multiple comorbidities, the elderly population experienced
the highest number of deaths from the COVID-19 pandemic. Although in most countries, older
people have top priority for COVID-19 vaccines, their actual willingness and attitudes regarding
vaccination are still unclear. Thus, we conducted a cross-sectional study to investigate their willing-
ness, attitudes, awareness, and knowledge of COVID-19 through a web-based questionnaire after
the first local outbreak of COVID-19 in Taiwan. A total of 957 questionnaires were completed, and
74.9% of elderly individuals were likely to receive COVID-19 vaccines. The results from a multiple
logistic regression demonstrated that older people who need to visit the outpatient department and
have a high level of concern about the safety of COVID-19 vaccines are prone to having a negative
willingness to accept COVID-19 vaccines. The following items related to awareness of the COVID-19
pandemic were attributed to the acceptance of COVID-19 vaccines: “understanding the risk of being
infected by SARS-CoV-2”, “understanding the effectiveness of COVID-19 vaccines”, “willingness
to accept the COVID-19 vaccine for protecting others”, and “safety of COVID-19 vaccines is a key
factor for you to accept them”. Furthermore, a positive association between COVID-19 vaccination
and attitudes toward accepting booster doses of the COVID-19 vaccine was observed. Our results
show that these factors could affect the willingness of older people to accept COVID-19 vaccines and
that they are important for policymakers and medical staff to develop vaccination plans during the
COVID-19 pandemic.
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1. Introduction

The COVID-19 pandemic has been ongoing for more than 2 years, and the domi-
nant SARS-CoV-2 variant, which began as alpha and beta, has now become omicron [1].
Although novel antiviral agents, such as molnupiravir, have been produced [2], the im-
portance of vaccination has not changed. Except for medical staff and some government
employees, elderly individuals are always the priority population asked to accept the
COVID-19 vaccine in most countries [3]. Because elderly individuals with several comor-
bidities have a very challenging clinical course after infection by SARS-CoV-2, they repre-
sented the majority of deaths in Europe and the U.S. before the availability of COVID-19
vaccines [4]. After the COVID-19 vaccines were developed, they were helpful in controlling
the spread of SARS-CoV-2 variants such as alpha and beta. Then the booster dose was also
recommended when the SARS-CoV-2 delta and omicron variants appeared [1,5]. However,
people who do not want to accept the COVID-19 vaccine still present a hindrance to the
goal of herd immunity, which also becomes increasingly difficult to achieve because new
SARS-CoV-2 variants never stop developing.

In Taiwan, a local outbreak was not identified until April 2021. Based on experi-
ences from fighting severe acute respiratory syndrome (SARS) in 2003, the Taiwanese
government executed restricted border control and home isolation to prevent people with
suspected cases of SARS-CoV-2 from entering the community. Medical mask rationing,
body temperature monitoring, and screening of travel history, occupation, contact history,
and cluster (TOCC) before allowing people to enter public areas were performed to lower
the possibility of spreading the virus within the community [4]. Although the effect of
vaccination on controlling the spread of COVID-19 in the community has been noted in
other countries [6], the need for COVID-19 vaccines in Taiwan was still a controversial
topic at that time. Furthermore, the shortage of reliable vaccines was another obstacle
to starting the vaccination plan. The source of the first case of the first local outbreak in
Taiwan was difficult to trace, and this was the first time the Taiwanese faced a real threat
from SARS-CoV-2. The preparations for the vaccination plans became emergent actions.
People started to care about each detail of the COVID-19 vaccine that they could be ordered
to receive. In clinical practice, we found that side effects of the COVID-19 vaccine, such as
thrombosis, could be the major concerns in older people that cause vaccine hesitancy [7].

Studies that determine the willingness of older populations to be vaccinated are rare,
and most studies do not focus on specific populations. The most common cohort included
in research on vaccine willingness is medical care providers. Furthermore, the percentage
of elderly participants in these studies has always been less than 10% [8]. Because the
priority of vaccination in older people in most countries is high, the real attitude toward
vaccination could be easily ignored. The possible factors that affect elderly individuals’
acceptance of the COVID-19 vaccine have always been ignored in previous studies. Because
information on the acceptance of the COVID-19 vaccine in Taiwanese older adults is limited,
we conducted a study to disclose the willingness of elderly Taiwanese individuals to receive
COVID-19 vaccines after the first local COVID-19 outbreak through an online questionnaire
with reference to real-world data on the acceptance rate. In addition, the factors affecting
their acceptance of vaccines were also analyzed. The results will be useful for designing
and performing further vaccination plans to confirm safety in the community.

2. Materials and Methods
2.1. Study Design and Sample

We designed a cross-sectional study through an online questionnaire to evaluate the
willingness to receive the COVID-19 vaccination in older people from 1 June to 31 September
2021. The questionnaire was designed based on previous reports with acceptable validity of
willingness to receive COVID-19 vaccination [9,10]. At the beginning of the questionnaire,
the age of the participants was confirmed, and those who responded that their age < 60 years
old were not allowed to finish the following parts. Vaccination status was also confirmed,
and we included only those who had not received COVID-19 vaccines at the time when they
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responded to the questionnaire to prevent sampling bias. A total of the following 4 parts
were included in the questionnaire: “basic characteristics of the participants”, “awareness
of the COVID-19 pandemic and attitudes toward receiving COVID-19 vaccines”, “possible
factors affecting the willingness of elderly individuals to accept COVID-19 vaccines” and
“knowledge of the COVID-19 pandemic and attitudes toward accepting booster doses of
COVID-19 vaccines” [11–16]. The questionnaire was pretested for face validity by a panel
of three physicians who had experience in preventive medicine at Tzu Chi Hospital, China
Medical University Hospital, and Cheng-Ching General Hospital. Then, six experts and
scholars with different backgrounds in geriatrics, public health, medicine, immunology,
and bioethics were invited to test the content validity of the questionnaire. The items in
parts 2–4 were verified for their accuracy and degree of difficulty by these experts. We
processed the reliability analysis to test for internal consistency. The Cronbach’s alpha
coefficients were 0.82 for all items in the questionnaire, except for the item “awareness
of the COVID-19 pandemic and attitudes toward receiving COVID-19 vaccines”, with a
value of 0.80; the item “possible factors affecting the willingness of elderly individuals to
accept COVID-19 vaccines”, with a value of 0.71; the items “knowledge of the COVID-19
pandemic and attitudes toward accepting booster doses of COVID-19 vaccines”, with a
value of 0.72.

The larger the sample size is, the higher the external validity and the greater the gener-
alizability [17]. The most recent statistics on the number of Taiwanese elderly individuals
were 3,800,000 [18]. We used a sample size calculator to determine the necessary sample size
to achieve sufficient statistical power, and a total of 600 elderly individuals were needed for
a margin of error of ±4%, a confidence level of 95%, and a 50% response distribution [19].
The simplified snowball sampling technique was used according to previous studies for
the recruitment of participants by asking the researchers to send invitations to the older
people they were in contact with [20]. Snowball sampling had the advantage of being able
to recruit participants during the COVID-19 pandemic, when face-to-face research was
difficult to achieve [21]. To prevent sampling bias, we started to recruit participants from
different sites as much as possible: hospitals (three medical centers and regional hospitals),
nursing homes, and communities (23 districts). When people received the link to the ques-
tionnaire, the aim of the study, the rights of the participants, and the anonymity statement
were shown in the first paragraph. This study was approved by the Ethics Committee of
China Medical University Hospital, Taichung, Taiwan (CMUH110-REC3-118).

2.2. Variables

The basic characteristics of the participants included sex (female or male), age (60–69,
70–79, 80–89, or ≥90 years old), residential area (community, nursing home, or outpatient
department), Charlson Comorbidity Index score (CCI: ≤4 or ≥5), history of influenza
vaccination (yearly, not yearly, or never), preference of origin of influenza vaccine (nil,
Taiwan, or overseas), and history of pneumococcal vaccination (yes or no) [4,22,23].

We evaluated the willingness of participants to receive COVID-19 vaccines by having
them select one of the following five options: very unlikely, somewhat unlikely, somewhat
likely, very likely, and unsure. Then, those who responded “very likely” or “somewhat
likely” were defined as having a positive willingness to accept COVID-19 vaccines. The
others were considered to have negative willingness to accept COVID-19 vaccines [9,24].

The COVID-19 Snapshot Monitoring Questionnaire was developed and validated to
monitor public perceptions of COVID-19, and we referenced it to assess our evaluation.
The questions in the section “awareness of the COVID-19 pandemic and attitudes toward
receiving COVID-19 vaccines” included “understanding the risk of being infected by SARS-
CoV-2”, “understanding the severity of the COVID-19 pandemic”, “understanding the
effectiveness of COVID-19 vaccines”, “understanding the complications of COVID-19
vaccines”, “willingness to accept the COVID-19 vaccine for protecting others”, and “safety
of COVID-19 vaccines is a key factor for you to accept them” [11–16].
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The items for “possible factors that affect the willingness of elderly individuals to ac-
cept COVID-19 vaccines” included the “availability of vaccination sites”, “recommendation
by family doctors”, “experiences from politicians” and “daily news from the media” [23].
We also assessed “knowledge of the COVID-19 pandemic and attitudes toward accept-
ing booster doses of COVID-19 vaccines” in the participants. All the above questions
were scored from 1–7, with scores of 1–3, 4, and 5–7 defined as low, middle, or high,
respectively [9].

2.3. Statistical Analysis

We used the chi-square test to compare participants who had a positive willingness
to accept COVID-19 vaccines with those who did not in terms of “basic characteristics
of participants”, “awareness of the COVID-19 pandemic and attitudes toward receiving
COVID-19 vaccines”, “the possible factors affecting the willingness of elderly individuals
to accept COVID-19 vaccines” and “knowledge of the COVID-19 pandemic and attitude
toward receiving booster doses of COVID-19 vaccines”. The effect size was presented by
the coefficient of contingency (COC) [25]. Multiple logistic regression analysis was used to
analyze the association between a positive willingness to accept COVID-19 vaccines and
each variable.

In Model 1, the independent variables were sex, age, residential area, CCI, history
of influenza vaccination, preference of origin of influenza vaccine, and history of pneu-
mococcal vaccination. In Model 2, the independent variables were the variables in Model
1, plus ”understanding the risk of being infected by SARS-CoV-2”, ”understanding the
severity of the COVID-19 pandemic”, ”understanding the effectiveness of COVID-19 vac-
cines”, ”understanding the complications of COVID-19 vaccines”, “willingness to accept
the COVID-19 vaccine for protecting others”, and ” safety of COVID-19 vaccines is a key
factor for you to accept them”. In Model 3, the independent variables were the variables in
Model 2 plus “availability of vaccination sites”, “recommendation by family doctors”, “ex-
periences from politicians” and “daily news from the media”. In Model 4, the independent
variables were the variables in Model 3 plus “having information that SARS-CoV-2 could
spread as influenza does yearly” and “willingness to accept booster doses of COVID-19
vaccines in the future”.

The commercial statistical software SPSS version 22 (IBM Corp) was used to perform
the data analysis. A p value < 0.05 in a 2-tailed test was considered statistically significant.

3. Results

A total of 963 responses were collected, but incomplete data were found for 6 par-
ticipants. Finally, responses from 957 participants were collected for analysis (Table 1).
A total of 74.9% of participants had a positive willingness to receive COVID-19 vac-
cines. Those who were female (p = 0.008, COC = 0.086), were aged ≥ 90 years (p < 0.001,
COC = 0.149), were nursing home residents (p = 0.036, COC = 0.083), had a CCI ≥ 5
(p = 0.002, COC = 0.099), had never accepted influenza vaccination (p = 0.003, COC = 0.111),
or had no preference for the origin of the influenza vaccine (p < 0.001, COC = 0.169) had a
significantly lower acceptance of COVID-19 vaccines.

Table 2 shows the awareness of the COVID-19 pandemic and attitudes toward receiv-
ing COVID-19 vaccines. The associations between high scores in responding to the items of
“understanding the risk of being infected by SARS-CoV-2” (p < 0.001, COC = 0.391), “under-
standing the severity of the COVID-19 pandemic” (p < 0.001, COC = 0.350), “understanding
the effectiveness of COVID-19 vaccines” (p < 0.001, COC = 0.438), “understanding the
complications of COVID-19 vaccines” (p < 0.001, COC = 0.340), “willingness to accept the
COVID-19 vaccine for protecting others” (p < 0.001, COC = 0.433) and “safety of COVID-19
vaccines is a key factor for you to accept them” (p < 0.001, COC = 0.125) and significant
positive willingness to receive the COVID-19 vaccine are shown. The percentages of par-
ticipants with positive and negative willingness to accept the COVID-19 vaccine for each
item are presented in Figure 1.
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Table 1. Basic characteristics of the participants stratified by willingness.

Variables Numbers
Positive willingness
to Accept COVID-19

Vaccine 1

Negative willingness
to Accept COVID-19

Vaccine
p-Value (COC) 2

N = 957 N = 717 N = 240

74.9% 25.1%

n n (%) n (%)

Sex 0.008 ** (0.086)
Male 446 352 (78.9) 94 (21.1)

Female 511 365 (71.4) 146 (28.6)
Age (years) <0.001 *** (0.149)

60–69 377 301 (79.8) 76 (20.2)
70–79 267 205 (76.8) 62 (23.2)
80–89 216 155 (71.8) 61 (28.2)
≥90 97 56 (57.7) 41 (42.3)

Residential area 0.036 * (0.083)
Community 343 265 (77.3) 78 (22.7)

Nursing home 337 236 (70.0) 101 (30.0)
Out-patient department 277 216 (78.0) 61 (22.0)

CCI 0.002 ** (0.099)
≤4 816 626 (76.7) 190 (23.3)
≥5 141 91 (64.5) 50 (35.5)

History of influenza vaccination 0.003 ** (0.111)
Yearly 535 406 (75.9) 129 (24.1)

Not yearly 239 191 (79.9) 48 (20.1)
Never 183 120 (65.6) 63 (34.4)

Preference of origin of influenza
vaccine <0.001 *** (0.169)

Nil 799 573 (71.7) 226 (28.3)
Taiwan 111 98 (88.3) 13 (11.7)
Oversea 47 46 (97.9) 1 (2.1)

History of pneumococcal
vaccination 0.135 (0.084)

Yes 360 260 (72.2) 100 (17.8)
Never 597 457 (76.5) 140 (23.5)

1 We evaluated the willingness of accepting COVID-19 vaccines through participants responded with five options
(very unlikely, somewhat unlikely, somewhat likely, very likely, and unsure). When a participant responded, “very
likely” or “somewhat likely”, it was defined that the participant had a positive willingness of accepting COVID-
19 vaccines. 2 The p-value was calculated using the chi-square test with effect size presented as coefficient of
contingency. * p-value < 0.05; ** p-value < 0.01; *** p-value < 0.001. Abbreviation: COC, coefficient of contingency;
CCI, Charlson Comorbidity Index.

Table 3 reveals possible factors affecting the willingness of elderly individuals to accept
COVID-19 vaccines. The associations between participants who had a high score for the
variables of “availability of vaccination sites” (p < 0.001, COC = 0.231), “recommendation
by family doctors” (p < 0.001, COC = 0.290), “experiences from politicians” (p < 0.001,
COC = 0.201), and “daily news from the media” (p < 0.001, COC = 0.202) and a significant
positive willingness to receive COVID-19 vaccines were noted. The percentages of partici-
pants with a positive and negative willingness to accept the COVID-19 vaccine for each
item are presented in Figure 2. Table 3 reveals possible factors affecting the willingness of
elderly individuals to accept COVID-19 vaccines. The associations between participants
who had a high score for the variables of “availability of vaccination sites” (p < 0.001,
COC = 0.231), “recommendation by family doctors” (p < 0.001, COC = 0.290), “experiences
from politicians” (p < 0.001, COC = 0.201), and “daily news from the media” (p < 0.001,
COC = 0.202) and a significant positive willingness to receive COVID-19 vaccines were
noted. The percentages of participants with a positive and negative willingness to accept
the COVID-19 vaccine for each item are presented in Figure 2.
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Table 2. Awareness of the COVID-19 pandemic and attitudes toward receiving the COVID-19
vaccines.

Variables Numbers
Positive willingness
to Accept COVID-19

Vaccine 1

Negative Willingness
to Accept COVID-19

Vaccine

p-Value
(COC) 2

N = 957 N = 717 N = 240

74.9% 25.1%

n n (%) n (%)

Understanding the risk of being infected
by SARS-CoV-2 3 <0.001 *** (0.391)

Low 148 48 (32.4) 100 (67.6)
Middle 92 68 (73.9) 24 (26.1)
High 717 601 (83.8) 116 (16.2)

Understanding the severity of the
COVID-19 pandemic <0.001 *** (0.350)

Low 134 47 (35.1) 87 (64.9)
Middle 82 62 (75.6) 20 (24.4)
High 741 608 (82.1) 133 (17.9)

Understanding the effectiveness of
COVID-19 vaccines <0.001 *** (0.438)

Low 248 98 (39.5) 150 (60.5)
Middle 126 102 (81.0) 24 (19.0)
High 583 517 (88.7) 66 (11.3)

Understanding the complications of
COVID-19 vaccines <0.001 *** (0.340)

Low 295 152 (51.5) 143 (48.5)
Middle 134 110 (82.1) 24 (17.9)
High 528 455 (86.2) 73 (13.8)

Willingness to accept the COVID-19
vaccine for protecting others <0.001 *** (0.433)

Low 281 123 (43.8) 158 (56.2)
Middle 159 121 (76.1) 38 (23.9)
High 516 472 (91.5) 44 (8.5)

Safety of COVID-19 vaccines is a key
factor for you to accept them <0.001 *** (0.125)

Low 291 194 (66.7) 97 (33.3)
Middle 124 96 (77.4) 28 (22.5)
High 542 427 (78.8) 115 (21.2)

1 We evaluated the willingness of accepting COVID-19 vaccines through participants responded with 5 options
(very unlikely, somewhat unlikely, somewhat likely, very likely, and unsure). When a participant responded,
“very likely” or “somewhat likely”, it was defined that the participant had a positive willingness of accepting
COVID-19 vaccines. 2 The p-value was calculated using the chi-square test with effect size presented as coefficient
of contingency. 3 Participants responded using a 7-point scale, and higher values indicate greater levels. When
they responded with 1–3, 4, or 5–7 on the scale, the level of that construct was defined as low, middle, or high,
respectively. *** p-value < 0.001. Abbreviation: COC, coefficient of contingency.

The sections on knowledge of the COVID-19 pandemic and attitudes toward accepting
a booster dose of a COVID-19 vaccine (Table 4) demonstrated the associations between a
high score for the items “having information that SARS-CoV-2 could spread as influenza
does yearly” (p < 0.001, COC = 0.330) and “willingness to accept a booster dose of COVID-19
vaccines in the future” (p < 0.001, COC = 0.451) and positive willingness to accept COVID-19
vaccines in elderly individuals. The percentages of participants with a positive and negative
willingness to accept the COVID-19 vaccine for each item are presented in Figure 3.

The results of the multiple logistic regression analysis are shown in Table 5. In the
section on the basic characteristics of participants, the age interval of 80–89 years was a sig-
nificant factor for acceptance of COVID-19 vaccines (odds ratio (OR): 2.17, 95% confidence
interval (CI): 1.02–4.61), but enrollment from the outpatient department was a significant
factor for negative willingness to accept COVID-19 vaccines (OR: 0.47, 95% CI: 0.25–0.91).
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In the section on “awareness of the COVID-19 pandemic and attitudes toward receiving
COVID-19 vaccines”, “understanding the risk of being infected by SARS-CoV-2” (OR: 5.19,
95% CI: 2.40–11.25), “understanding the effectiveness of COVID-19 vaccines” (OR: 6.00,
95% CI: 3.22–11.17), and “being willing to accept the COVID-19 vaccine to protect others”
(OR: 8.56, 95% CI: 4.63–15.82) were significant positive factors for COVID-19 vaccination.
However, “safety of COVID-19 vaccines is a key factor for you to accept them” was a
significant negative factor for COVID-19 vaccination (OR: 0.54, 95% CI: 0.30–0.99).
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Table 3. Possible factors affecting the willingness of elderly individuals to accept the COVID-19 vaccines.

Variables Numbers
Positive Willingness to

Accept COVID-19
Vaccine 1

Negative Willingness to
Accept COVID-19

Vaccine
p-Value (COC) 2

N = 957 N = 717 N = 240

74.9% 25.1%

n n (%) n (%)

Availability of vaccination sites 3 <0.001 *** (0.231)
Low 360 222 (61.7) 138 (38.3)

Middle 159 133 (83.6) 26 (16.4)
High 438 362 (82.6) 76 (17.4)

Recommendation by family doctors <0.001 *** (0.290)
Low 235 123 (52.3) 112 (47.7)

Middle 154 118 (76.6) 36 (23.4)
High 568 476 (83.8) 92 (16.2)

Experiences from politicians <0.001 *** (0.201)
Low 550 370 (67.3) 180 (22.7)

Middle 171 147 (86.0) 24 (14.0)
High 236 200 (84.7) 36 (15.3)

Daily news from the media <0.001 *** (0.202)
Low 481 342 (71.1) 139 (28.9)

Middle 187 147 (78.6) 40 (21.4)
High 289 228 (78.9) 61 (21.1)

1 We evaluated the willingness of accepting COVID-19 vaccines through participants responded with five options
(very unlikely, somewhat unlikely, somewhat likely, very likely, and unsure). When a participant responded,
“very likely” or “somewhat likely”, it was defined that the participant had a positive willingness of accepting
COVID-19 vaccines. 2 The p-value was calculated using the chi-square test with effect size presented as coefficient
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item in Table 3.



Vaccines 2022, 10, 520 9 of 18

Table 4. Knowledge of the COVID-19 pandemic and attitudes toward accepting booster doses of
COVID-19 vaccines.

Variables Numbers
Positive Willingness
to Accept COVID-19

Vaccine 1

Negative Willingness
to Accept COVID-19

Vaccine
p-Value (COC) 2

N = 957 N = 717 N = 240

74.9% 25.1%

n n (%) n (%)

Having information that
SARS-CoV-2 could spread as

influenza does yearly 3
<0.001 *** (0.330)

Low 350 193 (55.1) 157 (44.9)
Middle 147 134 (91.2) 13 (8.8)
High 460 390 (84.8) 70 (15.2)

Willingness to accept a booster dose
of COVID-19 vaccines in the future <0.001 *** (0.451)

Low 329 147 (44.7) 182 (55.3)
Middle 222 198 (89.2) 24 (10.8)
High 406 372 (91.6) 34 (8.4)

1 We evaluated the willingness of accepting COVID-19 vaccines through participants responded with five options
(very unlikely, somewhat unlikely, somewhat likely, very likely, and unsure). When a participant responded,
“very likely” or “somewhat likely”, it was defined that the participant had a positive willingness of accepting
COVID-19 vaccines. 2 p-value was calculated using the chi-square test with effect size presented as coefficient
of contingency. 3 Participants responded using a 7-point scale, and higher values indicate greater levels. When
they responded with 1–3, 4, or 5–7 on the scale, the level of that construct was defined as low, middle, or high,
respectively. *** p-value < 0.001. Abbreviation: COC, coefficient of contingency. 
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Table 5. Individual variables associated with positive willingness to accept the COVID-19 vaccines.

Variables

Model 1 1 Model 2 2 Model 3 3 Model 4 4

n Odds
Ratio

95%
Confidence

Interval
p-Value Odds

Ratio

95%
Confidence
INTERVAL

p-Value Odds
Ratio

95%
Confidence

Interval
p-Value Odds

Ratio

95%
Confidence

Interval
p-Value

Sex
Male 446 1 1 1 1

Female 511 0.71 (0.52–0.97) 0.033 * 0.76 (0.51–1.14) 0.188 0.81 (0.53–1.22) 0.305 0.79 (0.51–1.22) 0.281
Age (years)

60–69 377 1 1 1 1
70–79 267 0.87 (0.42–1.14) 0.500 1.52 (0.90–2.57) 0.116 1.54 (0.90–2.67) 0.115 1.78 (1.00–3.17) 0.050
80–89 216 0.69 (0.42–1.14) 0.145 1.75 (0.90–3.42) 0.099 1.78 (0.90–0.36) 0.099 2.17 (1.02–4.61) 0.045 *
≥90 97 0.39 (0.20–0.77) 0.007 ** 0.97 (0.39–2.46) 0.973 1.00 (0.38–2.64) 0.650 1.20 (0.43–3.34) 0.735

Residential area
Community 343 1 1 1 1

Nursing home 337 0.90 (0.58–1.41) 0.652 2.08 (1.11–3.90) 0.023 * 1.64 (0.85–3.20) 0.142 1.48 (0.73–3.01) 0.276
Out-patient
department 277 1.23 (0.82–1.86) 0.319 0.63 (0.36–1.10) 0.102 0.53 (0.29–0.97) 0.041 * 0.47 (0.25–0.91) 0.026 *

CCI
≤4 816 1 1 1 1
≥5 141 1.00 (0.59–1.72) 0.982 0.87 (0.42–1.79) 0.699 0.84 (0.39–1.79) 0.650 0.98 (0.44–2.18) 0.953

History of
influenza

vaccination
Yearly 535 1 1 1 1

Not yearly 239 0.81 (0.52–1.28) 0.366 0.97 (0.54–1.75) 0.928 1.02 (0.56–1.88) 0.942 1.05 (0.54–2.01) 0.890
Never 183 0.38 (0.24–0.61) <0.001 *** 0.48 (0.22–0.88) 0.018 * 0.56 (0.30–1.06) 0.073 0.72 (0.37–1.41) 0.340

Preference of
origin of
influenza
vaccine

Nil 799 1 1 1 1
Taiwan only 111 0.81 (0.52–1.28) 0.002 ** 1.98 (0.90–4.37) 0.091 2.07 (0.93–4.65) 0.077 2.08 (0.88–4.91) 0.094
Oversea only 47 0.38 (0.24–0.61) 0.007 ** 11.76 (1.43–97.16) 0.022 * 9.58 (1.13–80.96) 0.038 * 5.07 (0.60–42.96) 0.137

History of
pneumococcal

vaccination
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Table 5. Cont.

Variables

Model 1 1 Model 2 2 Model 3 3 Model 4 4

n Odds
Ratio

95%
Confidence

Interval
p-Value Odds

Ratio

95%
Confidence
INTERVAL

p-Value Odds
Ratio

95%
Confidence

Interval
p-Value Odds

Ratio

95%
Confidence

Interval
p-Value

Yes 360 1 1 1 1
Never 597 0.84 (0.56–1.24) 0.374 0.80 (0.47–1.39) 0.434 0.78 (0.45–1.37) 0.391 0.86 (0.47–1.59) 0.868

Understanding
the risk of being

infected by
SARS-CoV-2 5

Low 148 1 1 1
Middle 92 4.73 (2.07–10.79) <0.001 *** 4.00 (1.70–9.45) 0.002 ** 3.39 (1.34–8.60) 0.01 *
High 717 6.43 (3.25–12.73) <0.001 *** 5.68 (2.79–11.56) <0.001 *** 5.19 (2.40–11.25) <0.001 ***

Understanding
the severity of
the COVID-19

pandemic
Low 134 1 1 1

Middle 82 1.62 (0.66–4.02) 0.295 1.48 (0.57–3.85) 0.424 1.14 (0.41–3.22) 0.801
High 741 0.74 (0.34–1.63) 0.457 0.61 (0.27–1.39) 0.237 0.54 (0.22–1.35) 0.187

Understanding
the effectiveness

of COVID-19
vaccines

Low 248 1 1 1
Middle 126 3.42 (1.80–6.49) <0.001 *** 4.45 (2.27–8.72) <0.001 *** 3.59 (1.77–7.31) <0.001 ***
High 583 7.02 (4.03–12.24) <0.001 *** 8.02 (4.45–14.46) <0.001 *** 6.00 (3.22–11.17) <0.001 ***

Understanding
the

complications of
COVID-19
vaccines

Low 295 1 1 1
Middle 134 1.57 (0.80–3.11) 0.192 1.37 (0.69–2.75) 0.370 1.20 (0.57–2.52) 0.626
High 528 1.02 (0.57–1.80) 0.960 1.10 (0.60–2.01) 0.761 1.11 (0.58–2.13) 0.755
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Table 5. Cont.

Variables

Model 1 1 Model 2 2 Model 3 3 Model 4 4

n Odds
Ratio

95%
Confidence

Interval
p-Value Odds

Ratio

95%
Confidence
INTERVAL

p-Value Odds
Ratio

95%
Confidence

Interval
p-Value Odds

Ratio

95%
Confidence

Interval
p-Value

Willingness to
accept the
COVID-19
vaccine for
protecting

others
Low 281 1 1 1

Middle 159 2.75 (1.58–4.78) <0.001 *** 2.61 (1.45–4.69) 0.001 ** 2.46 (1.32–4.60) 0.005 **
High 516 12.93 (7.54–22.17) <0.001 *** 10.60 (6.07–18.69) <0.001 *** 8.56 (4.63–15.82) <0.001 ***

Safety of
COVID-19

vaccines is a key
factor for you to

accept them
Low 291 1 1 1

Middle 124 1.380 (0.69–2.56) 0.361 0.75 (0.34–1.65) 0.475 0.81 (0.35–1.86) 0.613
High 542 0.59 (0.36–0.96) 0.035 * 0.43 (0.25–0.75) 0.003 * 0.54 (0.30–0.99) 0.045 *

Availability of
vaccination sites

Low 360 1 1
Middle 159 2.33 (1.09–4.99) 0.030 * 1.68 (0.74–3.82) 0.215
High 438 1.05 (0.60–1.82) 0.875 ** 0.83 (0.45–1.51) 0.533

Recommendation
by family
doctors

Low 235 1 1
Middle 154 2.07 (1.01–4.23) 0.047 * 1.90 (0.88–4.09) 0.101
High 568 2.68 (1.50–4.78) 0.001 ** 1.80 (0.96–3.38) 0.068

Experiences
from politicians

Low 248 1 1
Middle 126 1.99 1.00–3.95 0.050 1.92 (0.92–4.00) 0.081
High 236 1.82 0.98–3.37 0.058 1.83 (0.94–3.55) 0.076
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Table 5. Cont.

Variables

Model 1 1 Model 2 2 Model 3 3 Model 4 4

n Odds
Ratio

95%
Confidence

Interval
p-Value Odds

Ratio

95%
Confidence
INTERVAL

p-Value Odds
Ratio

95%
Confidence

Interval
p-Value Odds

Ratio

95%
Confidence

Interval
p-Value

Daily news
from the media

Low 481 1 1
Middle 187 0.83 0.45–1.56 0.568 0.77 (0.39–1.53) 0.459
High 289 0.74 0.43–1.29 0.291 0.79 (0.44–1.44) 0.440

Having
information that

SARS-CoV-2
could spread as
influenza does

yearly
Low 350 1

Middle 147 3.20 (1.46–6.99) 0.004 **
High 460 1.01 (0.57–1.76) 0.987

Willingness to
accept a booster

dose of
COVID-19

vaccines in the
future
Low 329 1

Middle 222 4.12 (2.24–7.58) <0.001 ***
High 406 5.09 (2.66–9.75) <0.001 ***

1 The independent variables were sex, age, CCI, residential area, history of influenza vaccination, preference of origin of influenza vaccine, and history of pneumococcal vaccination.
2 The independent variables were the factors in Model 1 plus understanding the risk of being infected by SARS-CoV-2, understanding the severity of the COVID-19 pandemic,
understanding the effectiveness of COVID-19 vaccines, understanding the complications of COVID-19 vaccines, and willingness to accept the COVID-19 vaccine for protecting others,
safety of COVID-19 vaccines is a key factor for you to accept them. 3 The independent variables were the factors in Model 2 plus the availability of vaccination sites, recommendation by
family doctors, experiences from politician, and daily news form the media. 4 The independent variables were the factors in Model 3 plus having information that SARS-CoV-2 could
spread as influenza does yearly and a willingness to accept a booster dose of COVID-19 vaccine in the future. 5 Participants responded using a 7-point scale, and higher values indicate
greater levels. When they responded with 1–3, 4, or 5–7 on the scale, the level of that construct was defined as low, middle, or high, respectively. * p-value < 0.05; ** p-value < 0.01;
*** p-value < 0.001. Abbreviation: CCI, Charlson Comorbidity Index score.
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In the section on the possible factors affecting the willingness of elderly individuals
to accept COVID-19 vaccines, no item achieved statistical significance. In the section on
knowledge of the COVID-19 pandemic and attitudes toward booster doses of COVID-19
vaccines, “being willing to accept booster doses of COVID-19 vaccines in the future” was a
significant factor for receiving COVID-19 vaccines (OR: 5.09, 95% CI: 2.66–9.75). However,
compared with participants with a low score, those with a high score for “having the
information that SARS-CoV-2 could spread as influenza does yearly” were not significantly
more likely to have a positive willingness to accept COVID-19 vaccines (OR: 1.01, 95%
CI: 0.57–1.76).

4. Discussion

Our study showed the willingness of elderly Taiwanese individuals to accept COVID-
19 vaccines after the first local COVID-19 outbreak in April 2021. Because of the shortage of
COVID-19 vaccines, the general population in Taiwan started a vaccination plan in July 2021.
However, the availability of the COVID-19 vaccine is still a problem after the following
months, which has delayed the speed of vaccination. Before the first local break, the need for
vaccination was discussed. Based on border control and the lack of evidence of the spread of
the virus in the community, the vaccination plan was postponed. Compared to populations
in other countries, few Taiwanese people had antibodies to SARS-CoV-2 infection or
COVID-19 vaccination, which was a potential problem causing subsequent outbreaks.
On the other hand, vaccine hesitancy in elderly Taiwanese individuals may have been
caused by news reports of the deaths and severe complications after vaccination in other
countries [7,26]. Although the willingness of Taiwanese people to be vaccinated has been
investigated, the results from older populations have not been included or analyzed. The
vaccine acceptance rate of Taiwanese individuals before the local COVID-19 outbreak was
23.4% among health care providers and 30.7% among participants (aged < 45 years) from
outpatient departments [27]. Furthermore, because of restrictions and case management,
there were no local cases in Taiwan at the time of the previous study. However, full
vaccination is a necessary intervention in the COVID-19 pandemic to decrease hospital load,
control the spread and lower the death rate, especially in the older population [7]. From the
experiences of nursing home outbreaks in Europe and the U.S., the priority of the COVID-19
vaccination for elderly Taiwanese individuals was high. It is important to investigate the
willingness of these older people and the factors that could affect their attitudes toward
vaccination. As new variants of SARS-CoV-2 appear, ensuring full vaccination is a necessary
public health plan for each country.

Our results showed that the willingness rate to be vaccinated in elderly Taiwanese
individuals was 74.9%; more specifically, it was 79.8% at the age of 60–69 years, 76.8% at
the age of 70–79 years, and 67.4% at the age of ≥80 years after the first local COVID-19
outbreak caused by SARS-CoV-2 variants alpha and delta. Before 2022, most Taiwanese
people completed two doses of the COVID-19 vaccination of their own free will. At the
end of 2021, health care providers and other populations involved in essential occupations
will receive additional doses. The following actual acceptance data for elderly people were
also disclosed at this time: acceptance rates were 76.6% at the age of 50–64 years, 79.7%
at the age of 65–74 years, and 67.2% at the age of ≥75 years [28], which was very similar
to our findings. Although many studies have tried to predict the actual acceptance rate
of COVID-19 vaccinations through their investigations, our report is the first study to use
real-world data to confirm the results of the investigation. Our study predicts the real-world
acceptance rate after six months, which is nearly the final acceptance rate in Taiwan.

Studies investigating the willingness to receive COVID-19 vaccines in older people are
rare. Most studies included elderly individuals as participants. In Europe, the willingness
rate of adults in 2020 was 62–80% [29]. The latest acceptance rates for the elderly population
in these countries were 88–96.93% [30–36]. The willingness rate in adults in the U.S. in 2020
was 65.9–86% [8,13,37], and the actual vaccination rate of the older population in 2022 was
88.40% [38]. In the Middle East, the willingness rate for COVID-19 vaccination in adults
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was 23.6–31.8% [39], and 21.2–93% of elderly individuals accepted vaccination, according to
real-world data [40–42]. In Asia, the willingness rates for COVID-19 vaccination in adults
in Indonesia and China in 2020 were 78.3% and 80.0%, respectively [14,43]. The actual
acceptance rates of older residents were 67.4% in 2022 [44] and ≥80% at the end of 2021 [45].
A Japanese study revealed the following willingness of elderly people to receive COVID-19
vaccines: 77.2% in 2020 [46], and the actual acceptance rate was ≥90.4% at the end of
2021 [47]. In Canada, the willingness of older people to receive COVID-19 vaccines was
84.8–86% in 2020 [48], and the actual vaccination rate in early 2022 was 93.5–96.95% [49].

Clinical presentations in elderly individuals are varied and are not always consistent
with the findings in adults. This situation was also noted regarding the reasons and
attitudes for the acceptance of the COVID-19 vaccines. Certain basic characteristics, such
as female sex, younger age, and no history of previous influenza vaccination, were the
factors in the general population associated with a low willingness to receive COVID-19
vaccination [23]. Although being female and having no history of previous influenza
vaccination were also found to be significant negative factors for COVID-19 vaccination in
our results in Model 1, they were not found to have an influence in Model 3 or 4. The older
cohort was more prone to accepting the vaccine than the younger elderly cohort, which is
compatible with the findings of a previous study [48]. The older participants recruited from
the outpatient department showed a negative willingness to receive the vaccine. They may
be afraid of dying after vaccination, which could be a result of poor underlying disease
control. The factors in the section on “awareness of the COVID-19 pandemic and attitudes
toward receiving COVID-19 vaccines” are also important for elderly individuals to make
decisions regarding vaccination. A previous Taiwanese study also found an association
between people’s having good knowledge of COVID-19 and a positive willingness for
vaccination [50].

Interestingly, the safety of the COVID-19 vaccine is a significant factor in discouraging
older people from receiving the vaccine. However, as in the first local outbreak, elderly
Taiwanese individuals did not rank the safety of the vaccine as a very important issue.
Those who were more cautious about the safety of the vaccines were less willing to accept
them. The same results were also noted in a Canadian report, as follows: the safety
of COVID-19 vaccines was the major concern for elderly individuals unlikely to accept
vaccines [48].

“Availability of vaccination sites”, “recommendation by family doctors”, “experiences
from politicians”, and “daily news from the media” have been found to have significant
relationships with the acceptance of COVID-19 vaccines in the general population [23],
which is not consistent with our results. Because most of the items in previous investigations
of the willingness of elderly individuals were not consistent with our designs or published
studies, the factors relating to awareness of the COVID-19 pandemic are common and
significant findings that could affect the acceptance of vaccination [21].

The coverage rates of COVID-19 vaccination in older populations in some Asian
countries and regions are lower than those in Europe or the U.S. [14,43]. They have similar
measures for border control; the necessity of vaccination may not have existed before local
outbreaks. This situation would cause disaster outbreaks in communities such as Hong
Kong because most older people lack antibodies to fight SARS-CoV-2 [51]. The participants
in our study were Asian elderly individuals and the results are useful as a reference for
those regions with low vaccination rates to design further vaccination plans and prevent
future outbreaks.

Many countries give people who have accepted full COVID-19 vaccinations the cer-
tification of a “green pass”, which helps people visit any place without limitations [7].
However, the Taiwan CECC did not practice this measure, except for hospital admission or
nursing home visitation. TOCC screening at hospital entrances in Taiwan has not ceased
during the COVID-19 pandemic. Before Taiwan had COVID-19 vaccines, Taiwanese peo-
ple were asked to offer a negative antigen rapid test result for SARS-CoV-2 before they
entered a nursing home or hospital admission. This requirement could be replaced when
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people have the full COVID-19 vaccination for 14 days. Respecting people’s willingness
for COVID-19 vaccination is the main reason why the Taiwan CECC did not execute a
“green pass” approach comprehensively. It is important to know that, even after the local
outbreak, the total confirmed number of local cases in Taiwan was 15,493 [52] and the total
population of Taiwan was 23.57 million. The existence of a “green pass” in Taiwan is not as
urgent as in other places.

There are several limitations to our study. The web-based questionnaire was adminis-
tered and completed on a voluntary basis, and selection bias may exist. The willingness rate
may change over time. However, the real-world acceptance rate was close to our results,
which could diminish the effects from the above problems. The sustained period of the
COVID-19 pandemic is hard to predict, and even though we have revealed the willingness
to receive booster doses, it is difficult to provide a reference for following these doses.

5. Conclusions

Investigating the willingness to receive COVID-19 vaccination is important because it
can identify the factors that may affect people’s likelihood of being vaccinated. However, it
is not easy to have the results match real-world data. Here, we offer data on the willingness
of elderly Taiwanese individuals to receive COVID-19 vaccination, and the coverage rate
matches the actual situation. As in most countries, the elevated acceptance rate of the
COVID-19 vaccine started after local outbreaks. However, the actual acceptance rate of
the elderly population in Asian countries is lower than that in Europe or the U.S. This still
poses a potential public health threat to such a fragile population while new variants of
SARS-CoV-2 continue to appear. It is worth noting that older participants recruited from
the outpatient department had a lower willingness to vaccinate than others. Healthcare
providers should evaluate and give proper suggestions to these individuals. The long-
term observation of the safety of COVID-19 vaccines is still lacking, and elderly people
want to accept safer COVID-19 vaccines as existing vaccines affect their willingness to be
vaccinated. Updating and educating elderly people on the latest information about the
safety of available COVID-19 vaccines would help them make decisions.

Author Contributions: Conceptualization, C.-Y.H. (Chia-Yu Huang) and C.-C.L.; methodology,
C.-Y.H. (Chia-Yu Huang); software, C.-Y.H. (Chia-Yu Huang); validation, C.-Y.H. (Chia-Yu Huang)
and H.-R.Y.; formal analysis, C.-Y.H. (Chia-Yu Huang) and S.-I.T.; investigation, C.-Y.H. (Chia-Yu
Huang); resources, C.-Y.H. (Ching-Yun Hsieh), C.-Y.L., and T.-T.C.; data curation, C.-Y.H. (Chia-Yu
Huang); writing—original draft preparation, C.-Y.H. (Chia-Yu Huang); writing—review and editing,
C.-Y.H. (Chia-Yu Huang) and H.-R.Y.; visualization, S.-I.T.; supervision, S.-I.T., H.-R.Y.; project
administration, C.-Y.H. (Chia-Yu Huang) and C.-C.L.; funding acquisition, C.-C.L., P.-C.W., D.-H.L.,
and H.-R.Y. All authors have read and agreed to the published version of the manuscript.

Funding: This work was financially supported by the “Chinese Medicine Research Center, China
Medical University” from the Featured Areas Research Center Program within the framework of the
Higher Education Sprout Project by the Ministry of Education (MOE) in Taiwan (CMRC-CHM-1). This
study was also supported in part by China Medical University (CMU105-BC-1-1 and CMU105-BC-1-2),
China Medical University Hospital (DMR-108-BC-6, DMR-110-019, DMR-111-125, DMR-111-174), and
National Health Research Institutes in Taiwan (NHRI-180A1- CACO-13191902). None of the funders
and institutions listed had a role in the design and conduct of the study; collection, management,
analysis, and interpretation of the data; preparation, review, or approval of the manuscript; decision
to submit the manuscript for publication.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and approved by the Institutional Review Board (or Ethics Committee) of China Medical
University Hospital, Taichung, Taiwan (CMUH110-REC3-118).

Informed Consent Statement: Patient consent was waived due to personal information not able to
be identified by data users, or participants could not identify themselves from our results either.

Data Availability Statement: The data will be available upon reasonable request to the
corresponding authors.



Vaccines 2022, 10, 520 17 of 18

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Karim, S.S.A.; Karim, Q.A. Omicron SARS-CoV-2 variant: A new chapter in the COVID-19 pandemic. Lancet 2021, 398, 2126–2128.

[CrossRef]
2. Singh, A.K.; Singh, A.; Singh, R.; Misra, A. Molnupiravir in COVID-19: A systematic review of literature. Diabetes Metab. Syndr.

Clin. Res. Rev. 2021, 15, 102329. [CrossRef] [PubMed]
3. Persad, G.; Emanuel, E.J.; Sangenito, S.; Glickman, A.; Phillips, S.; Largent, E.A. Public perspectives on COVID-19 vaccine

prioritization. JAMA Netw. Open 2021, 4, e217943. [CrossRef]
4. Huang, C.Y.; Kuo, Y.H.; Chuang, S.T.; Yen, H.R.; Tou, S.I. The experience of executing preventive measures to protect a nursing

home in Taiwan from a COVID-19 outbreak. Eur. Geriatr. Med. 2021, 12, 609–617. [CrossRef] [PubMed]
5. Juno, J.A.; Wheatley, A.K. Boosting immunity to COVID-19 vaccines. Nat. Med. 2021, 27, 1874–1875. [CrossRef] [PubMed]
6. Fisk, R.J. Barriers to vaccination for coronavirus disease 2019 (COVID-19) control: Experience from the United States. Glob. Health J.

2021, 5, 51–55. [CrossRef] [PubMed]
7. Gallè, F.; Sabella, E.A.; Roma, P.; Da Molin, G.; Diella, G.; Montagna, M.T.; Ferracuti, S.; Liguori, G.; Orsi, G.B.; Napoli, C.

Acceptance of COVID-19 Vaccination in the Elderly: A Cross-Sectional Study in Southern Italy. Vaccines 2021, 9, 1222. [CrossRef]
[PubMed]

8. Daly, M.; Robinson, E. Willingness to vaccinate against COVID-19 in the US: Representative longitudinal evidence from April to
October 2020. Am. J. Prev. Med. 2021, 60, 766–773. [CrossRef] [PubMed]

9. Machida, M.; Nakamura, I.; Kojima, T.; Saito, R.; Nakaya, T.; Hanibuchi, T.; Takamiya, T.; Odagiri, Y.; Fukushima, N.;
Kikuchi, H.; et al. Acceptance of a COVID-19 vaccine in Japan during the COVID-19 pandemic. Vaccines 2021, 9, 210. [CrossRef]
[PubMed]

10. Betsch, C.; Wieler, L.H.; Habersaat, K.; COSMO Group. Monitoring behavioural insights related to COVID-19. Lancet 2020, 395,
1255–1256. [CrossRef]

11. MacDonald, N.E.; SAGE Working Group on Vaccine Hesitancy. Vaccine hesitancy: Definition, scope and determinants. Vaccine
2015, 33, 4161–4164. [CrossRef]

12. Bell, S.; Clarke, R.; Mounier-Jack, S.; Walker, J.L.; Paterson, P. Parents’ and guardians’ views on the acceptability of a future
COVID-19 vaccine: A multi-methods study in England. Vaccine 2020, 38, 7789–7798. [CrossRef] [PubMed]

13. Reiter, P.L.; Pennell, M.L.; Katz, M.L. Acceptability of a COVID-19 vaccine among adults in the United States: How many people
would get vaccinated? Vaccine 2020, 38, 6500–6507. [CrossRef] [PubMed]

14. Wang, J.; Jing, R.; Lai, X.; Zhang, H.; Lyu, Y.; Knoll, M.D.; Fang, H. Acceptance of COVID-19 vaccination during the COVID-19
pandemic in China. Vaccines 2020, 8, 482. [CrossRef] [PubMed]

15. Leng, A.; Maitland, E.; Wang, S.; Nicholas, S.; Liu, R.; Wang, J. Individual preferences for COVID-19 vaccination in China. Vaccine
2021, 39, 247–254. [CrossRef] [PubMed]

16. Betsch, C.; Schmid, P.; Heinemeier, D.; Korn, L.; Holtmann, C.; Bohm, R. Beyond confidence: Development of a measure assessing
the 5C psychological antecedents of vaccination. PLoS ONE 2018, 13, e0208601. [CrossRef]

17. Cavana, R.; Delahaye, B.; Sekeran, U. Applied Business Research: Qualitative and Quantitative Methods. Milton; John Wiley & Sons:
Milton, QLD, Australia, 2001.

18. Statistical Information Network of the Republic of China. Available online: https://www.stat.gov.tw/public/Data/13216235
8VPAVQ8D.pdf (accessed on 17 March 2022).

19. RAOSOFT. Sample Size Calculator 2020. Available online: http://www.raosoft.com/samplesize.html (accessed on 15
March 2022).

20. Al-Hanawi, M.K.; Alshareef, N.; El-Sokkary, R.H. Willingness to receive COVID-19 vaccination among older adults in Saudi
Arabia: A Community-Based Survey. Vaccines 2021, 9, 1257. [CrossRef] [PubMed]

21. Arafa, A.; Mohamed, A.; Saleh, L.; Senosy, S. Psychological impacts of the COVID-19 pandemic on the public in Egypt.
Community Ment. Health J. 2021, 57, 64–69. [CrossRef] [PubMed]

22. Huang, C.Y.; Wu, M.Y.; Kuo, Y.H.; Tou, S.I.; Yen, H.R. Chinese herbal medicine is helpful for survival improvement in patients with
multiple myeloma in Taiwan: A nationwide retrospective matched-cohort study. Integr. Cancer Ther. 2020, 19, 1–10. [CrossRef]
[PubMed]

23. Aw, J.; Seng, J.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] [PubMed]

24. Szilagyi, P.G.; Thomas, K.; Shah, M.D.; Vizueta, N.; Cui, Y.; Vangala, S.; Kapteyn, A. national trends in the US public’s likelihood
of getting a COVID-19 vaccine-1 April to 8 December 2020. JAMA 2020, 325, 396–398. [CrossRef] [PubMed]

25. Olivier, J.; Bell, M.L. Effect sizes for 2 × 2 contingency tables. PLoS ONE 2013, 8, e58777. [CrossRef] [PubMed]
26. Walach, H.; Klement, R.J.; Aukema, W. The safety of covid-19 vaccinations-we should rethink the policy. Vaccines 2021, 9, 693.

[CrossRef]
27. Kukreti, S.; Lu, M.Y.; Lin, Y.H.; Strong, C.; Lin, C.Y.; Ko, N.Y.; Chen, P.L.; Ko, W.C. Willingness of Taiwan’s healthcare workers

and outpatients to vaccinate against COVID-19 during a period without community outbreaks. Vaccines 2021, 9, 246. [CrossRef]
[PubMed]

http://doi.org/10.1016/S0140-6736(21)02758-6
http://doi.org/10.1016/j.dsx.2021.102329
http://www.ncbi.nlm.nih.gov/pubmed/34742052
http://doi.org/10.1001/jamanetworkopen.2021.7943
http://doi.org/10.1007/s41999-021-00459-7
http://www.ncbi.nlm.nih.gov/pubmed/33751454
http://doi.org/10.1038/s41591-021-01560-x
http://www.ncbi.nlm.nih.gov/pubmed/34764485
http://doi.org/10.1016/j.glohj.2021.02.005
http://www.ncbi.nlm.nih.gov/pubmed/33585053
http://doi.org/10.3390/vaccines9111222
http://www.ncbi.nlm.nih.gov/pubmed/34835152
http://doi.org/10.1016/j.amepre.2021.01.008
http://www.ncbi.nlm.nih.gov/pubmed/33773862
http://doi.org/10.3390/vaccines9030210
http://www.ncbi.nlm.nih.gov/pubmed/33802285
http://doi.org/10.1016/S0140-6736(20)30729-7
http://doi.org/10.1016/j.vaccine.2015.04.036
http://doi.org/10.1016/j.vaccine.2020.10.027
http://www.ncbi.nlm.nih.gov/pubmed/33109389
http://doi.org/10.1016/j.vaccine.2020.08.043
http://www.ncbi.nlm.nih.gov/pubmed/32863069
http://doi.org/10.3390/vaccines8030482
http://www.ncbi.nlm.nih.gov/pubmed/32867224
http://doi.org/10.1016/j.vaccine.2020.12.009
http://www.ncbi.nlm.nih.gov/pubmed/33328140
http://doi.org/10.1371/journal.pone.0208601
https://www.stat.gov.tw/public/Data/132162358VPAVQ8D.pdf
https://www.stat.gov.tw/public/Data/132162358VPAVQ8D.pdf
http://www.raosoft.com/samplesize.html
http://doi.org/10.3390/vaccines9111257
http://www.ncbi.nlm.nih.gov/pubmed/34835188
http://doi.org/10.1007/s10597-020-00701-9
http://www.ncbi.nlm.nih.gov/pubmed/32803445
http://doi.org/10.1177/1534735420943280
http://www.ncbi.nlm.nih.gov/pubmed/32783567
http://doi.org/10.3390/vaccines9080900
http://www.ncbi.nlm.nih.gov/pubmed/34452026
http://doi.org/10.1001/jama.2020.26419
http://www.ncbi.nlm.nih.gov/pubmed/33372943
http://doi.org/10.1371/journal.pone.0058777
http://www.ncbi.nlm.nih.gov/pubmed/23505560
http://doi.org/10.3390/vaccines9070693
http://doi.org/10.3390/vaccines9030246
http://www.ncbi.nlm.nih.gov/pubmed/33808950


Vaccines 2022, 10, 520 18 of 18

28. Data from Website of Taiwan Centers for Disease Control. Available online: https://www.cdc.gov.tw/File/Get/SDSGV9P0s2
-qRHajavYvAQ (accessed on 13 February 2022).

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

30. The Immunization Dashboard. Available online: https://solidarites-sante.gouv.fr/grands-dossiers/vaccin-covid-19/article/le-
tableau-de-bord-de-la-vaccination (accessed on 2 February 2022). (In French)

31. Data from Website of Danish Health Authority. Available online: https://www.sst.dk/da/corona/tal-og-overvaagning (accessed
on 2 February 2022).

32. Current Vaccination Status. Available online: https://impfdashboard.de/en/ (accessed on 2 February 2022).
33. COVID-19 Vaccines Report. Available online: https://www.governo.it/it/cscovid19/report-vaccini/ (accessed on 2 February

2022). (In Italian)
34. Portugal Has Already Administered 5 Million Booster Doses against COVID-19. Available online: https://www.dgs.pt/

em-destaque/portugal-ja-administrou-5-milhoes-de-doses-de-reforco-contra-a-covid-19.aspx (accessed on 2 February 2022).
(In Portuguese)

35. COVID-19 Vaccine Surveillance Report—Week 2. Available online: https://assets.publishing.service.gov.uk/government/
uploads/system/uploads/attachment_data/file/1047814/Vaccine-surveillance-report-week-2-2022.pdf (accessed on 13
January 2022).

36. Figures on the COVID-19 Vaccination Programme. Available online: https://www.rivm.nl/en/covid-19-vaccination/figures-
vaccination-programme (accessed on 30 January 2022).

37. Fisher, K.A.; Bloomstone, S.J.; Walder, J.; Crawford, S.; Fouayzi, H.; Mazor, K.M. Attitudes toward a potential SARS-CoV-2
vaccine: A survey of US adults. Ann. Intern. Med. 2020, 173, 964–973. [CrossRef] [PubMed]

38. COVID-19 Vaccinations in the United States. Available online: https://covid.cdc.gov/covid-data-tracker/#vaccinations_vacc-
total-admin-rate-total (accessed on 2 February 2022).

39. Sallam, M.; Dababseh, D.; Eid, H.; Al-Mahzoum, K.; Al-Haidar, A.; Taim, D.; Yaseen, A.; Ababneh, N.A.; Bakri, F.G.; Mahafzah, A.
High rates of COVID-19 vaccine hesitancy and its association with conspiracy beliefs: A study in Jordan and Kuwait among other
Arab countries. Vaccines 2021, 9, 42. [CrossRef] [PubMed]

40. MOH: COVID-19 Shots Given to 98% of Older People. Available online: https://www.moh.gov.sa/en/Ministry/MediaCenter/
News/Pages/News-2021-06-17-001.aspx (accessed on 17 January 2022).

41. Data from Website of Jordanian Ministry of Health. Available online: https://corona.moh.gov.jo/en (accessed on 4
February 2022).

42. COVID-19 Tracker. Available online: https://graphics.reuters.com/world-coronavirus-tracker-and-maps/countries-and-
territories/kuwait/ (accessed on 4 February 2022).

43. Harapan, H.; Wagner, A.L.; Yufika, A.; Winardi, W.; Anwar, S.; Gan, A.K.; Setiawan, A.M.; Rajamoorthy, Y.; Sofyan, H.; Vo, T.Q.
Willingness-to-pay for a COVID-19 vaccine and its associated determinants in Indonesia. Hum. Vaccines Immunother. 2020, 16,
3074–3080. [CrossRef]

44. National COVID-19 Vaccination. Available online: https://vaksin.kemkes.go.id/#/vaccines (accessed on 1 February 2022). (In
Indonesian)

45. Data from Website of Ministry of Health of the People’s Republic of China. Available online: http://www.gov.cn/fuwu/2021-11/
30/content_5655117.htm (accessed on 29 November 2021).

46. Yoda, T.; Katsuyama, H. Willingness to receive COVID-19 vaccination in Japan. Vaccines 2021, 9, 48. [CrossRef] [PubMed]
47. With over 70% Fully Vaccinated, Japan Ranks in Top Three among G7. Available online: https://www.japantimes.co.jp/news/20

21/10/26/national/japan-vaccine-rollout-top-three/ (accessed on 12 February 2022).
48. Basta, N.E.; Sohel, N.; Sulis, G.; Wolfson, C.; Maimon, G.; Griffith, L.E.; Kirkland, S.; McMillan, J.M.; Thompson, M.; Raina, P.; et al.

Factors associated with willingness to receive a COVID-19 vaccine among 23,819 adults aged 50 years and older: An analysis of
the Canadian longitudinal study on aging. Am. J. Epidemiol. 2022, kwac029. [CrossRef] [PubMed]

49. COVID-19 Vaccination in Canada. Available online: https://health-infobase.canada.ca/covid-19/vaccination-coverage/#a3
(accessed on 15 March 2022).

50. Chen, P.Y.; Chuang, P.N.; Chiang, C.H.; Chang, H.H.; Lu, C.W.; Huang, K.C. Impact of Coronavirus Infectious Disease (COVID-19)
pandemic on willingness of immunization-A community-based questionnaire study. PLoS ONE 2022, 14, e0262660. [CrossRef]
[PubMed]

51. How Hong Kong Went from ‘Zero-COVID’ to the World’s Highest Death Rate. Available online: https://www.nbcnews.com/
news/world/hong-kong-covid-outbreak-rcna20033 (accessed on 17 March 2022).

52. Data from Website of Taiwan Centers for Disease Control. Available online: https://sites.google.com/cdc.gov.tw/2019ncov/
taiwan (accessed on 17 March 2022).

https://www.cdc.gov.tw/File/Get/SDSGV9P0s2-qRHajavYvAQ
https://www.cdc.gov.tw/File/Get/SDSGV9P0s2-qRHajavYvAQ
http://doi.org/10.1007/s10198-020-01208-6
https://solidarites-sante.gouv.fr/grands-dossiers/vaccin-covid-19/article/le-tableau-de-bord-de-la-vaccination
https://solidarites-sante.gouv.fr/grands-dossiers/vaccin-covid-19/article/le-tableau-de-bord-de-la-vaccination
https://www.sst.dk/da/corona/tal-og-overvaagning
https://impfdashboard.de/en/
https://www.governo.it/it/cscovid19/report-vaccini/
https://www.dgs.pt/em-destaque/portugal-ja-administrou-5-milhoes-de-doses-de-reforco-contra-a-covid-19.aspx
https://www.dgs.pt/em-destaque/portugal-ja-administrou-5-milhoes-de-doses-de-reforco-contra-a-covid-19.aspx
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/1047814/Vaccine-surveillance-report-week-2-2022.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/1047814/Vaccine-surveillance-report-week-2-2022.pdf
https://www.rivm.nl/en/covid-19-vaccination/figures-vaccination-programme
https://www.rivm.nl/en/covid-19-vaccination/figures-vaccination-programme
http://doi.org/10.7326/M20-3569
http://www.ncbi.nlm.nih.gov/pubmed/32886525
https://covid.cdc.gov/covid-data-tracker/#vaccinations_vacc-total-admin-rate-total
https://covid.cdc.gov/covid-data-tracker/#vaccinations_vacc-total-admin-rate-total
http://doi.org/10.3390/vaccines9010042
http://www.ncbi.nlm.nih.gov/pubmed/33445581
https://www.moh.gov.sa/en/Ministry/MediaCenter/News/Pages/News-2021-06-17-001.aspx
https://www.moh.gov.sa/en/Ministry/MediaCenter/News/Pages/News-2021-06-17-001.aspx
https://corona.moh.gov.jo/en
https://graphics.reuters.com/world-coronavirus-tracker-and-maps/countries-and-territories/kuwait/
https://graphics.reuters.com/world-coronavirus-tracker-and-maps/countries-and-territories/kuwait/
http://doi.org/10.1080/21645515.2020.1819741
https://vaksin.kemkes.go.id/#/vaccines
http://www.gov.cn/fuwu/2021-11/30/content_5655117.htm
http://www.gov.cn/fuwu/2021-11/30/content_5655117.htm
http://doi.org/10.3390/vaccines9010048
http://www.ncbi.nlm.nih.gov/pubmed/33466675
https://www.japantimes.co.jp/news/2021/10/26/national/japan-vaccine-rollout-top-three/
https://www.japantimes.co.jp/news/2021/10/26/national/japan-vaccine-rollout-top-three/
http://doi.org/10.1093/aje/kwac029
http://www.ncbi.nlm.nih.gov/pubmed/35166332
https://health-infobase.canada.ca/covid-19/vaccination-coverage/#a3
http://doi.org/10.1371/journal.pone.0262660
http://www.ncbi.nlm.nih.gov/pubmed/35030220
https://www.nbcnews.com/news/world/hong-kong-covid-outbreak-rcna20033
https://www.nbcnews.com/news/world/hong-kong-covid-outbreak-rcna20033
https://sites.google.com/cdc.gov.tw/2019ncov/taiwan
https://sites.google.com/cdc.gov.tw/2019ncov/taiwan

	Introduction 
	Materials and Methods 
	Study Design and Sample 
	Variables 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

