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The COVID-19 pandemic continues to impact daily life, including health system operations,
despite the availability of vaccines that are effective in greatly reducing the risks of death and
severe disease. Misperceptions of COVID-19 vaccine safety, efficacy, risks, and mistrust in
institutions responsible for vaccination campaigns have been reported as factors contributing
to vaccine hesitancy. This study investigated COVID-19 vaccine hesitancy globally in June
2021. Nationally representative samples of 1,000 individuals from 23 countries were sur-
veyed. Data were analyzed descriptively, and weighted multivariable logistic regressions were
used to explore associations with vaccine hesitancy. Here, we show that more than three-
fourths (75.2%) of the 23,000 respondents report vaccine acceptance, up from 71.5% one
year earlier. Across all countries, vaccine hesitancy is associated with a lack of trust in
COVID-19 vaccine safety and science, and skepticism about its efficacy. Vaccine hesitant
respondents are also highly resistant to required proof of vaccination; 31.7%, 20%, 15%, and
14.8% approve requiring it for access to international travel, indoor activities, employment,
and public schools, respectively. For ongoing COVID-19 vaccination campaigns to succeed in
improving coverage going forward, substantial challenges remain to be overcome. These
include increasing vaccination among those reporting lower vaccine confidence in addition to
expanding vaccine access in low- and middle-income countries.
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accine hesitancy, defined by the World Health Organiza-

tion Strategic Advisory Group for Emergencies (WHO

SAGE) Working Group on Vaccine Hesitancy as
the “delay in acceptance or refusal of vaccination despite avail-
ability of vaccination services!,” was declared by WHO in 2019 as
one of the ten greatest global health threats?. In June 2020, with
no vaccine approved and as most countries were still experiencing
the initial surge of SARS-CoV-2 transmission, the authors of this
study reported low COVID-19 vaccine acceptance among more
than 13,000 respondents in 19 of the world’s hardest-hit countries
at that time3. As of 14 December 2021, nearly one billion indi-
viduals globally were partially vaccinated and another 3.64 billion
were fully vaccinated against COVID-19; however, more than
44% of the world, predominantly in low- and middle-income
countries (LMIC), were still unvaccinated* and case rates, hos-
pitalizations, and mortality remained high globally.

Vaccination is one of the most effective interventions to con-
trol the ongoing pandemic, but COVID-19 vaccination accep-
tance rates vary greatly globally”>-8, Effective and comprehensive
vaccination strategies require an up-to-date understanding of the
perceptions that drive COVID-19 vaccine hesitancy and the
common characteristics of people who are less likely to accept a
vaccine or vaccination requirement, or mandate®.

COVID-19 vaccine hesitancy literature focuses on four inter-
related subjects: (1) vaccine safety; (2) vaccine efficacy; (3) per-
ception of risk; and (4) mistrust of governments and health and
scientific institutions!?-1°, Individually-reported beliefs regarding
COVID-19 vaccine safety arise from real or hypothetical
knowledge of adverse events in addition to disinformation or
misinformation!?, which are often hyperbolic, proliferate on
social media, and are attributed to a well-known sub-set of
political and religious leaders and self-identified medical
professionals'4. Exposure to online misinformation on COVID-
19 vaccine safety and efficacy can lead to a decrease in intent to
receive a COVID-19 vaccine!?. A survey conducted in nine
LMICs in Asia and Africa demonstrated an inverse association
between vaccine hesitancy and perceptions of effectiveness!”.
Misperception of the severity of COVID-19 infections and an
individual’s risk of contracting SARS-CoV-2 are also associated
with vaccine hesitancy!-18, which is consistent with the general
literature on vaccines and risk perception?0. When coupled with
public mistrust towards health care workers (HCWs), scientific
institutions, and/or health authorities, these drivers can poten-
tially halt progress on vaccine uptake in settings where vaccines
are available?!. Understanding the characteristics and degrees of
hesitancy among those who believe misinformation on safety,
efficacy, and risk can help health authorities, community leaders,
and other trusted sources to identify priority groups for targeted
information about the safety and efficacy of available COVID-19
vaccines, which all reduce the risks of severe illness and mortality.

Demographic and other factors associated with vaccine hesi-
tancy include residing in a rural area, lower income, female
gender, lower education, and vaccine costs!>17:18:22.23 " Studies
investigating COVID-19 vaccine hesitancy among racial and
ethnic minorities indicate that acceptance has improved over
time!8:24-26, Specific drivers of hesitancy among minority racial
groups include mistrust of health authorities?” and inequitable or
under-representation in vaccine trials!C.

This survey, undertaken in late June 2021, assesses vaccine
uptake and the reasons for vaccine hesitancy among participants
in 23 countries, which represent approximately 60% of the
world’s population?8. It was carried out within the context of a
year of substantial but very uneven global COVID-19 vaccine
availability, administration, and acceptance, which necessitated
new assessments of the drivers of vaccine hesitancy and the
characteristics of people not vaccinated. Additions to the

2021 study include analyses of the associations between vaccine
hesitancy and each of four vaccine-specific perceptions (i.e., risk,
trust, safety, and efficacy), as well as a composite score of them
(COVID-VAC), and the association between mental health and
vaccine hesitancy, as well as support for a range of requirements
for proof of vaccination to participate in activities and travel, and
vaccination for children.

Results

Sample characteristics. 23,000 participants from 23 countries
responded to the survey. Approximately half were female (50.2%)
and resided in LMICs (52.2%), while three-fifths (59.9%) were
aged 30-59 and one-fifth (22.4%) were university graduates
(Table 1, Table 2). HCWs represented one in ten (10.8%) of all
respondents. COVID-19 illness (self or family) or loss of a family
member to COVID-19 were most commonly reported in Ecuador
(48.3% and 19.2%), Brazil (38.3% and 18.3%), and Peru (35.5%
and 34.7%), and least commonly in China (1.5% and 2%), Sin-
gapore (3.3% and 5.3%), South Korea (3.8% and 2.1%), Ghana
(5.8% and 1.5%), and Nigeria (6% and 2.3%). Loss of income was
highest in lower-middle and upper-middle income countries
(range, 31.7% in Germany to 95.1% in Ecuador). Reported
experience of anxiety rates ranged from 9.2% in Ghana to 44.7%
in Turkey, while experience of depression was lowest in China
(12.6%) and Ghana (12.9%) and highest in Turkey (38.7%).

Vaccine acceptance and hesitancy, June 2021. In June 2021,
COVID-19 vaccine acceptance in the 23 countries surveyed was
75.2%, compared to 71.5% one year earlier’. COVID-19 vaccine
acceptance at that time was defined as having received at least
one dose of a COVID-19 vaccine and, if not, willingness to take
the COVID-19 vaccine when it is available to them. A year earlier,
in June 2020, COVID-19 acceptance was defined as willingness to
get vaccinated if proven safe and effective. Of those who reported
acceptance, 49% reported that they had received at least one
vaccine dose and 51% said they were willing to get vaccinated
once it became available to them. Vaccine hesitancy was defined
as having reported “no” to the question on whether they received
at least one dose of a COVID-19 vaccine and also either “unsure/
no opinion,” “somewhat disagree,” or “strongly disagree” to the
question on whether they would take a COVID-19 vaccine when
available to them. While overall vaccine hesitancy decreased from
28.5% to 24.8%, the opposite trend was observed in South Africa
(20.9% greater hesitancy), the United States (US) (8.8%), Nigeria
(8.2%), and Russia (3.3%). In June 2021, vaccine hesitancy was
reported most frequently in Russia (48.4%), Nigeria (43%), and
Poland (40.7%) and least often in China (2.4%), the United
Kingdom (UK) (18.8%), and Canada (20.8%) (Fig. 1).

The hypothetical recommendation of an employer to receive a
COVID-19 vaccine was perceived more positively in all countries
(a decrease in hesitancy from 52.8% in 2020 to 35.8% in 2021),
except in Germany and South Korea, where 3% and 0.2%,
respectively, said that they were more hesitant to accept
vaccination based on an employer’s recommendation than in
the previous year. In 2021, reported hesitancy associated with a
hypothetical doctor’s recommendation ranged from 4.9% in
China to 43.6% in Russia and was lower compared to a
recommendation from one’s employer (from 3.3% in China to
55.6% in Russia). Notably, among respondents who stated
that they were hesitant to vaccinate, potential vaccine acceptance
was more likely to occur if recommended by one’s doctor in India
(63.5%), Kenya (38%), Brazil (36.8%), Turkey (29.9%), South
Korea (28.4%), and Russia (26.5%) (Fig. 1).

Vaccine hesitancy did not significantly correlate with a
country’s current COVID-19 case burden (r = —0.13, p = 0.560)
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and mortality (r = —0.25, p = 0.390) (Fig. 2). Country vaccination
rates* were negatively associated with vaccine hesitancy
(r=—0.45, p=0.034) (Fig. 2). Vaccine uptake often depends on
availability of supplies and services in the country. Our results
found low vaccination uptake and relatively high hesitancy in
countries in Africa compared with the rest of the sample. Low

hesitancy was observed in countries with vaccine uptake of greater
than 40% of the population, with the exception of Poland, France,
and the US, which had higher hesitancy. Parents’ hesitancy to
vaccinate their children was repored most often in Russia (64.5%),
Poland (53.7%), and France (51.1%) and least often in China (5%),
Brazil (8.7%), Ecuador (14.1%), and Peru (14.9%). In all countries,
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Fig. 1 COVID-19 vaccine hesitancy and acceptance in June 2020 and June 2021. a COVID-19 vaccine hesitancy and acceptance. b COVID-19 vaccine
hesitancy and acceptance if recommended by employer or one's doctor. a, b COVID-19 acceptance in June 2020 was defined as willingness to take vaccine
if proven safe and effective. COVID-19 vaccine acceptance in June 2021 was defined as having received at least one dose of a COVID-19 vaccine and if not,
willingness to take the COVID-19 vaccine when it is available to them. Vaccine hesitancy was defined as having reported “no” to the question on whether
they have received at least one dose of a COVID-19 vaccine and also either unsure/no opinion, somewhat disagree, or strongly disagree to the question on
whether they would take a COVID-19 vaccine when available to them. Four countries (Ghana, Kenya, Peru, and Turkey) were not included in the 2020
global survey. ¢ Potential COVID-19 vaccine acceptance if recommended by employer or one’s doctor among those willing to take vaccine when available
and those hesitant to vaccinate. ¢ Potential COVID-19 vaccination was defined as willingness to take the COVID-19 vaccine when it is available if

recommended by employer or by doctor.

hesitancy to vaccinate one’s children was greater among parents
who themselves were hesitant (Fig. 3).

Correlates of vaccine hesitancy, June 2021. In multivariable
models, vaccine hesitancy was significantly associated with
younger respondents in Canada, France, Germany, South Korea,
Sweden, the UK, and the US (aOR range, 0.96-0.98) (Fig. 4) and
older ones in Ghana (aOR = 1.07, 95% CI [1.0, 1.15]) and Nigeria
(aOR =1.08, 95% CI [1.01, 1.17]). Male gender was significantly
associated with vaccine hesitancy in Kenya and Peru (aOR = 2.55,
95% CI [1.13, 5.77] and aOR = 3.15, 95% CI [L.6, 6.18]) and
female gender in Ghana, Nigeria, South Africa, and the US (aOR
range, 0.11-0.66). Having a university degree was significantly
negatively associated with vaccine hesitancy in France, Mexico,
South Africa, and the US (aOR range, 0.18-0.57). Personal or
family COVID-19 illness were significantly negatively associated
with vaccine hesitancy in Germany, Ghana, Peru, Poland, Turkey,
and the UK (aOR range, 0.17-0.74) and loss of a family member
due to COVID-19 was significantly negatively associated with
vaccine hesitancy in Brazil, France, Germany, Mexico, Peru,
Poland, Singapore, Sweden, Turkey, and the UK (aOR range,
0.11-0.37). Having little or no income was significantly associated
with vaccine hesitancy in Brazil, France, Germany, Italy, Nigeria,
Peru, Russia, South Korea, Spain, Turkey, and the US (aOR range,
1.76-4.38). Moderate or severe income loss due to the pandemic
was significantly negatively associated with vaccine hesitancy in
Ghana, Nigeria, Poland, and the US (aOR range, 0.07-0.50).

In univariable analyses, vaccine hesitancy significantly corre-
lated with negative perceptions of risk, trust, safety, and efficacy
(Supplementary Table 1). The strongest correlations were
observed with the statements: “I trust the science behind the
COVID-19 vaccines,” “The COVID-19 vaccines available to me
are safe,” and “COVID-19 can be prevented by vaccination.”
Adjusted for socio-demographic factors and COVID-19 experi-
ence, these three statements were the most salient and consistent
negative correlates of vaccine hesitancy in all countries (aOR
range, 0.07-0.73) (Fig. 5). As a composite score (averaged scores
for the six items assessing perceptions of risk, trust, safety, and
efficacy), COVID-VAC was correlated with vaccine acceptance
(r=0.85, p<0.001) and had high internal reliability (Cronbach’s
alpha of 0.86) (Supplementary Table 1, Supplementary Figure 1).
In univariable analyses, vaccine hesitancy was significantly lower
among respondents who reported that they trust their central
and/or local government in all countries except Brazil, China,
Ecuador, and Peru (Supplementary Table 2). After adjustment for
socio-demographic factors and COVID-19 experience, vaccine
hesitancy was significantly negatively associated with trust in
the central government in Singapore (aOR = 0.14, 95% CI [0.04,
0.43]) and trust in the local government in Ghana (aOR = 0.23,
95% CI [0.08, 0.66]) and Poland (aOR =0.36, 95% CI [0.18,
0.74]).

Finally, vaccine hesitancy was significantly negatively corre-
lated with the experience of anxiety in Canada (aOR = 0.23, 95%
CI [0.05, 1]) and Peru (aOR =0.28, 95% CI [0.12, 0.67]) but

positively correlated with the experience of anxiety in South
Korea (aOR = 2.42, 95% CI [1.36, 4.32]) and the US (aOR = 4.40,
95% CI [1.35, 14.28]). Experience of depression was a significant
positive correlate of vaccine hesitancy in South Africa (aOR =
1.95, 95% CI [1.01, 3.80]) but a negative one in the UK
(aOR=0.34, 95% CI [0.13, 0.86]) and the US (aOR=0.22,
95% CI [0.06, 0.75]) (Fig. 5).

Hesitancy among health care workers (HCWs), 2021. Vaccine
hesitancy was significantly lower among HCWs globally com-
pared to non-HCWs (8.1% vs. 17%, p <0.001, aOR = 0.58, 95%
CI [0.47, 0.72]) (Table 3). Vaccine hesitancy was lowest among
physicians (3.1%), followed by nurses (6.5%), community health
workers (7.8%), and other HCWs (14.0%).

Proof of vaccination mandates. Overall, among the countries
sampled, support for requiring vaccines was highest in China,
India, Peru, and South Korea and lowest in Poland, Russia, and
Germany. Strong support was reported globally (74.4%) for proof
of vaccination to travel internationally, particularly in China
(93.3%), South Korea (87.8%), India (87.7%), Brazil (86.4%), and
Ecuador (83%) but less so in Poland (52.7%) and Russia (52.5%).
Overall support for mandatory vaccination to attend university
and indoor activities was 63.3% and 63.1%, respectively. These
ranged from lowest in Russia (33.1% for university attendance
and 37.6% for indoor activities) to highest in China (95.4% and
89.7%, respectively). Support for governments or employers to
require vaccination displayed similar trends. Agreement with
requirements to vaccinate children to attend school received the
least support overall (58.2%), ranging from 24.4% in Russia to
86.6% in China. Support for requiring vaccines to participate
in situations listed above was substantially lower among those
who were hesitant to vaccinate themselves (Fig. 6).

Discussion

Reported COVID-19 vaccine acceptance, measured by intention
to get vaccinated or having received at least one dose of an
available vaccine, increased over the last year in 15 of the 19
countries studied in 2020 and 20213, and was 75.2% for all 23
countries studied in 2021. However, this percentage is still
below the estimates needed to control the pandemic?®. Negative
perceptions of safety, trust in the science behind vaccine devel-
opment, and vaccine efficacy were the most consistent correlates
of hesitancy. Government mistrust was associated with vaccine
hesitancy in most countries. Other factors associated with vaccine
hesitancy varied by country and included personal experience
with COVID-19 (e.g., sickness or loss of a family member)
and demographic characteristics (e.g., gender, education, and
income).

In order to improve global vaccination rates, some countries
may at present require people to present proof of vaccination to
attend work, school, or indoor activities and events. Our results
found strong support among participants for requirements

| (2022)13:3801 | https://doi.org/10.1038/541467-022-31441-x | www.nature.com/naturecommunications 5


www.nature.com/naturecommunications
www.nature.com/naturecommunications

ARTICLE NATURE COMMUNICATIONS | https://doi.org/10.1038/541467-022-31441-x

Panel a.
50.00 Russia
L
Nigeria
®poland 3
40.00 ° Solgh Africa
France
°
United States
Ghana
2 ° L r=0.13
g P p-value = 0.560
0 Germany Turkey
Q@ °
o Kenyag  sweden
g taly Canadag © E:uudor )
2000 0® India United Kingdom
Lot Singapore @ °
So;h.KovenM“lw
.Spaln Peru
°
Brazil
10.00 °
China
°
00
.00 100.00 200.00 300.00 400.00
Cases per million
Panel b.
50.00 Russia
°
Nigeria
® Poland Socli i
4000 ° outh Africe
France
Dot sta
i es
> S o r=0.19
§ ¥ cemany p-value =0.390
3 Kenya Tukeyﬂ
I © sweden | .o
= oca Ecuador
2000 raly@®  Mexico @
°
@ United Kingdom
South Korea
Singaporeg  Spain Peru
Brazil
10,00 °
China
°
00
00 200 400 6.00 8.00 10.00
Mortality per million
Panel c.
50.00 Russia
°
Nigeria
b ) Poland
40.00 Sm:h Africa [
France
Ghana United States
°
g ° =0.45
30.00
é Turkey Germany p-va lue =0.034
:E Kenya Y °
° India. Sweden
xX Ecuador ° Canada
o ° o ftaly °
20.00 MOXICO. South Korea 8 °
o @Singapore United Kingdom
Spain
Peru
° F ®
Brazil
10.00 °
China
°
.00
00 20.00 40.00 60.00 80.00 100.00

Vaccination rates

Fig. 2 COVID-19 vaccine hesitancy by current cases and mortality. a COVID-19 vaccine hesitancy and COVID-19 cases. b COVID-19 vaccine hesitancy
and COVID-19 mortality. a, b Source data are provided in a Source Data file. ¢ Vaccination rates and COVID-19 vaccine hesitancy. € The association
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using Pearson correlations and associated p-values based on two-sided tests. No adjustments for multiple analyses were made. Source data are provided in

a Source Data file.
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Fig. 3 COVID-19 vaccine hesitancy for children among parents. Vaccine hesitancy was defined as having reported “no” to the question on whether
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"o

somewhat disagree,” or “strongly disagree” to the

question on whether they will take COVID-19 vaccine when available to them.

targeting international travellers, while support was weakest
among participants for requirements for schoolchildren. Support
for requiring vaccines was substantially lower among those who
were hesitant to get vaccinated themselves. Importantly, however,
recommendations by a doctor, or to a lesser extent by an
employer, may impact a respondent’s views on vaccination in
some countries.

Misperceptions of vaccines as having high risks and low ben-
efits is a driver of vaccine hesitancy®" that may also reflect a
respondent’s lower trust in the science behind vaccine research
and production?!-31-34 In late 2019 and early 2020 the majority
of people surveyed globally reported that science was important
in their society. Perceived importance of science was described as
valuing government investments in scientific research, believing it
is very important to be a world leader in scientific achievement,
and trusting scientists to do what is right for the public®. Our
results corroborate these findings: negative perceptions of trust in
science and vaccine safety and efficiacy were most strongly
associated with vaccine hesitancy.

Health care workers are in a position of trust and are perceived
as important sources of reliable and accurate vaccine
information3¢-3%. However, one study found that COVID-19
vaccine hesitancy among HCW's ranged widely between 4.3% and
72%, with an average of 22.5%%0. The main reasons for vaccine
hesitancy among HCWs are similar to those found in the general
population: concerns about efficacy, safety, and potential side-
effects. Demographic factors among HCWs such as male gender,
greater age, and attainment of a doctoral degree were positively
associated with acceptance of COVID-19 vaccines®®. Our findings
align with prior reports of higher rates of vaccine acceptance
among physicians compared to nurses*!'~#4. Among hesitant
respondents in this survey, the advice of their physician improved
willingness to accept a COVID-19 vaccine, as did recommenda-
tion by their employer, to a lesser extent.

In June 2020, one of the factors most strongly associated with
acceptance of a yet unavailable vaccine was trust in government
to successfully address unexpected health threats, such as the
COVID-19 pandemic3. A 2020 study in Portugal, where 56% of
respondents reported they would wait to take the COVID-19

vaccine and 9% of respondents reported they would refuse vac-
cination, showed that vaccine hesitancy was related to a poor
perception of government and health service responses as well as
a lack of trust in the information provided*®, which is consistent
with previous pandemic research®0. Yet, after accounting for
socio-demographic and COVID-19 experience variables, our
study found mistrust in the central government was not sig-
nificantly associated with vaccine hesitancy, as was also the case
for the local government, in most countries sampled, except in
Ghana and Poland. Respondents in Nigeria reported high vaccine
hesitancy and high distrust in governmental ability to respond to
COVID-19%, but the association between vaccine hesitancy and
trust in government was not significant. This dissonance between
trust in government and vaccine acceptance in our study could be
related to the population’s general dissatisfaction with govern-
ment responses to the pandemic and its economic consequences,
with vaccine acceptance being independent of such sentiments
and more a reflection of personal experiences with COVID-19
illness or loss of life and livelihood. Our results confirm that
direct experience for self or family with the illness and/or loss of a
family member to the disease are independently associated with
vaccine acceptance.

As health systems in LMICs struggle to address COVID-1948,
vaccine access has become a cause for national and international
frustration. Most LMICs have been slow to receive and distribute
vaccines, which are much more available in high-income coun-
tries, prompting critiques of global vaccine inequity*®, which were
exacerbated with the distribution of so-called booster shots in
high-income countries in the autumn of 2021. Access issues,
coupled with vaccine hesitancy, which this study found declined
overall, can have catastrophic effects. In South Africa, where
hesitancy increased compared to our 2020 study, data collection
coincided with the rapid transmission of the Omicron variant.
The virulence and transmissibility of future possible variants
remain unknown, highlighting the need to augment efforts to
increase vaccine equity and public trust in vaccination®.

Most recent studies do not investigate income as a potential
influencer on vaccine acceptance. A study conducted in Portugal
found that people who lost income during the pandemic were
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Fig. 4 Correlates of COVID-19 vaccine hesitancy with socio-demographic factors and COVID-19 experience. a Correlates in Brazil, Canada, China,
Ecuador, France, Germany, Ghana, India, Italy, Kenya, Mexico, and Nigeria. b Correlates in Peru, Poland, Russia, South Africa, South Korea, Singapore,
Spain, Sweden, Turkey, the United Kingdom, and the United States. a, b Adjusted odds ratios (aOR) and 95% Cl error bars (log scale) from weighted
multivariable logistic regression; reference categories: Female, No university degree, More than median income, No COVID-19 sickness/death, No loss of
income.
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Fig. 5 Correlates of COVID-19 vaccine hesitancy with beliefs in a vaccine's ability to prevent COVID-19, safety and trust in the vaccine science, trust in
government, anxiety, and depression. a Correlates in Brazil, Canada, China, Ecuador, France, Germany, Ghana, India, Italy, Kenya, Mexico, and Nigeria.
b Correlates in Peru, Poland, Russia, South Africa, South Korea, Singapore, Spain, Sweden, Turkey, the United Kingdom, and the United States. a, b Adjusted
odds ratios (aOR) and 95% Cl error bars (log scale) from weighted multivariable logistic regression, adjusted for socio-demographic factors and COVID-19
experience.
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Table 3 COVID-19 vaccine hesitancy and acceptance by health care worker status.

At least one dose  Will take vaccine Vaccine Vaccine
received when available acceptance hesitancy
N % % % % p value aOR (95% CI)

Not HCW 19840 52 31 83 17
All HCWs 3295 724 19.4 91.8 8.1 <0.001 0.58 (0.47, 0.72)
Physician 891 85.62 1.2 96.9 3.1
Nurse 619 74.5 19.1 93.5 6.5
Community 790 69.6 225 92.2 7.8
health worker
Other health 995 61.6 24.5 86.1 13.9

care worker

Different subscripts denote statistically significant pairwise differences.
30R, 95% Cl and p value (two-sided) are from multivariable logistic model (outcome: vaccine hesitancy) after adjusting for demographic variables, COVID-19 experience, and clustering of health care

workers (HCWSs) in countries.
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Fig. 6 Support for COVID-19 vaccination mandates. a Overall. b Among those hesitant to vaccinate against COVID-19. a, b Support is defined as reporting
“strongly agree/agree” with each mandate.
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more hesitant®>. A study carried out in Ireland showed that
people with a lower income were also more vaccine hesitant®!, A
study carried out in China showed that loss of income was greater
among residents of areas with more severe COVID-19 trans-
mission and magnified existing social and economic disparities®2.
A study conducted in the US showed that having lower income
was associated with a higher risk of depression during the
pandemic®3. Our results show that a lower household income is
associated with a greater level of hesitancy in 11 countries, while
a loss of income due to the pandemic is positively associated with
vaccine acceptance in four countries. We suspect the perceived
positive association between vaccination and desire for a “return
to normalcy” is stronger among people who lost socioeconomic
status and financial stability due to revenue loss.

Globally, anxiety and depression increased during the pan-
demic while positive emotions such as happiness and life satis-
faction decreased*. A global review of COVID-19-related mental
health studies found that the prevalence of anxiety ranged
between 26.5%-44.6% and depression between 8.1%-25%
and that the prevalence of insomnia was 38%°°. Stress levels were
found to vary widely (from 3.8% to 68.3%). In several countries
such as Bangladesh, India, and Pakistan, cases of suicide linked to
fear of COVID-19 have been reported®*. Across a range of time
points and geographies, people who had COVID-19 reported
more symptoms of anxiety, depression, and post-traumatic stress
disorder than people without a COVID-19 diagnosis>*. Similarly,
people with pre-existing psychiatric conditions reported a wor-
sening of their psychiatric symptoms during the pandemic®®.

Mental illness has been associated with a higher risk of
COVID-19 related mortality and morbidity®’, yet studies exam-
ining the impact of mental health on vaccine hesitancy are scarce.
One German study did not show a relation between depression or
anxiety and vaccine hesitancy®. This is in line with a Danish
study showing that, although people previously diagnosed with
mental illnesses reported slightly lower vaccine acceptance com-
pared to the general population (84.8% versus 89.5%), vaccine
hesitancy among people with mental illnesses did not seem to be
a deterrant to reaching herd immunity®®. In Ireland, by contrast,
people who had received treatment for a mental health problem
were more accepting of a vaccine, unlike UK respondents who
showed no such association®!. Our study results suggest that the
effects of experience of depression and anxiety are far from
universal, with divergent associations between anxiety and
depression and vaccine hesitancy reported across the 23 coun-
tries. Future research should undertake a deeper examination of
cultural influences on mental health-related vaccine hesitancy.

Increased vaccine scepticism may result from the dissemina-
tion of erroneous or inaccurate, and often politicized32%, infor-
mation. Misinformation is associated with vaccine hesitancy,
undermining confidence in the safety and efficacy of COVID-19
vaccines®!. For example, over two-thirds of vaccine related videos
on YouTube that were analyzed for content accuracy in May 2019
presented unreliable safety and efficacy information®2. However,
in mid-February 2021, despite only 46% of Twitter poll respon-
dents agreeing that all COVID-19 vaccines are safe, 83% indi-
cated they would accept a vaccine, while only 2% would agree to
accept one if mandated®3. Our results indicate that vaccine
hesitant respondents may be more willing to accept a COVID-19
vaccine if recommended by their doctor.

To control the COVID-19 pandemic, some countries have
considered or implemented requirements for proof of vaccina-
tion, or vaccine mandates, to permit travel internationally or to
attend work, school, or indoor events. Consistent with our results,
other recent studies found higher support for vaccine require-
ments to travel internationally than domestically®»%°. Also in line
with our results, a September 2020 study from the US found that

approximately half of the general population considered man-
datory COVID-19 vaccination for children attending school
acceptable, a category that also remains universally low in our
sample (overall 58.2%)°°,

Vaccine mandates for adults by state governments were con-
sidered acceptable by 40.9% of the US population, whereas 47.7%
accepted mandates by their employer to attend work®®. However,
our 2020 global study showed that people were potentially more
likely to accept voluntary over employer-mandated vaccination?.
“Choice architecture” that frames vaccination requirements as
effective public health and disease prevention and control tools,
which one chooses to accept in order to fully participate in
society, as opposed to a violation of the individual’s right to select
medical treatment, may promote incremental vaccine uptake®’.
As vaccines receive full (ie., no longer just emergency use)
approval from regulatory agencies, this may lead to improved
perceptions on safety and efficacy, and vaccination campaigns
based on such choice framing could convince more unvaccinated
adults and young adults to accept vaccination and increase par-
ental acceptance of vaccination for their children.

One limitation of correlation analyses using actual vaccination
rates is that countries with low vaccine access may produce
unreliable results given this extrinsic factor. Additionally, our
questionnaire asked about a general COVID-19 vaccine, whereas
several COVID-19 vaccines, each with different efficacy results
and targeted misinformation, are being distributed globally. This
study is strengthened by maintaining a sampling methodology
that ensured population representativeness between iterations.
We tested COVID-VAC as a composite score, which showed high
internal reliability and external construct validity with our mea-
sure for vaccine hesitancy among large nationally representative
samples in 23 countries. Yet, other aspects of scale validation have
not been conducted, such as test-retest reliability, responsiveness
over time, and content validity to assess the potential exclusion of
other relevant factors for vaccine hesitancy®®, though authors
consulted the SAGE Working Group framework of determinants
and previous related studies to design the questionnaire. Items
were written unambiguously and succinctly to adhere to ques-
tionnaire development best practices®®, with the possible excep-
tion of item 5, “I trust that my government is able to deliver the
COVID-19 vaccine to everyone, everywhere in my country,
equally,” which may have introduced a response bias by referring
to multiple actors and actions. We encourage further testing of
this tool over time, in conjunction with emerging determinants of
COVID-19 vaccine hesitancy®, and using modified items to
reduce potential biases in order to fully understand its validity.

Although some countries are currently disengaging from
aggressive COVID-19 control measures, the disease has by no
means been subdued. For ongoing COVID-19 vaccination cam-
paigns to succeed in improving coverage going forward, sub-
stantial challenges remain to be overcome. These include
increasing vaccination among those reporting a lower vaccine
confidence or who have difficulties in accessing vaccination
services, in addition to expanding vaccine access to low- and
middle-income countries. This study confirms the importance of
a positive perception of vaccine safety and efficacy for vaccine
acceptance under any circumstances. Ongoing vaccination
requirements and active vaccine promotion are not without the
risk of hardening opposition to COVID-19 vaccination, but
the alternative is to risk future surges from new variants and the
continuation of the pandemic as a public health threat. Further,
misinformation continues to spread and can impact COVID-19
vaccine acceptance’. We still need accurate COVID-19 vaccine
communication delivered by trusted sources to clearly explain
vaccine safety and benefits to individuals, families, and society
at large.
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Methods

Study participants. Participants were recruited by Consensus Strategies using
multiple international online panel providers to avoid coverage bias: Dynata pro-
vided 22,500 respondents across all 23 countries, and Consensus Strategies pro-
vided 500 respondents from Ghana. Participation by unique individuals was
ensured by verifying IP addresses and mobile phone numbers. Participants were
recruited for the panels via a variety of methods, including email, telephone, and
direct mail solicitation and equitably compensated in compliance with ethical
standards, varying by country and not exceeding USD 3 per completed survey.
Informed consent was obtained from all participants. No personally identifiable
information was collected or stored.

Sampling. Random stratified sampling was employed. Strata included ages (18-29,
30-39, 40-49, 50-59, and 60 years and older); gender (male, female, prefer not to
say, and “other”); statistical regions (usually province or state, varies by country);
and level of education (based on each country’s educational system”!), using global
data from UNESCO the Organisation for Economic Co-operation and Develop-
ment, and country data from Sweden, the United Kingdom, and the United States.
Educational level was coded into two groups, those who had or had not completed
a university degree. The number of participants who could enrol in each of these
strata was calculated to reflect the distribution in the general population based on
census/survey estimates provided by the World Bank’? and the Central Intelligence
Agency (CIA) World Factbook”3. Data were weighted by strata with each stratum
requiring a minimum of 50 participants.

Data collection. Survey data were collected between 25-30 June 2021, from an
online panel of 23,000 respondents aged >18 years from 23 countries (1 = 1000 per
country), comprised of those countries included in the 2020 study® (n = 19), aug-
mented by four additional countries with high disease incidence (Ghana, Kenya,
Peru, and Turkey)”# and representing regions not represented in the previous study.
The 23 countries are: Brazil, Canada, China, Ecuador, France, Germany, Ghana,
India, Italy, Kenya, Mexico, Nigeria, Peru, Poland, Russia, Singapore, South Africa,
South Korea, Spain, Sweden, Turkey, the UK, and the US. This study was approved
and the survey administered by Emerson College, Boston, US (institutional review
board protocol no. 20-023-F-E-6/12-[R1] updated April 12, 2021).

Survey instrument. The instrument was developed by an expert panel following a
comprehensive literature review of COVID-19 vaccine acceptance studies and the
authors’ earlier studies of pandemic control measures’!7>7¢ and vaccination
intent!-2030.77-80, which identified misperceptions of vaccine risk, non-safety and
inefficacy, as well as mistrust in government and scientific and health institutions
in vaccine development and distribution, as factors associated with vaccine hesi-
tancy. The 31-question instrument (Supplementary Methods) included: 1) ques-
tions representing perceptions of risk (q1) (q3), efficacy (q2), safety (q4), and trust
(q5 and g6) as important individual determinants of COVID-19 vaccine hesitancy
and of routine immunization and explored here as factors in a composite score
(COVID-VAC) as well; 2) two vaccine hesitancy-defining questions which inclu-
ded receipt of at least one dose of a COVID-19 vaccine (q7) and hesitancy to take a
vaccine when available to them (q8). Vaccine hesitancy was defined as having
reported “no” to the question on whether they have received at least one dose of a
COVID-19 vaccine and also either “unsure/no opinion,” “somewhat disagree,” or
“strongly disagree” to the question on whether they will take COVID-19 vaccine
when available to them. COVID-19 vaccine acceptance for self was defined as
having received at least one dose of a COVID-19 vaccine and if not, willingness to
take the COVID-19 vaccine when it is available (q8 answer options “strongly agree”
or “somewhat agree”). In addition, vaccination hesitancy for their children (q9) was
defined as having reported “unsure/no opinion,” “somewhat disagree,” or “strongly
disagree” to this question on whether they will have their child get the COVID-19
vaccine when it is available to them; 3) vaccination hesitancy if recommended by
one’s employer (q10) or doctor (q11); 4) COVID-19 mandate support required by:
(a) employers (q12) and (b) the government (q13) and for (c) university students
(q14), (d) school children (q15), and (e) indoor activities like auditoriums, con-
certs, sports events (q16), and (f) international travel (q17); 5) trust in the central
(g5 and q24) and local government (q25); 6) experience of anxiety (q21) and
depression (q22) (moderate; 3-4 days per week, or most or all of the time;

5-7 days per week); 7) COVID-19 experience (self or a family member became ill
with COVID-19 (q19), lost a family member to COVID-19 (q20)); 8) personal or
household loss of income due to the COVID-19 pandemic (q18) (Yes, severe loss;
Yes, moderate loss; No); and 9) demographic variables (age, gender, education,
income) and HCW status.

Data analysis. This study documents vaccine hesitancy globally and by country at a
point in time approximately six months after the first vaccine was authorized and
made available for emergency use. Using descriptive statistics, we reported vaccine
hesitancy rates by country and globally. The acceptance of a hypothetical vaccine
described in our June 2020 study® and current COVID-19 vaccine acceptance now
that vaccines are available was also analyzed descriptively. Global estimates were
obtained by averaging country-specific estimates. The association between a coun-
try’s vaccine hesitancy and COVID-19 cases and mortality (per million population)

(Fig. 2)74 at the time of the survey were each assessed using Pearson correlations.
Weighted univariable and multivariable logistic regressions were used to assess
adjusted relationships between vaccine hesitancy and socio-demographic variables,
COVID-19 illness experience (personally or a family member), perceptions of trust,
safety, and efficacy, trust in the central and local government, and mental health.
Associations between vaccine hesitancy and socio-demographic variables were
reported as odds ratios (ORs) and associated 95% confidence intervals (CIs).

In addition to adult vaccine hesitancy, we used descriptive statistics to
investigate support for vaccination of children and requirements for proof of
vaccination to travel internationally or to attend work, school, or indoor events.
Finally, vaccine hesitancy among HCWs was assessed across all countries
combined. Statistical significance was set at alpha = 0.05. Analyses were conducted
in SAS 9.4.

Reporting summary. Further information on research design is available in the Nature
Research Reporting Summary linked to this article.

Data availability

The raw data generated in this study are available for download at https://doi.org/10.
5281/zeno0do.656042781. All authors had access to the raw data. Source data for Fig. 2 and
Supplementary Figure 1 are provided with this paper. Data generated by Worldometer
(https://www.worldometers.info/coronavirus/about/#sources), the World Bank (https://
data.worldbank.org/indicator), and the CIA World Factbook (https://www.cia.gov/the-
world-factbook/about/archives) were re-used as described in the Methods. Source data
are provided with this paper.

Code availability
The analysis code that can be used to replicate the results is available at https://doi.org/
10.5281/zenodo.656042781.
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