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ABSTRACT

Background Determinants of COVID-19 vaccine
acceptance are complex; how perceptions of the
effectiveness of science, healthcare and government
impact personal COVID-19 vaccine acceptance is unclear,
despite all three domains providing critical roles in
development, funding and provision, and distribution of
COVID-19 vaccine.

Objective To estimate impact of perception of

science, healthcare systems, and government along

with sociodemographic, psychosocial, and cultural
characteristics on vaccine acceptance.

Design We conducted a global nested analytical cross-
sectional study of how the perceptions of healthcare,
government and science systems have impacted
COVID-19 on vaccine acceptance.

Setting Global Facebook, Instagram and Amazon
Mechanical Turk (mTurk) users from 173 countries.
Participants 7411 people aged 18 years or over, and able
to read English, Spanish, Italian, or French.
Measurements We used X? analysis and logistic
regression-derived adjusted Odds Ratios (aORs)

and 95% Cls to evaluate the relationship between
effectiveness perceptions and vaccine acceptance
controlling for other factors. We used natural language
processing and thematic analysis to analyse the role of
vaccine-related narratives in open-ended explanations
of effectiveness.

Results After controlling for confounding, attitude toward
science was a strong predictor of vaccine acceptance,
more so than other attitudes, demographic, psychosocial
or COVID-19-related variables (aOR: 2.1; 95% CI: 1.8

to 2.5). The rationale for science effectiveness was
dominated by vaccine narratives, which were uncommon
in other domains.

Limitations This study did not include participants from
countries where Facebook and Amazon mTurk are not
available, and vaccine acceptance reflected intention
rather than actual behaviour.

Conclusions As our findings show, vaccine-related issues
dominate public perception of science’s impact around
COVID-19, and this perception of science relates strongly
to the decision to obtain vaccination once available.

Strengths and limitations of this study

» Large sample size (n=7411) with significant global
coverage (173 countries).

» Study conducted in four languages (English, Italian,
Spanish, French) where SARS-CoV-2 dominated at
the time of data collection.

» Qualitative and quantitative data integrate to gener-
ate key findings.

» Recruitment for participation was through social
media, which would under-represent people without
internet or without social media presence.

» Study was limited to the languages indicated.

BACKGROUND

Implementation of a vaccination for
COVID-19 is a core, essential component
of the strategic plan in reducing the future
burden of morbidity and mortality due to
SARS-CoV-2 infection.! Whether or not
people are vaccinated is a complex inter-
section of personal factors that relate to
interest and ability to obtain a vaccine, and
to structural-systemic factors that govern
access and availability.” Public trust under-
lies much of the personal decision-making in
accepting a vaccine. Confidence in accepting
vaccination relies on community knowledge
and expectation in science to develop and
offer a safe and effective vaccine, along with
the conviction that the healthcare system
will successfully deliver the vaccine. Trust
in science, government, and public health
structures to support and promote vaccines
encourages access and confidence.”

Trust in these systems, however, has proven
challenging for many communities, and the
WHO has registered ‘vaccine hesitancy’ as
one of the main risks to global health.* During
outbreaks, many people are willing to receive
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avaccine but not all do. Community resistance to vaccina-
tion does not necessarily revolve solely around biomedical
considerations, as people express social, economic, reli-
gious or moral concerns that might overshadow the risk
of acquiring the disease. Hence, the public confidence in
vaccination programmes depends on healthcare, public
health and in community governance.” Trust in science,
for example, is complex, given that the conduct of science
inherently takes time, can generate a range of findings
that reflect methodology and limitations of study design,
and often requires complicated constructs and investi-
gations.® 7 Science-informed policy can be vulnerable
to politicisation as public communications and commu-
nities may not reflect the same understanding of the
process as scientists themselves.®? Overcoming resistance
to COVID-19 vaccination relies on enhancing commu-
nication to better explain science and policy options for
disparate public audiences."

An Italian survey regarding public response to
COVID-19 found that trust in authorities was necessary
to combat COVID-19'! and that, over time, trust in public
authorities polarised. A survey from France found that
26% of respondents (n=1012) distrusted government
and would not accept a vaccine against SARS-CoV-2 if
available.'”” The most reluctant to receive the vaccine
were low-income people (37%), women 18-35 years old
(36%) and people older than 75 years (22%)."? Often,
under-represented communities distrust pharmaceutical
and clinical trials, stemming from historical and systemic
legacies of mistreatment, potentially leading to vaccine
scepticism.'” Political disregard for scientific expertise
only amplifies the vaccine-sceptic positions, recently high-
lighted as resistance to government-mandated immuni-
sation requirements and the rise of conspiracy theories
around COVID-19, sometimes perpetuated by celeb-
rities.'* A 2019 study focused on 14 Western European
countries suggested an association between the polit-
ical populism and vaccine hesitance, showing a strong
correlation between those who voted for populist parties
and those who distrust and dismiss the vaccines as not
important and not effective.'” Indeed, political polarisa-
tion is an important factor in vaccine acceptance, with the
far left and far right voters stating they would refuse a
vaccine if available.'® These findings show the importance
of monitoring vaccine confidence and also the need to
rebuild population’s trust in public health.

The influence of personal perceptions of effective-
ness toward the impact of different systems (health-
care, science, government) on individual preference
toward obtaining a COVID-19 vaccination is unknown,
yet crucially important. If these perceptions were better
understood, then public entities could incorporate
those views in their promotion and implementation of
COVID-19 vaccination to communities. Additionally, the
relative importance of these influences (perception of
healthcare, science and government system’s effective-
ness) compared with other demographic and psychoso-
cial determinants of vaccine acceptance is unknown, and

could guide social marketing strategies to reduce vaccine
hesitancy and increase COVID-19 vaccine uptake.

METHODS

Study design

We conducted an analytical cross-sectional study17 of
attitudes toward institutional effectiveness in addressing
COVID-19 and intentions for accepting a COVID-19
vaccine if one was available. This analysis was nested
within a wider mixed-methods study of COVID-19 lived
experience' around the world. Specifically, we aimed
to examine associations between attitudes toward the
effectiveness of healthcare systems, science, and of
governments in acting against COVID-19 and participant
acceptance for COVID-19 vaccine. The study’s overall
design was guided by the Critical Medical Ecology theo-
retical framework that prioritises understanding context
in analysing health, including systems and power rela-
tionships.' The results presented are consistent with the
Reporting of Studies Conducted using Observational
Routinely-collected Data guidelines% and we used the
Strengthening the Reporting of Observational Studies in
Epidemiology cross-sectional checklist when writing this
report.”

Setting and participants

This study recruited participants from around the world
through two social media channels to complete a REDCap
(V.9.9.2, Vanderbilt University)-based online survey in one
of four languages (English, French, Spanish and Italian).
Potential respondents were reached using purchased ads
in the four languages through Facebook, Instagram and
the Facebook Audience Network, which has been shown
to be an effective mechanism for reaching a worldwide
population.”® *® We also recruited participants from
Amazon’s Mechanical Turk (mTurk) digital workforce
which complements the scope of Facebook-based recruit-
ment.”* The survey was deployed between 6 April and 29
May 2020. During this period, the COVID-19 pandemic
centred in English, French, Spanish and Italian-speaking
countries around the world,25 hence the use of those four
languages for the survey. The survey was developed and
pretested in English, then translated into French, Spanish
and Italian by professional translators who were native
speakers. Potential participants were asked to confirm
that they were 18 years or older, and could read the survey
in one of the four languages offered. In total, 7411 partic-
ipants were included in the final sample, the disposition
of which is reported elsewhere.*

Survey

Once potential participants were routed from the social
media site where they were recruited to the survey portal,
they were presented with an informed consent document,
asked to confirm they were 18 years or older and if they
wanted to proceed. Participants continuing past consent
were required to provide their country of residence, the
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only required variable in the survey. The survey ascer-
tained a range of psychosocial indices and variables,
including sets of questions specific to COVID-19 expe-
rience, attitudes and actions. Most COVID-19-related
questions arose from the Kaiser Family Foundation Coro-
navirus Poll*” or were developed and pretested by the
project team. The survey also provided opportunities for
participants to explain their responses and perceptions
in several open-ended questions. mTurk participants took
an average of 36 min to complete the survey (completion
time not available for Facebook participants). The surveys
in English, Spanish, French and Italian are available as
online supplemental materials 1-4.

Primary exposure

We ascertained participant perception of effectiveness

of selected institutions and sectors regarding COVID-19

through a 4-point Likert scale applied to the following
question (English/Spanish/French/Italian):

How effective do you feel each of the following groups
have been in taking action against coronavirus and
COVID-19?/:Qué tan efectivo cree que fue cada uno de
los siguientes grupos en tomar medidas en contra del
coronavirus y COVID-19?/Dans quelle mesure estimez-
vous que chacun des groupes suivants se montre efficace
dans la lutte contre le coronavirus et le COVID-19 ?/In
che misura ritieni che ciascuna delle seguenti categorie
sia intervenuta efficacemente contro il coronavirus e il
COVID-19?

» The healthcare system (including hospitals, clinics, doctors,
nurses and other health providers)/El sistema de salud
(incluyendo hospitales, clinicas, médicos, enfermeros y otros
proveedores de la salud)/Le systeme des soins de santé (y
compris les hopitaux, cliniques, médecins, infirmiers et autres
prestataires de soins de santé)/1l sistema sanitario (comprest
ospedali, ambulatori, medici, infermieri e altri operatori
sanitari).

» Science (including researchers and analysts)/La ciencia
(incluyendo investigadores y analistas)/Le monde de la
science (y compris les chercheurs et analystes)/La comunita
scientifica (compresi ricercatori e analist).

» The government (including local and national govern-
ments)/El ~ gobierno  (incluyendo el  gobierno local 'y
nacional)/Le gouvernement (y compris les gouvernements
locaux et nationaux)/Il governo (comprese le autorita locali
e regionali) .

For analysis, we collapsed the first two categories of the
Likert scale and the last two categories of the Likert scale
into a binary variable of effectiveness perception for each
of the three domains (healthcare, science, government)
into two categories for each (English or English equiv-
alents: ‘very/somewhat effective’ vs ‘not very/not at all
effective’).

Additionally, participants were asked in an open-ended
question to explain their perception toward effective-
ness. Those responses were captured as written and form
unstructured data that supplemented the quantitative
data.

Outcome measure

The primary outcome variable ascertained participants’
interest in receiving COVID-19 vaccine, if available, specif-
ically worded as (English/Spanish/French/Italian):

If there was a vaccine that prevented people from
getting sick from coronavirus, would you get the
vaccine?/Si hubiera una vacuna para evitar que las
personas contraigan coronavirus, ¢se pondria la vacu-
nar/S'il existait un vaccin qui empéche de contracter
le coronavirus, vous feriez-vous vacciner?/Se esistesse
un vaccino per impedire che le persone si ammalasse-
ro a causa del coronavirus, ti faresti vaccinare?

Participants could select three choices (‘yes’, ‘no’ and
‘don’t know’) which were reduced to two categories for
analysis (‘yes’ vs ‘no/don’t know’).

Other measures

As the Critical Medical Ecology model'” was the frame-
work used to design this entire study, other variables
considered as potential confounders, effect modifiers or
covariates between the relationship of institutional effec-
tiveness perception and COVID-19 vaccine acceptance
include a range of variables reflecting biological, socio-
cultural, healthcare and abiotic measures. Sociodemo-
graphic measures include country of residence (recoded
into United Nations region), age, gender, education,
material assets (home and car ownership); sociocultural
measures include child or elder care responsibilities and
religion; psychosocial measures include perceived social
support, Multidimensional Health Locus of Control
(MHLC), COVID-19-specific measures (COVID-19
knowledge, worry, personal impact, and family/
personal COVID-19 infection, morbidity, and mortality),
COVID-19 prevention strategies (mask procurement
and use, social distancing and stayed home), and health
measures (general health (Health-related Quality of Life
(HRQOL-14)), difficulty accessing healthcare, work in
healthcare environment or have a chronic illness).

Sample size
Sample size for the parent project was computed (JMP
Pro V.14.1.0 (SAS Institute, Cary, North Carolina, USA)) a
priori based on the standardised T-scores of a non-medical
COVID-19-related personal impact index, with the ability
to detect a mean difference of 3 points from the standard
mean of 50 (SD=10). With 99.9% confidence and 80.0%
power, we estimated 380 participants were required per
geographical region inflated by 50% to 570 to account for
multivariate analysis, missing data and planned subanal-
yses. Recruitment occurred for the period of the survey
until all regions exceeded the targeted sample size of 570.
For this specific analysis, we conducted a post hoc power
computation of this study’s ability to detect a significant
difference in vaccine acceptance by effectiveness percep-
tion. With an estimated two-sided confidence of 99%, our
sample size exceeded 90% power to detect an effect size
of atleast 15% with normal approximation and continuity
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correction (JMP Pro V.15.0.0 (SAS Institute, Cary, North
Carolina, USA)).

Statistical analysis

We used both X* analysis and ORs with 95% Cls to assess
the bivariate relationship between all study variables
against the binary effectiveness perception variables for
each domain (healthcare, science, government) and with
vaccine acceptance. Logistic regression was conducted
first entering the three effectiveness domains into single
model (model 2) with vaccine acceptance, and following
Hosmer-Lemeshow’s approach,® then adding the other
variables statistically or marginally associated (p<0.10)
with both the effectiveness perception variables and the
vaccine interest variable (model 3). To be included in the
multivariate model, variables had to be associated with
vaccine acceptance with p<0.10 and with at least two of
the domains (p<0.10). All explanatory variables with a
variance inflation factor value <0.05 and demonstrating
linearity were retained in the model. We used multiple
imputation to account for missing data,” using the iter-
ative Markov chain Monte Carlo method and logistic
regression as the univariate model. Because the imputed
results showed no significant variation from the observed
results, we report only the observed multivariate summary
measures (adjusted ORs and 95% ClIs). Statistical signif-
icance was set at p<0.05 and IBM SPSS Statistics (V.27)
was used for all analyses. The Hosmer-Lemeshow test for
goodness of fit was used to assess the degree to which the
data fit the final models.

Analysis of unstructured data

Participants were asked to explain the ratings they
applied to their assessment of the effectiveness of science,
healthcare and government. We used natural language
processing (NLP) to ascertain frequency of words and
phrases participants provided in their responses. We used
the Text Explorer command in JMP Pro V.15.0.0 (2019
SAS Institute) with stemming and regular expression
(regex) functions to quantify key terms and phrases. We
present the magnitude and ranking of key words by each
domain of effectiveness (science, healthcare and govern-
ment) along with ranking the most common verb phrases
with excerpts for each. Second, we had two analysts review
the original responses and assemble thematic groupings
based on content. The analyst-driven groupings supple-
mented the NLP-generated word and phrase frequencies
with meaningful outliers and categories with semantic
divergence from the NLP results. For the analysis of
unstructured data, all phrases were translated to English
with the analysis completed on the English words and
phrases.

Public involvement

We iteratively pretested the instrument with a non-
random selection of public participants, incorporating
their feedback into the final version. Public comments
were allowed on social media recruitment materials and

advertisements about the topic, the study and participa-
tion. This study’s publications are widely disseminated
through social media channels, and publications are
made available through open access. Finally, we assessed
participant experience and opinion of completing the
survey with closed and open questions, enabling commu-
nication about their participation, the survey quality and
others issues of importance. We considered public input
in the construction of results and data interpretations
from this project.

RESULTS

Vaccination acceptance

Overall, 68.7% of participants indicated they would
accept the COVID-19 vaccine if it was available (table 1).
Shown in figure 1, the vaccine acceptance rate increased
with each rise in effectiveness ranking (not effective at
all, not very effective, somewhat effective, very effective)
across all three domains (healthcare, science and govern-
ment). A statistically significant difference in vaccine
acceptance rates was noted for all three domains (table 1)
when reduced to ‘effective’ versus ‘not effective’ with
‘science’ noting the largest gap in vaccine acceptance:
73.8% of participants considering that science has been
effective at taking action against COVID-19 indicated
acceptance for a potential vaccine, while 52.1% of people
who responded that science was not effective at taking
action would accept the vaccine (p<0.001).

Vaccine acceptance was significantly higher (p<0.001)
among younger (age <32 years) participants and among
those with more education (>high school). Participants
residing in Africa were significantly less likely than all
other regions to accept a potential vaccine (58.6% vs
69.5%, respectively), with Latin America and the Carib-
bean residents most likely (76.6%) to accept a vaccine.

Participants with higher COVID-19-related knowledge
were more likely to accept a vaccine than those with lower
levels of COVID-19-related knowledge (p<0.001). While
those participants with more COVID-19-related worry
and higher levels of COVID-19-related non-medical
impact were also more likely to indicate vaccine accep-
tance (p<0.001), those participants with direct COVID-
19-related experience (had a family or friend die from
COVID-19, or believed they have COVID-19 themselves)
were less likely to indicate vaccine acceptance. Partici-
pants demonstrating adherence to COVID-19 preven-
tion strategies (masking, social-physical distancing and
staying home) were significantly more likely (p<0.001)
to indicate vaccine acceptance. While vaccine acceptance
did not vary by general health status nor healthcare-
related employment (table 1), vaccine acceptance was
significantly higher among participants with a chronic
disease (p<0.001).

Participants reporting higher levels of social support
were more likely to indicate vaccine acceptance (p<0.001)
as were participants who felt their health was less likely to
be a function of chance (ie, lower levels on the ‘chance’
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effectiveness rating and domain.
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subscale of the MHLC). Participants who scored higher
on the ‘powerful others’ subscale (ie, one’s health is
controlled by powerful external entities, like doctors or
government) of the MHLC were more likely to indicate
vaccine acceptance (p<0.001).

Domain effectiveness

Overall, participants who indicated the highest level of
perceived effectiveness (table 1) in addressing COVID-19
was in the healthcare system (81.4%), followed by science
(76.6%) and government (61.2%). Younger people
(<age 32 years) and women were significantly more likely
to consider healthcare systems and science effective at
addressing COVID-19 than their older counterparts aged
32 years or older, or males/other genders. Participants
with more than high school education were more likely to
believe that science (not healthcare nor government) was
effective at addressing COVID-19. Identifying with a reli-
gion was not related to perceptions of healthcare effec-
tiveness nor science effectiveness, but was significantly
associated with perceptions of government effectiveness:
participants identifying with a religion were significantly
(p<0.001) more likely to consider governments effective
at addressing COVID-19 than participants not identifying
with religion.

Material assets were inconsistently associated with
perceptions of domain effectiveness. Homeowners were
significantly more likely to feel that healthcare and govern-
ment were more effective at addressing COVID-19 than
non-homeowners, and car owners were more likely to feel
healthcare was effective than non-car owners. Neither
home nor car ownership was associated with percep-
tion of science. Participants with childcare or elder care
responsibilities were significantly more likely to consider
governments as effective at addressing COVID-19—and
significantly less likely to consider healthcare or science
effective—than participants without those responsibilities.

Residents of Latin America and the Caribbean (LLAC)
were significantly (p<0.001) the least likely to consider
healthcare systems effective at addressing COVID-19,
followed by residents of Africa, and then residents from
other parts of the world. LAC residents were also least
likely to consider governments effective at addressing
COVID-19, followed by residents of Africa, Europe and

Northern America. Residents of Asia and Oceania were
significantly more likely to consider governments effec-
tive at addressing COVID-19 than residents of other parts
of the world. Residents of Africa were least likely to believe
science was effective at addressing COVID-19 compared
with residents from other parts of the world.

Higher COVID-19-related knowledge was positively
associated with healthcare and science effectiveness
perceptions: participants with higher COVID-19-related
knowledge were more likely to perceive healthcare and
science systems as effective in addressing COVID-19.
In contrast, higher COVID-19-related knowledge was
inversely associated with perception of government effec-
tiveness, with participants with higher levels of COVID-
19-related knowledge perceiving governments as less
effective than did those with lower levels of COVID-19-
related knowledge. Participants with higher levels of
COVID-19-related worry and higher levels of non-medical
COVID-19-related impact were less likely to consider
healthcare systems or government effective. Effectiveness
perception of science was unrelated to COVID-19-related
worTy or impact.

Personal experience with COVID-19 was significantly
and consistently associated with domain effectiveness
perceptions: participants indicating they themselves,
or a family member or friend, had COVID-19 or that
a family member or friend had died from COVID-19
were less likely to consider all three systems effective at
addressing COVID-19. Similarly, domain effectiveness
perception was significantly and consistently positively
associated with adherence to COVID-19-related preven-
tion behaviours: participants reporting masking, social—-
physical distancing or staying home.

Participants indicating difficulties with accessing
healthcare were significantly less likely to consider any of
the domains (healthcare, science, government) effective
in addressing COVID-19 when compared with partici-
pants not experiencing difficulties accessing healthcare.
Participants with higher levels of all three domains of the
MHLC (internal, chance, powerful others) were more
likely to consider government as effective in addressing
COVID-19.

Participants with higher levels of social support were
significantly more likely to consider all domains as effec-
tive at addressing COVID-19 than were participants with
lower levels of social support. Additionally, participants
who considered that their health was largely up to chance
were significantly less likely to consider science as effec-
tive at addressing COVID-19.

Multivariate results

Shown in table 2, science effectiveness perception is the
domain most strongly associated with positive vaccine
acceptance (model 1). Once adjusting for each domain
(model 2), science effectiveness perception remains
most strongly associated with positive vaccine acceptance,
followed by perceived effectiveness of the healthcare
system. Perception of government effectiveness did not

Dye TD, et al. BMJ Open 2021;11:€049716. doi:10.1136/bmjopen-2021-049716
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Table 2 Positive vaccine acceptance by domain effectiveness perception

Perception of domain effectiveness in taking action against

COVID-19 (effective vs not effective)

OR (with 95% CI)

Model 1 Model 2 Model 3

Healthcare
Science
Government

1.8 (1.5 10 2.0)
2.6 (2.3102.9)
1.4(1.2101.5)

1.2 (1.1 t0 1.4) 1.0 (0.9 t0 1.2)
2.4(2.11t02.7) 2.1 (1.8 to 2.5)
1.0 (0.9 t0 1.2) -

Model 1: unadjusted, each domain with outcome alone.
Model 2: domains together.

Model 3: significant domains and potential confounders (stayed home,* social-physical distancing,* childcare responsibilities, COVID-19
knowledge,* social support,* procured/wore mask, age <32 years,” resident of Africa, elder care responsibilities, friend/family has/had
COVID-19,* friend/family died from COVID-19, believe have had COVID-19, difficulties accessing care); *=remained in model.

remain a significant predictor of positive vaccine accep-
tance. After controlling for confounders (model 3),
science effectiveness perception remains a significant
predictor of positive vaccine acceptance, second in point
estimate magnitude only to (though not significantly
different from) social-physical distancing (data not
shown). Once controlling for confounders in this model,
healthcare effectiveness perception does not remain a
significant predictor of positive vaccine acceptance. The
Hosmer-Lemeshow goodness-of-fit test statistic remained
non-significant, indicating the data fit the final model
well.

Qualitative analysis

‘Vaccine’ was the most commonly mentioned word
provided by participants when describing the rationale
for their effectiveness rating of the science domain’s
impact on COVID-19 (table 3). ‘Vaccine’ was not a prom-
inent nor common feature, however, of participant ratio-
nale for their effectiveness ratings of healthcare system or
government. For example, some of the most commonly
polarised constructs surrounded beliefs that reflect
uncertainty about COVID-19 and conflicts embedded
within the research enterprise:

Still no vaccine has been invented. Not yet found
from where this virus has come and what is the reason
behind this. (Southern Europe)

E' stata trovato una cura per i malati tramite il
plasma super immune, manca solo il vaccine. (A
cure for the sick has been found through super im-
mune plasma, only the vaccine is missing.) (South-
ern Europe)
Trop de limitations des chercheurs dues au carcan de la sci-
ence empirique au lobby pharmaceutique au désir incontrole
de faire paraitre des études... (Too many limitations of
researchers, due to the shackles of empirical science
and the pharmaceutical lobby, to the uncontrolled
desire to publish studies...) (Western Europe)
Pienso que aun no se ha tomado muy enserio con la va-
cuna a las personas entendemos que es un proceso largo
pero creo que se deber’a realizar algo mas rapido ya que

la economia mundial esta afectando a los ciudadanos. (1
think that people have not yet been taken very seri-
ously with the vaccine, we understand that it is a long
process but I believe that something should be done
faster since the world economy is affecting citizens.)
(Southwestern Europe)

Independent scientists who do not work for govern-
ment or furthering political agendas are very thin on
the ground and have very little airing of their work in
the media. (Northern Europe)

With that said, much of the response to the effective-
ness of science in responding to COVID-19 is related to
the effort of science workers, with scientists viewed as
responsible for the development (or lack thereof) of a
vaccine:

Most trustworthy, reliable, objective. Working on the
vaccine. (Northern Europe)

Science has helped in locating the vector for this
disease (humans) and describing the DNA of the vi-
rus. But so far there’s no treatment nor a vaccine...
(South America)

Avec les chercheurs qui trouveront les remedes. ([1t is] with
the researchers who will find the cures.) (Southern
Africa)

Hacen lo que pueden para encontrar una vacuna, tengo
confianza en la ciencia. (They do what they can to find a
vaccine, [ have confidence in science.) (Southwestern
Europe)

La comunita scientifica é attualmente a pieno regime al la-
voro sul vaccino e gli scienziati collaborano a stretto contatto
con il governo per prendere le giuste decisioni per quanto
riguarda il lockdown e le procedure sociali da rispettare per
contenere il contagio (The scientific community cur-
rently at full capacity working on the vaccine and
scientists collaborate closely with the government to
make the right decisions regarding the lockdown and
the social procedures to be followed to contain the
contagion.) (Southern Europe)

I think scientists are working 24/7 to find a vaccine
and have given their best advice to the Government.
(Northern Europe)
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Dye TD, et al. BMJ Open 2021;11:€049716. doi:10.1136/bmjopen-2021-049716



Table 3 Most common words and phrases in describing effectiveness perception rationale, with excerpts

Science (including researchers and
analysts)

Healthcare system (including hospitals, clinics,
doctors, nurses and other health providers)

Government (including local and national governments)

Science word count (#)

Healthcare word count (#)

Government word count (#)

1. Vaccine (1128)

2. Virus (628)

3. Cure (296)

5. Treatments (236)

7. Political (eg, govt, Trump, China) (105)
9. Hope (57)

11.Fight (53)

13.Health providers/healthcare
(18)

15.Sceptical (eg, fake, lies, corruption) (15)

Most common verb phrases (science)
‘find a vaccine’ (99)

They're trying to find ways to get through
this, prevent the spread, and find a vaccine.
(Northern America)

‘working hard’ (90)

Working hard to understand the virus,
advise governments (who unfortunately
don't always listen/react in time)... Working
round the clock to find effective treatments
and vaccines (Northern Europe)

‘trying to find’ (74)

They are trying to find a cure or vaccine
but there is so much conflict about how to
do this and human trials are happening too
quickly. (Northern America)

‘find a cure’ (59)

We are knowing more about the virus
because of their research. They are

also trying to find a cure and vaccine...
(Northern America)

‘develop a vaccine’ (35)

Science cannot be rush to get a miracle
cure. It needs time to develop a vaccine or
cure and then test it. (Caribbean)

(Vaccine-related:

Scientists are trying to get rid of this
pandemic and work in to find new vaccine
or medicine. (Oceania)

For the scientists looking for a vaccine, |
haven't heard much from them on their
progress. (Oceania)

Even though people are doubting science
and scientists, | think they have been
working hard to find a vaccine and how

to treat those with Coronavirus. (Northern
America)

Hanno svolto un lavoro di ricerca molto
utile, anche se per trovare vaccino ci vuole
un altro po' di tempo. (They have done
some very useful research work, although
it takes a little longer to find the vaccine.)
(Southern Europe)

Thousands of people dying, no vaccine yet,
come on people! (Northern America)

1. Health providers/healthcare (561)

2. Virus (346)

4. Treatments (341)

6. Political (eg, govt, Trump, China) (119)
8. Fight (103)

10.Cure (70)

12.Sceptical (eg, fake, lies, corruption) (66)
14.Vaccine (27)

16.Hope (6)

Most common verb phrases (healthcare)
‘taking care’ (54)

Only can speak of the area I'm in. But the medical
system here has been performing admirably. Getting
out needed information and taking care of the
afflicted well. (Northern America)

‘working hard’ (49)

The health providers, doctors and nurses of this
country are acting selflessly and working hard to
protect the nation from the threat. (South Asia)
‘risking their lives’ (25)

They are the more affected by this crisis. They are
risking their lives as treating people in health system
that is not prepared for a pandemic. (Northern
Europe)

‘trying their best’ (25)

They are trying their best to cope with limited
resources. (Southeast Asia)

‘save lives’ (24)

lls gérent tres bien cette crise a mon avis et se
donne tout les moyen pour sauver des vies. (They
are managing this crisis very well in my opinion
and are doing everything they can to save lives.)
(Western Europe)

Vaccine-related:

Massiccio intervento da parte loro per contrastare
la malattia. Conoscenze mediche e ricerca
fondamentali allo sviluppo di un vaccine.

Massive intervention on their part to counter the
disease. (Medical knowledge and fundamental
research for the development of a vaccine.)
(Southern Europe)

It’s because the healthcare system is just gambling
around with the vaccine and research shows that
they provide alkaline foods to infected persons
because the virus survives in acidic conditions.
(East Africa)

A causa della mancanza di un vaccino, il sistema
sanitario fa del suo meglio per prendersi cura dei
pazienti, ma non sempre efficace. (Due to the lack
of a vaccine, the health system does its best to take
care of patients, but not always effective.) (South
America)

Everything they can do is in place except the
vaccine. (South Asia)

Etant donné I'absence de vaccin/remede, le
personnel médical fait ce qu'il peut avec ce qu'il a.
(Since there is no vaccine/cure, the medical staff do
what they can with what they have.)

(Western Europe)

1. Political (eg, govt, Trump, China) (1142)
2. Virus (302)

3. Sceptical (eg, fake, lies, corruption) (90)
4. Health providers/healthcare (56)

5. Fight (50)

6. Treatments (39)

7. Cure (19)

8

. Vaccine (13)

©

Hope (10)

Most common verb phrases (government)

‘spread of the virus’ (44)

Delayed response to the virus/pandemic. The government could
have mitigated the spread of the virus if they acted fast and
didn't downplay it. (Southeast Asia)

‘stop the spread’ (20)

| think the [country] government have done an excellent job.
After seeing what happened in [another country] | was relieved
when our government took such drastic measures so quickly
to stop the spread and give the hospitals a fighting chance at
treating people. (Northern Europe)

‘measures taken’ (18)

Political decisions have not taken into account the huge ethical,
social, economical, and sanitary implications of extreme

public health measures taken such as national lockdowns

and measured them against the risk posed by the epidemic.
(Southwestern Europe)

‘done a good job’ (16)

Some governments such as in [names three countries], have
done a good job containing the virus. Others have used it to
benefit themselves ->turned it into a political game. (Western
Europe)

‘mixed messages’ (14)

Very high rates in [country]. Strong lockdown which has been
effectively enforced. However there has been a lot of confusion
about testing, payments to people in need and general mixed
messages.

(Southwestern Europe)

Vaccine-related:

Supporting the healthcare system while supporting the research
for a vaccine.

(Northern America)

The government has not created a vaccine or helped those who
are out of work efficiently. (Northern America)

Only taking advice from vaccine schills and ineffective global
agencies.

(Northern America)

Contributing financially to get the vaccine and provision of free
treatment to people tested positive. (Northern America)

Could have (h)astened the vaccine discovery process. (South
Asia)

Dye TD, et al. BMJ Open 2021;11:€049716. doi:10.1136/bmjopen-2021-049716
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They can make cars fly and change your heart and
brain and eye color but somehow they can’t make an
antivirus for a measly flu virus... (Northern America)

I'am confident and hopeful that the all hands on deck
approach will find a vaccine and or effective treat-
ments for the illness quickly. (Northern America)

Too slow. We should improve our emergency science
with less heavy protocol. (Western Europe)

Takes too long to get vaccine. (Northern America)

While mentioning vaccine-related issues was uncommon
in participant rationale for effectiveness ratings of the
healthcare system, several participants did mention simi-
larly themed vaccine-related issues (impact of lack of
vaccine on healthcare, conspiracy):

A causa della mancanza di un vaccino, il sistema sanitario
fa del suo meglio per prendersi cura dei pazienti, ma non
sempre efficace. (Due to the lack of a vaccine, the health
system does its best to take care of patients, but not
always effective.) (South America)

They are doing the best they can despite not having a
vaccine, and there are cases of recovered patients (es-
pecially those with no underlying issues). (Northern
America)

No estoy muy enterada de este tema, pero hay tantas teorias
e informacion de gente diferente que ya no sabemos ni que
es cierto y que no. (I am not very aware of this topic,
but there are so many theories and information from
different people that we no longer know what is true
and what is not.) (Central America)

They won’t acknowledge cures that don’t make
them money. Seem to be pushing the vaccine agen-
da for money and control. Are killing people be-
cause they won’t treat them properly... (Northern
America)

Similarly, participants uncommonly mentioned vaccine-
related issues in their rationale for their ratings of govern-
ment effectiveness, but echoed the sentiments from the
science and healthcare domains:

Contributing financially to get the vaccine and pro-
vision of free treatment to people tested positive.
(Northern America)

The government has not created a vaccine or helped
those who are out of work efficiently. (Northern
America)

They aren’t giving any answers to how we will start to
exit lockdown. We can’t stay locked up until a treat-
ment or vaccine is found that could be 18 months
from now. The country can’t afford to furlough
people for that long. People will end up dying
through starvation, abusive parents/partner, suicides
will rise. (Northern Europe)

DISCUSSION

Attitude toward the effectiveness of the science domain’s
ability to impact COVID-19 was a strong predictor of
vaccine acceptance, more so than attitudes toward health-
care or government effectiveness, or other demographic,
psychosocial, or COVID-19-related variables. People
with more positive attitudes toward science’s impact on
COVID-19 were more likely to indicate acceptance for a
COVID-19 vaccine than people with a negative attitude
toward science’s impact, even after controlling for a wide
range of confounding variables.

Our rate of COVID-19 vaccine acceptance (68.7%) was
similar to the rates found by other studies from around
the world. In a global survey conducted in June 2020 with
13 426 people in 19 countries, 71.5% of people said they
would be very or somewhat likely to accept COVID-19
vaccine.” Similarly, a study conducted in France found
that 26% of participants would not take the vaccine.'”
Moreover, in a study conducted in the UK, distrust was
associated with unwillingness to get vaccinated against
COVID-19.”' These attitudes were higher between ethnic
minority groups. Italian studies also found that 44% of
participants would not get vaccinated; in particular, older
adults were less likely to get vaccinated than younger
adults.” This finding is worrisome because these groups
are some of the societal groups that present a greater risk
for clinical complications.33 In contrast, in a wide Euro-
pean study, 74% of participants expressed willingness to
get vaccinated.” Studies conducted in North America
suggest that most participants between the USA and
Canada expressed willingness to get vaccinated against
COVID-19. For example, in a study conducted by Fisher
et al, 58% of participants favoured the vaccine; however,
32% were uncertain about getting immunised against
COVID-19.*° In addition, Reiter et al found that 69% of
their participants were willing to receive the vaccine.”
This inclination toward vaccination was associated with
participants’ healthcare provider’s recommendations.
That said, vaccine acceptance has lagged in some areas of
the world related to a range of factors.” Overall, the main
reasons in these studies against accepting a COVID-19
vaccine were related to efficacy, safety, mistrust against
biomedical research and potential side effects.”' ****

Trust is crucial for the success of public health poli-
cies. Governments can respond efficiently if their citizens
feel confident in the public institutions looking out for
their well-being and social cohesion.” If too few people
are willing to receive the COVID-19 vaccine when avail-
able, then the impact will be incomplete in halting the
spread of disease, thus requiring a multilevel engagement
and dialogue between the scientific community, govern-
ment and population.%2 As shown in our study, COVID-19
vaccine-related issues dominated participant attitudes
around the effectiveness of science, even more so than
treatments or cures. While effectiveness attitudes in all
three domains (science, healthcare and government)
and several important key variables were associated with
vaccine acceptance initially (in particular, geographical
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residence in Africa, personal experience with COVID-19
as being personally infected, having family/friends
infected or died), these variables did not remain signif-
icant in the multivariate model. The global conversa-
tion around COVID-19 vaccination dominates thoughts
around science effectiveness, logically leading to these
perceptions impacting willingness to obtain a vaccine
when available. How science communicates in particular
around vaccination is crucial in shaping this trust.®

While less strongly associated with COVID-19 vaccine
acceptance than perceptions of science effectiveness,
adherence to prevention behaviours (social-physical
distancing, masking, staying home) was also strongly and
significantly related to vaccine acceptance and remained
in the model after controlling for other significant vari-
ables. As a result, positive COVID-19 vaccine acceptance
may fit well with the recommended set of public health
prevention strategies. Despite the effect of positive atti-
tudes toward science on vaccine acceptance, however,
some participants clearly held negative perceptions,
mostly around existential beliefs about the COVID-19
pandemic itself and in viewing the scientific enterprise as
collaborating with other entities with ulterior motives, or
to deny populations the benefit of vaccines and treatment.
Clearly, recognising efficient approaches, for example,
knowledge sharing, to restore population trust in vacci-
nation, is an essential issue that must be prioritised by
governments and public health officials in order to coun-
terbalance negative COVID-19 vaccination perceptions.”

Vaccine-related rationales were uncommon in justifying
effectiveness rankings in the healthcare and government
domains, despite the widespread belief that vaccines have
been politicised. The few times vaccine-related issues
arose in rationales around healthcare, they were viewed
as absent from the sets of treatments available to the
healthcare workforce. Vaccine-related issues mentioned
in government effectiveness rationales often surrounded
the role of government in supporting and distributing
vaccines.

Our study is limited by its reliance on social media
outlets to recruit participants. While these platforms
provided access to much of the world and exceeded
sample size requirements, participants in key countries
(for example, China) without access to the platforms we
used are not included in this analysis. Also, vaccine accep-
tance is hypothetical since COVID-19 vaccine was not
available at the time of this analysis; participants could
make different decisions when actually facing the oppor-
tunity to obtain vaccine. Finally, we did not consider
higher levels of determinants of vaccine availability in
this analysis at the country or wider levels. Our focus was
on participant preference and perception of these addi-
tional multilevel determinants could, perhaps, temper
our results.

Our findings contribute to better understanding
of vaccine hesitancy, in that the primacy of belief in
science’s effectiveness in addressing COVID-19—more
so than the role of healthcare or government, or of

direct COVID-19-related experiences, knowledge, and
beliefs, or sociodemographic characteristics—on vaccine
acceptance has not been previously described. Vaccine
hesitancy needs to be examined in a multidimensional,
sociocultural context as it challenges trust in the health-
care system, the healthcare workers who administer the
vaccines, the policymakers who implement the vaccina-
tions, the media communication surrounding vaccines,
individual’s past experiences and individual’s knowl-
edge.” Vaccine hesitancy has been increasing due to
social media disinformation campaigns that cast public
doubt about their safety.” Helping to communicate and
improve the public’s understanding of science could help
improve attitudes toward—and potentially uptake of—
COVID-19 vaccine once available.

CONCLUSIONS

People’s confidence in accepting vaccination primarily
depends on their knowledge and trust in science. In
order to realise the full public health impact of COVID-19
vaccination, a call for equity-focused coordinated global
response is warranted to halt the pandemic. Community-
based groups and non-governmental organisations, such
as the Red Cross, could be considered essential to build
public trust in accepting COVID-19 vaccine.” Public
trust is fragile at best and emphasising any uncertainty
regarding COVID-19 can erode public confidence; thus,
clear and careful scientific communication is paramount
in relaying support for scientific-based policies.® As our
findings show, vaccine-related issues dominate public
perception of science’s impact around COVID-19, and
this perception relates strongly to the decision to obtain
vaccination once available.
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