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% Check for updates Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) continued

to mutate and spread in 2022 despite the introduction of safe, effective
vaccines and medications. Vaccine hesitancy remains substantial, fueled

in part by misinformation. Our third study of Coronavirus Disease 2019
(COVID-19) vaccine hesitancy among 23,000 respondents in 23 countries
(Brazil, Canada, China, Ecuador, France, Germany, Ghana, India, Italy,
Kenya, Mexico, Nigeria, Peru, Poland, Russia, Singapore, South Africa,
South Korea, Spain, Sweden, Turkey, the United Kingdom and the United
States), surveyed from 29 June to 10 July 2022, found willingness to accept
vaccination at 79.1%, up 5.2% from June 2021. Hesitancy increased in eight
countries, however, ranging from 1.0% (United Kingdom) to 21.1% (South
Africa). Almost onein eight (12.1%) vaccinated respondents are hesitant
about booster doses. Overall support for vaccinating children under

18 years of age increased slightly but declined among parents who were
personally hesitant. Almost twoin five (38.6%) respondents reported paying
less attention to new COVID-19 information than previously, and support
for vaccination mandates decreased. Almost a quarter (24%) of those who
becameill reported taking medications to combat COVID-19 symptoms.
Vaccination remains a cornerstone of the COVID-19 pandemic response,
but broad public support remains elusive. These data can be used by health
system decisionmakers, practitioners, advocates and researchers to address
COVID-19 vaccine hesitancy more effectively.

The Coronavirus Disease 2019 (COVID-19) pandemic persists despite
reductions in disease severity, hospitalizations and deaths since the
introduction of multiple vaccines that protect against COVID-19 and
pharmaceuticals to treat its symptoms'. However, vaccine hesitancy
and refusal continue to impede the effectiveness of these interven-
tions>*. Drivers of vaccine hesitancy are context-specific and include
lower education, mistrust in science and governments®”’ and misin-
formation®’. Around two-thirds (66.4%) of the world’s population had

received atleast one dose of a COVID-19 vaccine as of 30 June 2022, but
only17.4% of people in low-income countries had received a first dose'’,
underscoring unequal access, availability and delivery™".

Global rates of COVID-19 vaccination are gradually improv-
ing, albeit unevenly. Moreover, evidence suggests that the humoral
response to vaccination is substantially reduced within 6 months®,
necessitating additional doses (thatis, boosters) to achieve adequate
levels of protection™.
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Vaccine % change in acceptance
% hesitant % acceptance 2020 to 2022 2021to 2022
Global average 20.9 m—— 79.1 1 10.9 T 5.2
United States 19.8 ms— 80.2 1 6.4 1T 20.4
United Kingdom 19.6 e 80.4 T 12.4 v -1.0
Turkey 28.0 msme—— 72.0 N/A V=27
Sweden 20.8 mw—— 79.2 T 215 126
Spain 10.1 me——— 89.0 T 21.0 ™ 4.2
Singapore 7.5 m—— 92 .5 1T 36.2 T12.3
South Korea 10.8 me—— 89 .2 T 11.8 T 8.4
South Africa 52.1 messs— 47.9 L -41.3 v-211
Russia  39.2 messssssssssss 60.8 T 10.7 T 17.8
Poland 35.9 messes—— 4.1 T 13.9 T 8.1
Peru 10.4 —— 89.6 N/A T 2.6
Nigeria 28.1 m— 71.9 1 10.3 1 26.1
Mexico 26.4 s 73.6 L -35 v -9.4
Kenya 31.2 me—— 8.8 N/A 1 -85
Italy 15.4 me——— 84.6 T 19.5 T 6.3
India 1.7 e—— 98.3 T 31.9 1+ 26.0
Ghana 42.0 messssssssssss 58.0 N/A v -13.8
Germany pARCEE AR 145 T 6.0
France 18.3 me—— 81.7 1T 38.7 1T 28.7
Ecuador 1.4 e 88.6 T 23.2 T12.2
China 3.4 w—— 96.6 T 9.0 v -1.0
Canada 13.0 m—— 87.0 T 26.6 T 9.8
Brazil 12.8 messssssss—— 87.2 2.1 l -3.3

Fig.1| COVID-19 vaccine acceptance and hesitancy in June 2022, percent
change from 2020 and 2021. COVID-19 vaccine acceptance in June 2021
andJune 2022 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

of whether they have received at least one dose of a COVID-19 vaccine and also
‘unsure/no opinion’,‘'somewhat disagree’ or ‘strongly disagree’ to the question of
whether they would take a COVID-19 vaccine when available to them. COVID-19
acceptanceinjune 2020 was defined as willingness to take a vaccineif proven
safe and effective. Four countries (Ghana, Kenya, Peru and Turkey) were not
included in the 2020 global survey, denoted not applicable (N/A). Blue (up)
arrows indicate % increase in acceptance of COVID-19 vaccination; orange (down)
arrows indicate % decrease.

Vaccine hesitancy is a complex phenomenon'; prior studies of
influenza vaccine hesitancy have identified more than 70 factors that
influence it, many of which are time-specific and context-specific'®.
Not surprisingly, the same factors that influence hesitancy to accept
aninitial COVID-19 dose also drive booster hesitancy: mistrust of gov-
ernment and health authorities, concerns about vaccine safety and
efficacy and, in some countries, age and minority race or ethnicity>*".
Thelimited efficacy of current COVID-19 vaccinesin preventinginfec-
tion against new circulating variants could also influence acceptance'.
Twice-yearly COVID-19 booster vaccinations are currently recom-
mended in some countries based on eligibility and availability, and vac-
cines effective against new variants are in development”. Introducing
updated vaccine formulations and frequent booster shots will intensify
the challenge of convincing individuals and communities to accept
new vaccines to maintain protective immunity, particularly as the risk
perception of COVID-19 infection has decreased?.

Some obstacles to effective vaccine science communication for
lay audiences may include the need to continuously disseminate new
safety and efficacy data in simple, understandable terms; to explain
the justification for newly authorized or reformulated products; and
to introduce changes in vaccination schedules, especially for new
or expanded authorizations of childhood vaccinations®. Failure to
convey this information clearly and consistently during the current
pandemic may have confused audiences, eroded confidence in the
science and reduced vaccine acceptance. The ongoing ‘infodemic’
of voluminous, high-speed information—accurate or not—further
impedes vaccine literacy*.

Vaccination acceptance may also be dampened by public
perceptions that new COVID-19 variants are possibly less severe” or

Booster among vaccinated
% hesitant % acceptance

Global average 127 e 87.9

United States 13.0 I 87.0

United Kingdom 7.9 I 92.1

Turkey 12.4 I 87.6

Sweden 17.0 I 83.0

Spain 13.2 . 86.8
Singapore 47 N 95.3

South Korea 271 I 72.9

South Africa 18.9 I 811

Russia 28.9 I 710
Poland 15.8 I 84.2
Peru 7.8 I——— 92.2
Nigeria 14 I 98.6
Mexico 4.8 I 95.2
Kenya 5.6 NI 944
Italy 9.4 I 90.6
India 10.3 I 89.7
Ghana 7.5 I 92.5
Germany 1 e 88.9
France 261 I 73.9
Ecuador 127 e 87.9
China 11 . 98.9
Canada 17.6 I 82.4
Brazil 3.6 I 96.4

Fig.2|COVID-19 booster acceptance and hesitancy among vaccinated
respondents inJune 2022. COVID-19 booster acceptance among vaccinated in
June 2022 was defined as having received at least one dose of abooster and, if not,
willingness to take the booster when it is available to them. Booster hesitancy
among vaccinated was defined as having reported ‘no’ to the question of whether
they have received at least one booster dose and also ‘unsure/no opinion’,
‘somewhat disagree’ or ‘strongly disagree’ to the question of whether they would
take abooster when available to them. Vaccination was defined as either partially
or fully vaccinated.

thatrecently authorized therapeutics may improve disease outcomes
well enough to obviate the need to vaccinate in the first place?*. Unfor-
tunately, the emergence of highly infectious variants and the relaxation
of public health and social containment measures in many countries
will almost certainly trigger increased community transmission®.,

The aim of this large survey in 23 populous and heavily impacted
countries, representing almost 60% of the world’s population®, was to
track trends in global vaccine acceptance, to profile attitudes toward
recently available COVID-19 boosters and pharmaceutical treatments
andto assess attitudes toward several previously studied variables that
appear to contribute to ongoing vaccine hesitancy at a critical timein
the natural history of the pandemic.

Results

The global sample 0f23,000 respondentsincluded 1,000 participants
from each of 23 countries surveyed (Brazil, Canada, China, Ecuador,
France, Germany, Ghana, India, Italy, Kenya, Mexico, Nigeria, Peru,
Poland, Russia, Singapore, South Africa, South Korea, Spain, Sweden,
Turkey, the United Kingdom and the United States) (Methods). Half of
respondents (50.3%) were women, and one-fifth of respondents (22.2%)
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Reported COVID-19 experience

Medications when sick with
COVID-19 within the past year

Pharmaceutical medication

Global average 36.6 16.7 46.7 24.0 121 15.9 48.0 25.8 20.0 27.2 27.0
United States 44.1 18.3 37.6 23.2 89 M9 55.9 42.7 17.8 27.9 1.6
United Kingdom 49.6 121 38.3 93 6.6 N5 72.7 31.9 16.2 35 17
Turkey 227 223 35 345 13.1 28 24.4 322 27.8 20.8 19.2
Sweden 38.3 2.7 10 9938 1 75.3 P 26.5 19.2 13.3
Spain 55.2 15.6 292 7257 13.6 735 28.9 14 18.6 8.4
Singapore 60.9 6.1 33.1 19.1 13.3 141 53.5 50.5 20 19.9 9.5
South Korea 472 8.6 442 164 N5 31.9 4011 46.8 135 237 16
South Africa 33.9 23.4 42.7 25.2 20.2 12.4 422 13.3 20.1 24.9 2.7
Russia 08 22.4 35.8 1.3 21 18 298 14.2 34.4 19.2 323
Poland 335 27.3 39.2 69 15 85 69.6 346 19.9 30.6 14.9
Peru 29.6 40.8 29.5 44.9 20.4 10.4 24.4 51217 85.7
Nigeria ofg14.3 84.9 12.6 0 475 40 38 269 0 69.8
Mexico 34.4 291 365 33.9 108 13.6 4.6 20.7 13.4 341 31.9
Kenya 176 68 75.6 1.4 19.2 14.6 54.9 33 34 19.9 13.2
Italy 50.9 mna 38 96  17.6 1.1 61.8 17.3 25.3 M 16.4
India 39.9 4.9 55.1 68.8 23.8 16.4 24.6 18.4 32.8 242
Ghana |mtama9 83.6 68.9 53 105 15.4 135 8.2 76 2.3
Germany 412 i R 62 6 6.3 81.6 239 342 35 6.8
France 43 1 i 79 7.4 17 73 207 211 402 18
Ecuador - - B 36.3 28 14.4 23 10706 19.9 68.8
China 350.8 i 514 58 36.7 6.1 26 452 45 14.2
Canadfa - - — 67 82 13 724 49 17.8 27.4 5.8
Brazil _— - . 30.9 7.7 136 478 873.38.4 795
Pharmaceutical medications Paxlovid

Self/family member sick within the past year

Traditional medicine/herbal extracts and treatments

Self/family member sick more than 1 year ago
None Don't know

No medication taken

Molnupiravir (lagevrio)
Monoclonal antibodies (olumiant/baricitinib)
Ivermectin

Fig.3|Reported COVID-19 experience and medication used for COVID-19 within the past year. Specific pharmaceutical medications are reported as % of
pharmaceutical medications combined. Traditional medicine/herbal extracts and treatments were respondent-interpreted.

had auniversity degree. Age groups (18-29;30-39;40-49; 50-59; and
60+) were approximately equally represented (16.8-22.9%). Nearly
half of all respondents reported income above their country’s median
(45.6%).Healthcare workers (HCWs) represented onein ten (10.8%) of
allrespondents (Extended Data Table 1).

Vaccine acceptancein2022 was reported by 79.1% of the respond-
ents,up from75.2%1 year earlier®. However, vaccine hesitancy increased
in eight countries (range 1.0% in UK to 21.1% in South Africa) (Fig. 1).
Booster hesitancy among those vaccinated was 12.1% (range 1.1% in
Chinato 28.9% in Russia) (Fig. 2).

Intotal, 36.6% of all respondents reported COVID-19 iliness (one-
self or one’s family) within the past year (range 0.8% in Nigeria to 60.9%
in Singapore), and 24% reported receiving treatment with pharma-
ceuticals (range 6.2% in Germany to 68.9% in Ghana). Medications
reported as having been used included monoclonal antibodies (olu-
miant/baricitinib) (27.2%), ivermectin (27%), Paxlovid (nirmatrelvir/
ritonavir) (25.8%) and molnupiravir (lagevrio) (20%) (Fig. 3).

Vaccine hesitancy was significantly more likely to be associated
with malesinNigeriaand Peru (adjusted odds ratio (aOR = 4.42-5.24))
and females in China, Poland and Russia (aOR = 0.06-0.67) and not
having a university degree in France, Poland, South Africa, Sweden
and the United States (aOR = 0.15-0.60) (Table 1). Vaccine hesitancy
was not universally associated with income distribution, as it was sig-
nificantly higher among respondents earning less than their country’s
medianincomeinthe United States (aOR = 2.35) and conversely higher
among those earning more than the median income in Ecuador and
Ghana (aOR = 0.07-0.13) (Table 1). Belief in a vaccine’s ability to prevent
COVID-19 and in vaccine safety and trust in vaccine science remained
strongly correlated with acceptance (Extended Data Table 7). Booster
hesitancy among vaccinated respondents was significantly associated
with younger agein France, Germany, Poland, South Korea, Spainand
Sweden (aOR = 0.96-0.98) and with older age in Ecuador (aOR =1.09);
with male respondents in Ecuador (aOR =5.69) and with female

respondentsinFrance and the United States (aOR = 0.53-0.57); with not
having a university degreeinltaly and South Africa (aOR = 0.28-0.52);
and with earning less than the country’s median income in Canada,
Germany, Turkey and the United Kingdom (aOR =1.81-11.14) (Table 1).

Parental willingness to vaccinate their childrenin the 23 countries
studied increased slightly from 67.6% in 2021 (ref. 6), when COVID-19
vaccines for children were awaiting regulatory approval, to 69.5%
in 2022. Over the past year, moreover, COVID-19 childhood vaccine
hesitancy increased in eight countries (ranging from a 2.4% increase
inPoland to 56.3% in Brazil) and remained greatest among parents who
themselves were hesitant (Fig. 4). Childhood COVID-19 vaccination
hesitancy was also significantly higher amongolder parentsin Ecuador,
India and South Africa (aOR =1.03-1.19), among male respondentsin
Ecuador, Mexico and Peru (aOR = 3.41-5.33) and among respondents
withless than the median nationalincome in Canada, France, Germany
and the United States (aOR =1.86-2.96) (Table 1).

Support for COVID-19 vaccination mandates in 2021 ranged from
58.4% for vaccination of children to attend school to 74.4% for proof of
vaccination for international travel®. Support for all vaccination man-
datesinthe 2022 survey decreased compared to findingsin our survey
from the previous year, ranging from -2.6% for employers to require
vaccination to —-6.9% for proof of vaccination for international travel,
although support for the latter remained strong (69.2%). Support for
mandates to vaccinate children to attend school, for adults to attend
university and indoor activities and for governments or employers
torequire vaccination decreased in most countries (Fig. 5). However,
support for government mandates did increase in11 of the 23 countries
(range 0.2% in Canada to 14.8% in Poland) (Fig. 5).

Vaccine hesitancy among HCWs decreased from 8.1% in 2021 to
4.6%in 2022 but was significantly lower than for non-HCWs (4.6% versus
9.4%,a0R = 0.64,95% confidence interval (CI) (0.53,0.78), P < 0.001)°.
Receipt of at least one booster dose was reported by 19.9% of HCWs
compared to40.3% of non-HCWSs. Booster hesitancy among vaccinated
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HCWSs was lower (9.7%) compared to 12.4% of non-HCWs (aOR =0.79,
95% CI1(0.71, 0.88), P < 0.001). Booster hesitancy was lowest among
physicians (2.7%) and followed by nurses (9.9%), community health
workers (10.4%) and other HCWs (16.3%) (Extended Data Table 2).

Almost two in five (38.6%) of all respondents said they now pay
less attention to new information about COVID-19 vaccines than1year
ago (range 7.5% in India to 58.3% in Nigeria). Nonetheless, two-thirds
ofallrespondents (66.6%) still prefer vaccination to prevent COVID-19
iliness (range 40% in South Africa to 91.4% in China). In total, 16.2% of
respondents preferred treating the disease withmedication (range 2.8%
in Chinato 31.2% in South Africa), and 53.2% believe that the vaccines
can protect people from Long COVID (range 28.3% in Russia to 79.7%
in India), but one-quarter (25.2%) of respondents indicated that they
are now less likely to get vaccinated due to perceived lesser disease
severity (range 4.2% in China to 43.1% in South Korea) (Extended Data
Fig.1and Extended Data Tables 3-7).

Discussion

In the light of continued surges of COVID-19, policymakers around
the world must decisively address vaccine hesitancy and resistance
as acomponent of their overall prevention and mitigation strategy.
This study provides international COVID-19 vaccine acceptance data
over 3 years and found that acceptance of a COVID-19 vaccinationin
23 countries was 79.1%in 2022, an increase from 75.2% in 2021 (ref. 6).
However, in our survey, 12% of those already vaccinated were hesitant
or reported refusal to receive abooster dose.

Among social and demographic determinants, our findings indi-
cate that booster hesitancy is higher at younger ages” >, unlike some
previous studies that reported greater booster hesitancy among older
persons’’. Our findings of greater hesitancy among those with lower
educational attainment® and lower income" are consistent with the
literature and unchanged from our previous reports>°. Similarly, our
booster coverage ranges align with the existing literature—for example,
from 7% in China* to more than 40% in Jordan®?, Malaysia®® and the
United States®. These rates were included in country-specific reports
using different datasources, methodologies and chronology, whereas
oursarereported on 23 countries simultaneously using astandardized
method of data collection and analysis.

Our findings also corroborate previous literature showing greater
hesitancy among those reporting concerns about vaccine safety and
efficacy, low trustin government®"** and the perception that COVID-19
is a low risk®. Despite overwhelming evidence supporting the safety
and efficacy of COVID-19 vaccines™, these concerns persist for vaccine
boosters**, which may present a serious challenge to anticipated
routine COVID-19 immunization programs. The lowest vaccination
rates identified in our results are also bimodal; they exist outside of
low- and middle-income countries (LMICs) and, therefore, cannot be
explained by lack of access alone. Public health strategies to enhance
coverage will need to differ, sometimes radically, in different settings.

Parental hesitancy to vaccinate children younger than 18 years
remained high in many high-income countries, including France, Ger-
many, Sweden, the United Kingdom, the United States and South Korea,
aswellassome LMICs, suchas Kenyaand Nigeria. Key variables were low
perception of vaccine safety***’ and younger parental age, which might
represent potentially less-experienced parenting*®*, as well as parents
who themselves had not been vaccinated™. Interventions to improve
parental intention to vaccinate their children include counseling or
motivational interviewing by pediatricians or other healthcare provid-
ers,as well as narrative framing that presents the statistics on safety of
these vaccines for the millions of children already vaccinated®. Further
efforts to make the vaccine more accessible to children in LMICs will
alsoberequired.

Our findings also report on receipt of therapeutics for COVID-19
globally and compare respondent preference for medicinal treatment
versus prevention with vaccines. Our respondents reported the use of

ivermectin asfrequently as the use of approved medications and prod-
ucts, despite the fact thativermectinis not recommended by the World
Health Organization (WHO) and other leading agencies to prevent or
treat COVID-19 (ref. 42). Respondents who reported ivermectin use
tended to reside in LMICs*. Further efforts will be required to discour-
age the use of ivermectin and other pharmaceuticals with no proven
efficacy and potential toxicity.

To varying degrees, most respondents in our study support the
use of mandates to contain COVID-19 inindoor spaces, the workplace,
schoolsand universities and during international travel, although this
supportdeclined fromthe previous year®. Although vaccine mandates
have shown effectiveness inimproving coverage in some regions—for
example, the United States** and Europe***—their future use, particu-
larly among populations with high rates of vaccination, will require a
careful balance between the need for community protection and the
need to maintain public support and voluntary compliance. Com-
municating the rationale for instituting or reinstituting mandates for
vaccination along with promoting vaccine literacy relative to preven-
tive behaviors, such as face-masking and physical distancing, must
improve, including the clarification of criteria for their relaxation or
cessation.

Itiswell established and intuitively logical that frequent exposure
to misinformation increases vaccine hesitancy®*. Misrepresentation
of COVID-19 vaccines on social media most commonly includes mis-
information about the medical/health benefits, false content about
vaccine development and conspiracy theories*s. Those living in less
developed countries may be more susceptible to misinformation®,
yet, to date, research investigating online COVID-19 misinformation
hasbeen conducted primarily in high-income countries*®*°, highlight-
ing the need for similar researchin LMICs, particularly those with high
vaccine hesitancy and improved orimproving access to vaccines*’, to
increase uptake.

Intentional or not, misrepresentation and misinformation can
derail progress in COVID-19 vaccination coverage, particularly if audi-
ences choose not to seek COVID-19 information from official sources,
such as WHO, the US Centers for Disease Control and Prevention or
medical professional associations. These high-credibility sources of
information face the additional challenges of pandemic fatigue*'—or
distress that may demotivate one to follow recommended protective
behaviors—and, among some communities, low trust toward such
institutions®”***!, The characteristics of people who currently pay
less attention to COVID-19 vaccine information than1year ago vary by
country, highlighting the importance of tailored health communica-
tion techniques (Extended Data Table 3). As the pandemic continues,
as new variants emerge and as public compliance with public health
and social measures wanes, it is clear that those responsible for public
health programs will need to develop more effective, personalized and
sophisticated strategies to regain public attention and rebuild trust*?.
Such programs must also be designed toinclude monitoringand, where
appropriate, to address misinformation, as well as to develop and test
other novel, effective communication methods. Current efforts to
fact-check online COVID-19 information have not kept pace with the
ability of misinformation to reduce vaccine acceptance®.

Our findings may offer insight to policymakers and public health
officials regarding message content and targeting. Strategies to
improve vaccineliteracy could include messages that emphasize com-
passion over fear”, message framing based on audience demograph-
ics and psychographics® as well as the use of trusted messengers®,
particularly healthcare providers®, and various types of incentives®®.
Frequency, content and channels of dissemination are key factors
in message transmission and receipt. Public health communicators
should regularly test messages and the source (messenger) for opti-
malreach and uptake® and integrate vaccine literacy strategies using
qualitative formative research, such as focus groups among target
audiences®, to assess content on current (for example, first-dose and
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booster vaccination) and emerging (for example, mitigation of Long
COVID) issues®".

Our study has several limitations. First, our questionnaire asked
about a general COVID-19 vaccine, whereas several COVID-19 vac-
cines, each with different efficacy results, are now being distributed
globally. Next, although this study used state-of-the-art sampling
methodology that aimed to achieve population representativeness,
these samples may not adequately represent the most vulnerable
segments of populations, including those with limited access to online
technology, as they would be less likely to participate in research of
this type. Additionally, we note that definitions for vaccine hesitancy
dovaryintheliterature. We chose to categorize our dataaccording to
the 2014 Strategic Advisory Group of Experts on Immunization (SAGE)
definition® rather than using the SAGE-endorsed Behavioral and Social
Drivers (BeSD)* framing, which does not recognize the critical role
of politics and/or political allegiance and orchestrated anti-vaccine
networks/disrupters, allof which are critical issues influencing vaccine
uptake during the COVID-19 pandemic. Additionally, although the
BeSD framing acknowledges respect ‘from’ HCWs, it does not focus on
theimportance of mutual respect, despite theincreasesin aggression
toward HCWs and scientists. The earlier WHO SAGE working group on
vaccine hesitancy defines vaccine hesitancy as ‘the delay inacceptance
or refusal of vaccination despite availability of vaccination services’,
which we thought could be captured in our dataset and compared to
prior years (as described in the Methods) in away that the full model of
BeSD could not. Although the choice to use the 2014 SAGE definition
is a limitation in that it does not fully reflect the most contemporary
literature at the time of publication, we note that it still permits com-
parative analysis of factors included in both models, such as com-
placency, convenience and confidence factors. Finally, this study
was based on cross-sectional data; thus, study results cannot be
interpreted causally.

The most promising finding of the 2022 global survey is that
COVID-19 vaccine acceptance has continued to rise in most coun-
tries studied, reaching 79.1% overall. However, the wide variabil-
ity of acceptance rates that we report could jeopardize efforts to
control the pandemic. Our findings also show that, although most
respondents accept booster shots and childhood vaccination, some
unvaccinated individuals remain intractably opposed to immuniz-
ing themselves and their children. Decisionmakers, practitioners,
advocates and researchers must collaborate more effectively to
address these lingering disparities and pockets of resistance with
novel, tailored, evidence-based policies and programs. To reverse
trends of complacency and end the COVID-19 pandemic as a global
public healththreat, pandemic responses must include efforts to build
trust and change the behaviors of unvaccinated, undervaccinated and
indifferent people.

Online content

Any methods, additional references, Nature Portfolio reporting sum-
maries, source data, extended data, supplementary information,
acknowledgements, peer review information; details of author con-
tributions and competing interests; and statements of data and code
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Methods

Study design and data collection

This cross-sectional study used random stratified sampling, with strata
established for age, gender, statistical regions and country-specific
levels of education® %", Aminimum of 50 participants was set for each
stratum, with target enrollment calculated to reflect the distribution
of each subgroup in the general population®®°, Consensus Strategies
recruited participants frominternational online panel providers using
multiple panels to reduce coverage bias. Details on variable coding
and weighting for strata and participant recruitment methods are
described elsewhere*®. Survey data were collected between 29 June
and 10 July 2022 from 23,000 respondents aged >18 years from 23
countries: Brazil, Canada, China, Ecuador, France, Germany, Ghana,
India, Italy, Kenya, Mexico, Nigeria, Peru, Poland, Russia, Singapore,
South Africa, South Korea, Spain, Sweden, Turkey, the United Kingdom
and the United States. These countries were selected based onacom-
bination of their impact on morbidity and mortality in 2020 and the
desire to achieve strong regional representation®. This study was
approved and the survey administered by Emerson College (institu-
tional review board protocol no. 20-023-F-E-6/12-[R1], updated on
12 April 2021). No personally identifiable information was collected
or stored. Informed consent was obtained on the information page
before participants proceeded to the survey.

Survey instrument

The instrument was developed by an expert panel after a compre-
hensive literature review of COVID-19 vaccine hesitancy literature, as
describedin other studies®*’*”", The 30-question instrument (Supple-
mentary Information 1) included questions regarding: (1) perceptions
of risk, efficacy, safety and trust; (2) identification of vaccine accept-
ance or hesitancy, defined according to the WHO SAGE description®,
which continues to evolve®>”>7, and coded based on Likert responses
to questions regarding receipt of at least one dose of a COVID-19 vac-
cine or willingness to take a vaccine whenitbecame available. Vaccine
hesitancy was coded both for individual respondents and separately
forrespondents with children under 18 years of age; (3) booster accept-
ance and hesitancy-defining questions included receipt of at least
one booster dose or willingness to take a booster when it becomes
available, withbooster hesitancy coded in the same way as vaccine hesi-
tancy; (4) medication use when sick with COVID-19 within the past year;
(5) support for COVID-19 vaccine mandates required (a) by employers
and (b) by the government, for (c) university students, (d) for school
children, (e) for attending indoor activities, such as programsin audi-
toriums, concerts or sports events, and (f) for international travel;
(6) level of attention paid to new information about (a) COVID-19 vac-
cines compared to 1 year ago; (b) preference for illness prevention
through vaccination versus treatment with medications after infec-
tion; (c) belief about vaccination protection against Long COVID; and
(d) likelihood of vaccination in light of currently perceived disease
severity; (7) COVID-19 experience (whether oneself or afamily member
becameill with COVID-19 within the past year or more than1year ago);
and (8) demographic variables (that s, age, gender, education, income
and HCW status).

Statistical analysis

Descriptive statistics were used to report vaccine hesitancy, booster
hesitancy and hesitancy among parents regarding vaccination of
their children, by country and across the 23-country sample, includ-
ing the rate of change from 2020-2022. Socio-demographic factors
associated with hesitancy were examined through weighted mul-
tivariable logistic regressions and reported as ORs and associated
95% Cls. Associations between beliefs in a vaccine’s ability to prevent
COVID-19, vaccine safety and trust in vaccine science with vaccine
acceptance were examined using weighted univariate logistic regres-
sions. We report descriptive statistics and the rate of change from

2021-2022 regarding requirements for proof of vaccination to travel
internationally or to attend work, school or indoor events. Finally,
we report descriptive statistics on medication used when sick with
COVID-19 within the past year, attention to new information about
COVID-19 vaccines compared to 1year ago, preference for illness
prevention (vaccination versus medication treatment), belief about
vaccination as protection against Long COVID and likelihood of vac-
cination considering current perceived disease severity. All analyses
were conducted in SAS version 9.4 software, and significance was
setato=0.05.

Ethics and inclusion statement

Data for this study, including from LMICs, were collected via online
panels by aninternational polling agency, Consensus Strategies. One
colleague (A.K.) isfroman LMIC, and three others (A.E.-M., C.A.P.and
K.W.) are originally from LMICs and are now based in high-income coun-
tries. We fully endorse the Nature Portfolio journals’ guidance on LMIC
authorship andinclusion. As this was the third annual iteration of this
work, authorship was based, in part, on prior participation. However,
we are strongly committed to the inclusion of more researchers from
LMICs in futureiterations.

Thisresearchislocally relevant to all studied countries given that
itdisaggregates findings by country and, thus, provides local decision-
makers with socio-demographic data relative to several outcomes of
interest, such as vaccine or booster hesitancy. The authors chose to
focus onthese variables based onthe previousiterations of this study,
which have been widely cited by researchersin LMICs, and evidence on
COVID-19 vaccine hesitancy.

As our methodology employed online data collection panels for
each country and was approved by Emerson College, additional local
review was not required. This research was not restricted and origi-
nated in three of the countries (Spain, United States and the United
Kingdom) that are current settings for the researchers. The data col-
lection and analysis techniques employed raised no risks pertain-
ing to stigmatization, incrimination, discrimination, animal welfare,
the environment, health, safety, security or other personal risks.
No biological materials, cultural artifacts or associated traditional
knowledge has been transferred out of any country. In preparing the
manuscript, the authors reviewed relevant studies from each of the
23 countries.

Reporting summary
Furtherinformation onresearch designisavailableinthe Nature Port-
folio 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/zenodo.6875363. All authors had access to
the raw data.

Code availability

All code for data analysis associated with the manuscript is available
fordownload at https://doi.org/10.5281/zenod0.6875363. Any updates
will also be published on Zenodo, and the final DOl will be cited in the
manuscript.
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Panel a. Attention to new information about COVID-19 vaccines compared to a year ago

Global average 315

United States 30.6
United Kingdom 18
Turkey 39.1 9.6 513
Sweden
Spain 35.2
Singapore
South Korea
South Africa 357 375
Russia

Poland

10.6 32,5

14.8 30.4

Peru 50
Nigeria

Mexico 46.1 28 259

Kenya 19.8

Italy 23 446 324

India 77 15.5 7

Ghana 40.9

Germany 37.9 36.2

France 423

Ecuador 15.6 443

China

40.1

Canada 19

Brazil 45.1 387 16.2

Pay more attention than a year ago
About the same amount of attention as a year ago

Pay less attention than a year ago

Panel b. Current COVID-19 iliness prevention (via vaccination) or treatment preference.

Global average 66.6 16.2 10.8 6.4
United States 65.3 133 ik 7.9
United Kingdom 67.6 11.2 14 7.2
Turkey 63.2 19.9 128 4.1
Sweden 62.7 159 12 9.4
Spain 726 13.8 81 55
Singapore 703 15.6 103739
South Korea 56.2 26.6 124 48
South Africa 40 31.2 222 6.6
Russia 51.4 23.8 fIBIS 113
Poland 52.7 256 127 9.1
Peru 83.1 59 187 23
Nigeria 729 217 5103
Mexico 68.6 15.9 12.4 3.1
Kenya 732 14.4 7 54
Italy 66.5 20.8 6.8 59
India 70.1 12 3.5 143
Ghana 57.2 16.6 17.8 8.4
Germany 63.1 16.8 12.8 73
France 55.9 16.3 17.7 10.2
Ecuador 74.1 127 8151
China 91.4 28 1543
Canada 70.5 102 13 6.4
Brazil 83.4 97 3 4

Prefer to prevent illness by getting vaccinated
Prefer to treat the disease with medication (like a pill) if got sick
Prefer to not take a vaccine or a medication and treat illness at home (sleep, fluids, Tylenol, etc.)

Don’t know

Panel c. Likelihood of not to vaccinate considering current perceived lesser disease severity.

Global average 25.2 56.3 185
United States 231 63.2 137
United Kingdom 17.7 68.2 14.1
Turkey 26.9 47.9 253
Sweden 214 61.8 16.9
Spain 17.8 64.3 17.9
Singapore 232 59.6 17.2
South Korea 431 438 13.1
South Africa 37 42.1 209
Russia 37.8 406 216
Poland 30.7 39 30.2
Peru 19.5 62.7 17.8
Nigeria 19.1 64 16.9
Mexico 17.6 633 19.1
Kenya 20.2 52.9 26.9
Italy 26.8 53.9 19.4
India 39.8 50 10.1
Ghana 342 341 318
Germany 22.7 61.5 15.8
France 28.2 48.6 23.1
Ecuador 32 47.4 206
China 4.2 89 6.8
Canada 20 64.7 153
Brazil 15.8 73.4 10.8
Yes mNo ' Unsure

Panel d. Belief that COVID-19 vaccine protects against Long-COVID.

Global average 53.2 20.1 26.7
United States 483 211 306
United Kingdom 41 245 34.6
Turkey 54.4 189 26.7
Sweden 436 239 326
Spain 52.6 17.8 29.6
Singapore 521 15.8 321
South Korea 447 35 204
South Africa 339 313 34.8
Russia 283 214 50.3
Poland 48.9 26.3 24.7
Peru 703 143 155
Nigeria 63.2 12.2 24.7
Mexico 58.9 21 20.2
Kenya 60.5 14.8 24.6
Italy 403 25.2 345
India 79.7 129 74
Ghana 46.5 129 40.6
Germany 42.9 324 24.7
France 516 226 25
Ecuador 728 7.7 196
China 726 153 121
Canada 47.8 22 30.2
Brazil 67.8 13.8 184
Yes
No
Unsure

Extended Data Fig. 1| Attention to new information about COVID-19
vaccines, current COVID-19 treatment preference, beliefs about vaccination
for current disease severity and protection against long COVID by country
and the global average. Panel a survey question was ‘I continue to pay attention
to new information about COVID-19 vaccines. Panel b survey question was
‘Thinking about treatments for the disease COVID-19, would you prefer to take a

vaccine to prevent seriousillness, only take medication once you are sick, or not
take any medications at all?’ Panel c survey question was ‘l am less likely to take
the COVID-19 vaccine because I believe the disease is not as severe as before.
Panel d survey question was ‘Long-COVID has been defined as ‘symptoms that can
last for weeks or months after recovery from acuteillness’. 1 believe the COVID-19
vaccine protects against Long-COVID'.
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Extended Data Table 1| Sample characteristics by country (n=23) and the global average

T 8§ & 5 8 z § & zZ g8 & 2 2T o2 o8 3 ¢ S S5 3 OEOBOG
© ? = ° c © S T Jij c = B ) S a = = o © g ~ o = ©
= < © © c = x a =2 & ] Q Q = el 1] e
o S © S O E & = N 9 o0 <) g2 < ¥ T w g E] [ o
S o o« 5 O s =z o = e ) 2k c >
w < < c ) < © ©
Country (G} = = & 5 -
g 3 3 £ £
L S5 =
c (V]
o)
% % % % % % % % % % % % % % % % % % % % % % % %
Age Groups
18-29 19.0 16.5 16.5 235 17.1 14.1 37.0 242 18.5 37.9 235 45.3 233 16.0 15.8 25.0 18.4 20.7 15.5 15.7 221 16.6 17.1 21.7
30-39 203 17.7 224 221 15.7 15.3 235 21.2 20.0 20.7 221 241 215 17.3 17.7 234 213 20.7 17.4 16.3 20.6 17.2 15.8 19.8
40-49 19.0 16.5 235 221 17.1 16.5 17.0 21.2 20.0 18.9 20.6 9.4 20.6 18.5 19.0 203 19.9 220 18.6 17.6 20.6 17.8 17.1 189
50-59 241 16.5 16.5 14.7 183 17.6 121 16.7 16.9 13.8 16.2 11.9 16.5 17.3 18.7 17.2 18.4 17.1 17.4 15.7 17.6 16.6 18.4 16.8
60+ 17.7 329 21.2 17.6 31.8 36.5 10.4 16.7 246 8.8 17.6 9.2 18.0 30.9 28.8 14.1 220 19.5 311 347 19.1 31.8 31.6 229
Gender
Man 48.9 49.5 51.4 49.6 49.0 49.1 50.6 50.4 48.8 49.0 49.8 51.7 49.6 48.2 46.4 49.1 50.0 49.2 49.1 49.8 49.3 493 48.7 49.4
Woman 50.7 50.3 48.5 49.6 50.5 50.5 49.2 48.0 51.1 50.7 50.0 48.3 50.2 51.7 53.3 50.8 49.8 50.5 50.9 49.8 50.5 50.4 50.8 50.3
Prefer not to 04 02 01 08 05 04 02 16 01 03 02 0 02 01 03 01 02 03 0 04 02 03 05 03
say/ Other
Education (university degree)
No 82.5 73.7 87.9 88.0 82.1 75.0 85.2 90.9 85.7 97.1 84.0 90.5 90.5 749 45.0 92.5 45.0 67.9 67.0 75.7 79.0 65.5 64.3 77.8
Yes 17.5 26.3 121 12.0 17.9 25.0 14.8 9.1 14.3 29 16.0 9.5 9.5 25.1 55.0 7.5 55.0 321 33.0 243 21.0 345 35.7 22.2
Income (country median)
Above Median 45.6 39.1 720 414 38.6 30.6 52.3 76.6 353 303 44.0 234 379 45.9 36.4 67.8 56.9 44.6 41.8 25.4 753 43.4 43.8 45.6
Below Median 44.7 54.7 25.7 34.0 54.0 62.8 29.7 20.0 51.6 25.9 46.0 54.8 39.6 50.3 59.9 19.8 339 45.4 53.6 67.8 223 50.6 46.7 43.2
Refused 9.7 6.2 2.2 247 7.3 6.6 18.1 34 13.0 43.7 10.0 21.8 22,6 3.8 3.7 12.4 9.2 10 4.5 6.8 24 6.0 9.5 11.2
Health care worker
Yes 6.9 9.5 4.0 6.5 11.5 11.8 11.7 28.5 8.5 19.1 6.8 53 8.2 5.6 5.0 13.9 11.2 14.6 8.0 15.2 9.6 9.1 16.8 10.8
No 93.1 90.5 96.0 935 88.5 88.2 88.3 71.5 91.5 80.9 93.2 94.7 918 944 950 86.1 88.8 85.4 92.0 84.8 904 909 83.2 89.2

Gender category ‘Prefer not to say’ and ‘Other’ are combined.
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Extended Data Table 2 | COVID-19 vaccine and booster acceptance and hesitancy among HCWs in 2021 and 2022

Vaccine Booster among vaccinated
28 N §2 X g ¥ T 28 &= 38 5
o> o c8 o c Q S o o> cg ¢ c
TS5 N s S S IS N8 0N T3 =2 8 8
[T © o @ v O © o ‘@
Q [}
5¢§ £ 5§ § § & S 58ef g ¢
Q Q
i) = g = © = 9] b @ g © =
© 3 = g o g = 3 © = o g
Q IS = IS k= IS S IS 9 = g 3
b3 2 2 S & & 2 g 3 o
S (@] @ (@] > (@] o) LS
> 3]
n % % % % % % % % p-value aOR (95%Cl) % % % p-value aOR(95%Cl)
Not HCW 19648 887 +36.7 17  -293 904 +74 9.6 -7.4 403 473 876 124
All HCW 3352 945 +221 09  -185 954 +3.6 46 -35 <001  0.64(53,.78) 199 704 903 97 <001  0.79(.71,.88)
Physician 933  97.9° +123 03 -109 98.2° +1.3 18 -13 <001 136° 837° 9732 270 <001
Nurse 667  93.6° +19.1  1.0° -181 94.6b +1.1 54b -1.1 1976 704> 90.1b  9.9°
Community 817  951° +255 12° -21.3 963 +4.1 37° -4.1 17.6b  71.9° 89.56  10.4
health worker
Otherhealth o309 4c 4208 110 -234 925 +64 7.5 -64 29.0° 547° 835 16.3¢

care worker

Different superscripts denote statistically significant pairwise differences. aORs, 95% Cls and P values (two-sided) are from multivariable logistic model (outcome: vaccine hesitancy or booster
hesitancy) after adjusting for demographic variables, COVID- 19 experience and clustering of HCWs in countries.
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Extended Data Table 3 | Characteristics of respondents who reported paying less attention to new information about
COVID-19 vaccines

" 8 &£ 5 % z g2 £ %2 £ g8 & 2z T &S OB L S S T OE OB OGS
T & £ =T c © s 2 8 z g S o] S a 2 2 5] s L O 5] P o
c © © < = = O a — S “— o o =3 = T ] =
o (@] 5 I € (] a0 [+) P = © ) S a0 & ]
o C = (G < s I o 2 = n 2
O 8 ] z < < @ & £ - 3
Country ] = = s > o =
8 8 T £ =8
L S5 0
c O
)
% % % % % % % % % % % % % % % % % % % % % % % %
Age Groups
18-29 284 472 12.3 42 63.5 60 41.2 14.7 515 50.7 373 64.7 315 74.4 53.2 371 615 452 53.6 622 749 59.1 36.1 479
30-39 17.4 503 324 392 476 443 599 125 312 534 235 60.6 324 693 52 424  59.7 31 474 634 543 39.6 31.8 433
40-49 139 483 11.2 243 426 389 531 2.8 359 458 17 743 29.2 61.7 556 314 69.2 38 506 49.1 482 421 23 39.4
50-59 13.2 41.4 6.5 36.4 38 35.7 13.8 2.7 21.2 247 212 23 30.7 498 67.7 36.2 55.7 40.7 406 426 541 427 30 334
60+ 8.3 335 8.5 85.2 30.8 22.7 7.9 13 238 29 283 50.3 235 354 557 402 427 184 336 36.2 215 325 26.8 29.1
Gender
Man 69.2 66.5 92.5 38.9 48.2 66.8 247 395 56.6 56.3 59.1 57.5 60.5 41.6 43.8 44.1 48 58.5 66.5 60.4 44.4 69.6 61.9 55.4
Woman 77.2 62.9 85.2 56.2 49.3 56.4 43.6 60.9 51.2 49.9 67.3 711 64.9 36.7 378 40 393 60.7 62.1 62.9 51.4 66.7 64.6 57.3
Prefer not to ) _ _ ~ ~ ~ ~ ~ ~ ~ _ ” B B B B ” B B B - B B B
say/ Other
Education (university degree)
No 15.3 44 144 46.7 42 363 428 6.1 326 427 262 57.7 298 527 535 388 529 31 448 46.7 493 43.2 27.7 38.1
Yes 20.2 38 17.8 26.5 44 36.1 29.8 215 30.9 36.6 244 644 287 613 59.7 206 61.2 423 408 52.1 587 385 316 385

Income (country median)
Above Median 11.9
Below Median 18.1 43 9.7
Refused 275 384  66.7 30

423 15 473 405 36.8 49.6 6.7 308 476 257 521 332 589 564 385 568 297 393 543 509 398 264 387

50.9 43 36.4 36.6 9.1 317 413 231 677 251 512 584 363 574 403 475 465 483 428 33 39.0
47.4 312 226 14.2 39.2 39.8 395 414 318 533 368 336 616 316 344 392 911 44 221 39.9

Statistics reflect percent of respondents within each demographic stratum who indicated that they pay less attention to new information about COVID-19 vaccines compared to 1year ago.
Statistics were not computed for Gender = ‘Prefer not to say/Other’ due to small sample sizes.
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Extended Data Table 4 | Current preference for COVID-19 prevention (via vaccination) by demographic variables

¥ § £ 5 8§ z £ & Z 2 8 £ 2 T 2 oS B3 oL OSEOS FOE & %
s £ ¥ g & = g £ & % @ & & 4 E 5 & & v ¥ 8§ § ©
I~ S O 5 o E & = N [9) o0 <] 2 < M & n Q E] W A 9]
8 g = 3 © z =z S £ < @ 2 - £ 2 =z
Country o =] ] s < o =
g 3 3 £ 3
L S5 o°
c (U]
p=]
% % % % % % % % % % % % % % % % % % % % % % % %
Age Groups
18-29 28.4 47.2 12.3 42 63.5 60 41.2 14.7 51.5 50.7 373 64.7 315 74.4 53.2 371 61.5 45.2 53.6 62.2 74.9 59.1 36.1 47.9
30-39 17.4 50.3 324 39.2 47.6 443 59.9 12.5 31.2 53.4 235 60.6 324 69.3 52 424 59.7 31 47.4 63.4 54.3 39.6 31.8 433
40-49 139 483 11.2 243 426 389 531 28 359 458 17 743  29.2 61.7 55.6 314 69.2 38 50.6 49.1 482 421 23 394
50-59 132 414 65 364 38 35.7 13.8 27 21.2 24.7 21.2 23 30.7 498 677 36.2 55.7 40.7 406 426 541 427 30 334
60+ 83 335 85 85.2 308 227 7.9 13 238 29 28.3 50.3 235 354 557 402 427 184 336 36.2 215 325 268 29.1
Gender
Man 69.2 66.5 925 389 482 66.8 247 395 56.6 56.3 59.1 575 605 416 438 441 48 58.5 66.5 604 444 696 619 55.4
Woman 77.2 629 852 56.2 493 564 436 609 51.2 499 673 711 649 36.7 378 40 393 607 621 62.9 514 667 646 573
Prefer not to - - - - - - - - - - - - - - - - - - - - - - - -
say/ Other
Education (university degree)
No 153 44 144 467 42 36.3 428 6.1 326 427 262 57.7 298 527 53.5 38.8 529 31 448 46.7 493 432 27.7 381
Yes 20.2 38 17.8 265 44 36.1 29.8 215 309 366 244 644 287 613 59.7 20.6 612 423 40.8 521 58.7 385 316 385

Income (country median)

Above Median 119 423 15 47.3 405 36.8 496 6.7 30.8 476 257 521 332 58.9 56.4 385 56.8 29.7 393 54.3 50.9 39.8 26.4 387
Below Median 181 43 9.7 509 43 364 366 9.1 31.7 413 231 67.7 25.1 51.2 584 363 57.4 403 475 465 483 428 33 39.0
Refused 27.5 384 667 30 474 312 22.6 142 39.2 398 395 414 318 533 36.8 336 616 316 344 392 91.1 44 221 399

Statistics reflect percent of respondents within each demographic stratum who indicated their preference for vaccination (versus medication, self-treatment of illness at home with sleep,
fluids, Tylenol, etc. or don't know). Statistics were not computed for Gender = ‘Prefer not to say/Other’ due to small sample sizes.
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Extended Data Table 5 | Likelihood of not vaccinating considering current perceived lesser disease severity by
demographic variables

5 8 & s % z g &£ =z & g & 2 B 2 8 ¢ ¢ £ § g E § &
= £ ¥ g 8 = g £ & % @ & & 4 E 5 &8 & v ¥ 8§ £ ©
s £ & § g £ § £ g 2 £ ° 2 T 2 g 4 £ 5 ® 3 ¢
3 o w 5 © > =z a - a0 H ~ c >
w ] < < c () < o ©
Country 5 = & Qo =
g 3 3 £ 3
L S5 o°
c (L]
)
% % % % % % % % % % % % % % % % % % % % % % % %
Age Groups
18-29 8.8 30.1 8.3 32,6 41.4 29.9 35.5 215 26.9 28.3 12.7 0 25.8 50.4 33.7 29.8 51.8 29 26.3 36.3 19 345 28.6 27.9
30-39 19.4 275 1 26.6 36.4 353 61.7 43.2 28.2 25.5 16.3 329 18 384 49.1 41.8 53.2 33 29.4 27 24 27.6 321 31.6
40-49 15.2 246 2.6 10.6 35.7 26.1 19.8 33.2 38.8 6.7 7 348 17.5 28 39.1 35.7 49.9 26.8 15.7 315 14.9 189 30.9 245
50-59 19.5 18.6 7 10.3 24.2 13.8 14.7 40.2 2211 20.2 26.8 14.8 21.2 26.9 35 47.3 36.3 15.5 15 14.8 30.7 13.8 213 22.2
60+ 15.1 9.4 4.1 83.3 15.5 17.5 13.2 70.2 18.9 1.6 30 66.9 141 20 34.1 30.9 25.7 9.5 10 9.9 48.4 4.8 123 24.6
Gender
Man 51.8 19.5 57.7 37.7 18.6 31 42.4 83.9 225 30.1 48.5 26.4 51 17.6 10.5 293 216 427 24.8 16.9 27.9 203 344 334
Woman 38.8 18.5 49.3 43.1 13.2 21.2 41.8 69 235 45 43.9 13.9 49.2 121 10.7 246 11.9 332 18 10.5 50.2 15.7 27.3 29.8
Prefer not to B B B B B B B B B B B - B B B B - B B B - B B B
say/ Other
Education (university degree)
No 16.3 214 4.2 337 27.7 245 36.5 384 27.4 19.5 17.8 14.6 19.4 30.5 41 37.6 434 234 17 19.7 26.7 18.5 232 253
Yes 135 16.2 4.4 19.9 30.9 17.5 20.5 54.2 231 43.4 16.6 62.2 20.2 316 35.2 294 429 229 19.4 26.5 27.6 16 22.8 26.8

Income (country median)
Above Median 12 21.9 26 34 27.8 228 334 465 27.6 22.2 186 373 194 316 401 36.6 453 324 18.2 321 232 208 287 27.6

Below Median 205 167 9.1 299 295 227 259 196 278 338 107 6.2 171 306 354 395 432 19 175 188 419 156 193 239
Refused 128 374 13 317 213 229 497 8 20.5 108 452 321 241 223 551 348 298 18 18.8 6.8 0.5 124 159 224

Statistics reflect percent of respondents within each demographic stratum who indicated they are less likely to take the COVID-19 vaccine because they believe the disease is not as severe as
before. Statistics were not computed for Gender = ‘Prefer not to say/Other’ due to small sample sizes.

Nature Medicine


http://www.nature.com/naturemedicine

Article https://doi.org/10.1038/s41591-022-02185-4

Extended Data Table 6 | Belief that COVID- 19 vaccine protects against Long COVID by demographic variables

F 8§ &8 5 8 z g & 2 2 8 & 2 2T &8 § L S § % E & B
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) S (o] 3 o £ < = 2 [9) 20 o) 2 < ~z @ n g S w5 9]
3 o w 5 9 > =z a - = a0 H ~ c >
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Country (U] = = s J3 =
g 3 3 £ 3
L S5 =°
c O
)
% % % % % % % % % % % % % % % % % % % % % % % %
Age Groups
18-29 72.5 46.9 83.1 69.1 47.5 47.8 39.3 345 41.4 52.8 60.1 86.8 66.3 37 30.3 32 42.4 60.4 59.5 40.7 50.2 435 49.2 51.9
30-39 75.8 44.9 78 55.7 43.6 43.6 41.4 88.9 36 66.5 59.5 56 72.5 37.6 243 328 44.7 61.5 44.4 44.4 52.3 43.6 49.3 52.1
40-49 63.9 51.7 73.3 83.6 50.6 41 48.6 99.1 42.9 86.9 76.3 0.1 78.3 54.8 28.9 44.5 42 35.8 50 36.1 54.4 37.8 52.4 53.6
50-59 63.8 52 63 61.8 49.6 34.2 65.4 91.2 37.1 51.3 47.4 51.8 66.7 47.1 229 27.7 43.6 49.3 51.8 39.2 54 337 46.1 50.0
60+ 63.2 45.8 65.4 94.7 59.4 45.8 57.7 97.6 43.2 374 46.5 45 66.7 59 32.7 315 49.9 54.1 55.6 50.1 61.9 437 46.3 54.5
Gender
Man 71 48.1 771 69.7 54.6 49.8 433 89.3 44.2 56.4 57.3 54.3 64.4 53.7 326 35.1 51 58.3 55.6 474 466 463 52.3 54.7
Woman 48.8 0 100 10.4 221 41.6 39.9 81.5 0 0 100 0 100 0 19.9 100 0 16.3 0 80.6 0 72.8 0 59.6
Prefer not to B B B B B B B B B B B - B B B B - B B B - B B B
say/ Other
Education (university degree)
No 67.3 46.4 75.3 74 50.7 413 47 79.8 393 61 58.6 67.4 70.5 46.8 282 31.8 453 53.1 49.8 41.9 54.7 36.4 43 52.6
Yes 70.1 51.9 53.2 64 55.7 47.6 433 78.7 468 45.1 60.2 232 68.9 55.5 28.4 59.7 442 49.9 58.2 48.5 53.2 49.6 57.8 52.8

Income (country median)
Above Median 69 59.8 73.1 66.1 60.4 542 375 78.1 51 69.4 579 43 76 51.5 328 353

Below Median 70 41.8 73 77.2 46 40.1 634 947 382 335 656 693 677 478 26 352 388
Refused 521 259 526 779 461 168 445 279 199 705 319 694 651 333 201 239 276 382

509 59.8 57.7 547 595 485 595 56.8
476 488 398 414 355 424 515
49.8 39 158 332 251 394

Statistics reflect percent of respondents within each demographic stratum who indicated that they believe that COVID- 19 vaccine protects against Long COVID. Statistics were not computed

for Gender = ‘Prefer not to say/Other’ due to small sample sizes.
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Extended Data Table 7 | Correlates of COVID-19 vaccine hesitancy with beliefs in a vaccine’s ability to prevent COVID-19,
safety and trust in the vaccine science

COVID-19isa
dangerous health

COVID-19 can be
prevented by

The risks of COVID-19
disease are greater
than the risks of the

The COVID-19 vaccines
available to me are safe

| trust that my
government is able to
deliver the COVID-19
vaccine to everyone,

I trust the science behind
the COVID-19 vaccines.

threat. vaccination. vaccine everywhere in my
country, equally.
OR 95%Cl OR 95%Cl OR 95%Cl OR 95%Cl OR 95%Cl OR 95%Cl
Brazil 5.67 (3.03-10.61) 3.40 (2.41-4.79) 3.00 (2.27-3.96) 7.80 (4.39-13.85) 1.08 (0.75-1.55) 4.47 (2.86-6.98)
Canada 2.29 (1.82-2.88) 3.83 (2.61-5.64) 2.65 (2.09-3.38) 5.41 (3.59-8.17) 3.32 (2.51-4.4) 4.66 (3.13-6.93)
China 0.29 (0.02-5.3) 2.34 (1.54-3.57) 2.15 (1.5-3.07) 3.88 (2.49-6.06) 6.91 (2.55-18.69) 6.43 (4.26-9.69)
Ecuador 0.90 (0.36-2.22) 217 (0.88-5.36) 1.47 (0.88-2.46) 6.50 (3.57-11.82) 1.74 (0.74-4.11) 3.79 (1.64-8.78)
France 2.03 (1.65-2.5) 2.83 (2.31-3.46) 3.36 (2.77-4.08) 4.21 (3.34-5.31) 2.75 (2.25-3.35) 3.61 (2.95-4.42)
Germany 2.36 (1.91-2.92) 2.94 (2.36-3.66) 4.74 (3.66-6.13) 7.69 (5.56-10.64) 2.89 (2.33-3.59) 5.15 (3.98-6.64)
Ghana 1.44 (0.66-3.16) 1.32 (0.79-2.2) 1.70 (0.93-3.09) 2.96 (1.46-5.98) 2.71 (1.51-4.84) 4.75 (1.75-12.92)
India 1.86 (0.46-7.54) 5.91 (1.42-24.63) 0.88 (0.34-2.31) 6.68 (1.86-24.02) 1.81 (1.11-2.94) 4.09 (1.46-11.44)
Italy 2.48 (1.88-3.29) 4.00 (3.07-5.21) 3.33 (2.57-4.32) 5.64 (4.09-7.79) 2.82 (2.16-3.7) 5.42 (3.98-7.38)
Kenya 0.99 (0.53-1.86) 1.81 (0.86-3.82) 2.49 (1.31-4.72)  16.93 (4.65-61.6) 2.08 (1.28-3.39) 11.05 (3.69-33.11)
Mexico 2.57 (1.86-3.56) 3.98 (2.8-5.67) 2.42 (1.78-3.27) 6.63 (3.8-11.55) 2.43 (1.74-3.38) 4.82 (2.99-7.76)
Nigeria 2.73 (0.69-10.81) 1.06 (0.3-3.77) 1.97 (0.85-4.53)  11.66 (1.77-76.63) 1.24 (0.58-2.66) 1.55 (0.75-3.23)
Peru 4.00 (2.5-6.4) 4.87 (3.24-7.31) 3.32 (1.89-5.83) 5.59 (3.23-9.66) 3.51 (2.1-5.89) 5.51 (3.32-9.14)
Poland 2.96 (2.41-3.64) 3.84 (3.09-4.78) 3.68 (3.06-4.42) 4.70 (3.69-5.99) 1.73 (1.5-1.98) 4.22 (3.41-5.23)
Russia 1.79 (1.52-2.12) 3.05 (2.44-3.8) 2.42 (2-2.94) 3.93 (3.15-4.9) 2.08 (1.73-2.5) 2.84 (2.37-3.41)
South Africa 2.20 (1.73-2.81) 2.32 (1.88-2.87) 2.66 (2.18-3.23) 4.62 (3.37-6.35) 2.36 (1.92-2.91) 3.76 (2.91-4.87)
South Korea 1.98 (1.54-2.54) 2.71 (2.05-3.59) 2.85 (2.21-3.67) 3.51 (2.58-4.77) 2.36 (1.82-3.05) 3.45 (2.61-4.55)
Singapore 2.18 (1.06-4.48) 4.27 (2.72-6.7) 2.33 (1.33-4.11) 7.60 (3.4-16.98) 3.62 (2.11-6.21) 7.38 (3.72-14.62)
Spain 2.26 (1.77-2.88) 3.49 (2.74-4.45) 3.09 (2.39-4) 5.37 (3.66-7.88) 2.58 (2.07-3.23) 4.41 (3.11-6.25)
Sweden 1.71 (1.41-2.07) 3.88 (2.99-5.03) 2.86 (2.32-3.53) 4.10 (3.1-5.41) 2.60 (2.11-3.2) 3.50 (2.78-4.42)
Turkey 2.69 (1.29-5.63) 4.78 (2.8-8.13) 3.18 (1.89-5.34) 5.31 (2.85-9.91) 1.29 (0.89-1.88) 3.07 (1.87-5.06)
United Kingdom 1.67 (1.34-2.09) 294 (2.36-3.67) 331 (2.57-4.27) 6.02 (4.22-8.58) 2.90 (2.3-3.66) 5.81 (4.13-8.16)
United States 1.92 (1.66-2.23) 2.98 (2.56-3.46) 3.26 (2.7-3.9) 6.03 (4.63-7.85) 2.53 (2.17-2.96) 4.16 (3.47-4.98)
All countries combined 1.89 (1.73-2.08) 2.54 (2.27-2.84) 2.43 (2.21-2.68) 4.46 (4.02-4.94) 213 (1.94-2.34) 3.52 (3.12-3.98)

Unadjusted ORs and 95% Cls are from weighted univariable logistic regressions.
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Research sample 23,000 individuals representative of the general public in terms of gender, age, education level and region within country, aged 18 or
older, in Brazil, Canada, China, Ecuador, France, Germany, Ghana, India, Italy, Kenya, Mexico, Nigeria, Peru, Poland, Russia,
Singapore, South Africa, South Korea, Spain, Sweden, Turkey, the United Kingdom (UK) and the United States (US); selected to
understand factors associated with vaccine hesitancy in the general populations of these countries.

Sampling strategy Strata were established by age (using the following age groups: 18-24, 25-54, 55—64 and 65 years and older); self-reported gender
(man, woman, transgender, and “other,”); and level of education (based on each country’s educational system), which was calculated
from data provided by UNESCO, the Organisation for Economic Co-operation and Development, and country data from Sweden, the
United Kingdom, and the United States. Educational level was coded into three groups of low, medium and high. “Low” included
people who reported not finishing a secondary education (high school); “medium” included those who had completed secondary,
vocational, technical, professional associate or high school degree; the “high” group consisted of those who had completed a tertiary
or bachelor’s degree and postgraduate work. Each country was divided into regions based on city/town, province or state unit of
analysis. 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 CIA World Factbook. Data were weighted by strata
with each stratum requiring a minimum of 50 participants. Sample sizes were based on the minimum sample needed for the largest
country (China, 1.426 billion population in 2022) to be statistically reliable with a margin of error of 3.1 percentage points and a 95%
confidence level.

Data collection Online panels provided responses from 23,000 respondents aged >18 years from 23 countries (n=1,000 per country), comprised of
those countries included in the 2020 study (n=19), augmented by four additional countries with high disease incidence (Ghana,
Kenya, Peru, and Turkey) and representing regions not represented in the first of the three studies. 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 United Kingdom (UK) and the United States (US). Researchers were not present for data
collection, nor were they blinded to the study design or hypothesis.

Timing Survey data were collected between 29 June-10 July 2022.

Data exclusions Based on sampling strategy, if a stratum was full or if participants did not meet the minimum age requirement
Non-participation No participants dropped out/declined participation.

Randomization Stratified random sampling was employed. For each demographic stratum, a minimum of 50 responses were established as a

quorum. Beyond this minimum quorum, target probabilities were established for each stratum, working backward from 1000 total
responses for each country, to equal the country's characteristics, as described in the Sampling strategy above. Respondents were
then randomly selected within each stratum. For example, if 51% of a country's demography is female, 510 responses were reserved
for females.

Reporting for specific materials, systems and methods

We require information from authors about some types of materials, experimental systems and methods used in many studies. Here, indicate whether each material,
system or method listed is relevant to your study. If you are not sure if a list item applies to your research, read the appropriate section before selecting a response.
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Palaeontology and archaeology |Z |:| MRI-based neuroimaging
Animals and other organisms

Human research participants

Dual use research of concern

Human research participants

Policy information about studies involving human research participants

Population characteristics

Recruitment

Ethics oversight

Demographic information (i.e., age, gender, income, and education) were collected for all participants via self-reporting as
well as country of response. Strata for these characteristics were established to ensure that, for each country, the sample
population characteristics represent the country's general population. For each demographic stratum, a minimum of 50
responses were established as a quorum. Beyond this minimum quorum, target probabilities were established for each
stratum, working backward from 1000 total responses for each country, to equal the country's characteristics. For example, if
51% of a country's demography are women, 510 responses were reserved for women.

Gender, education, age group, and income level distributions of the sample are presented at the country-level and 23-
country average in Extended Table 1. In the 23,000-respondent sample, 50.3% are women, 77.8% do not have a university
diploma, 21.7% are aged 18-29, and 45.6% earned above the median income in their country.

Participants were recruited through international online panel providers via online email address, telephone and direct mail
solicitation. Unique responses were verified using respondent IP addresses or mobile phone numbers to ensure that each
participant was real and unique upon registration. Self-selection bias may have been present using this methodology, which
could impact the results if people who are are more or less likely to be vaccine hesitant were motivated to respond, or not
(non-response bias) to the survey upon learning this focus.

This study was approved and the survey administered by Emerson College, Boston, USA (institutional review board protocol
no. 20-023-F-E-6/12-[R1] updated April 12, 2021). Informed consent was obtained on the information page before
participants proceeded to the survey.

Note that full information on the approval of the study protocol must also be provided in the manuscript.
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