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Abstract

Background: Countering COVID-19 vaccine hesitancy has been a challenge in Saudi Arabia,
one of the countries affected most by the pandemic in the Eastern Mediterranean Region.

Aims: To identify information needs, perceived benefits, concerns, trusted information sources,
social norms, and predictors for COVID-19 vaccine uptake in Saudi Arabia and identify effective
messaging strategies to increase vaccination intentions among the unvaccinated.
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Method: Between March and April 2021, we conducted an online cross-sectional survey (N =
2883), and in part, a randomized experiment for unvaccinated participants (n = 675) in Saudi
Arabia using Facebook Ads and Messenger. Unvaccinated participants were randomly
assigned to 1 of 5 message conditions and after message exposure, participants were asked if
they planned to take the COVID-19 vaccine.

Results: In total, 2883 adults participated in the survey. All message framings worked equally
well, with no statistically significant difference between the arms. Approximately 80% of the
participants across all message conditions said they intended to vaccinate. However,
participants wanted to know more about the vaccines; about 35% wanted to know more about
vaccine efficacy, 31.5% about safety, 26.8% about health authority’s recommendation, and
3.7% about where to get the vaccines. Health workers (61.4%) and scientists and
epidemiologists (25.7%) were the most trusted sources. Others were family members (7.5%),
community leaders (2.2%), religious leaders (1.6%), friends (1.4%), and celebrities and social
media influencers (0.2%).

Conclusion: Vaccine hesitancy can be overcome by understanding individuals’
decision-making processes and using effective risk communication targeted to their needs.
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Introduction

Vaccines for the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) have been
crucial public health preventive measures to lower the risks of COVID-19 infection, spread,
illness, and death. However, despite increased availability of vaccine and the potential threat
from new variants, vaccination rates have been lagging with many countries far below the
coverage rates needed to attain the WHO target of 70% global vaccination coverage by
mid-2022 (1). Diffusion theory suggests that new innovations follow a trend where a small group
of early adopters take up the new technology quickly, followed over time by other population
groups with varying degrees of resistance to change (2). The SARS-CoV-2 vaccines have
followed this pattern (3,4). As the pace of new vaccinations slows, interventions that can
increase vaccine acceptance, coupled with improvements to vaccine distribution and access,
are necessary for countries to meet their vaccination targets.

Vaccine hesitancy is the “delay in acceptance or refusal of vaccines despite availability of
vaccination services,” on a continuum between full acceptance and refusal (5). Such vaccine
hesitancy can be influenced by issues of confidence (i.e. not trusting the vaccine or provider),
complacency (i.e. not seeing a need for a vaccine) and convenience (i.e. access) (6). Guided by
and incorporating previous research, we noted that vaccine hesitancy could be influenced by
supply and demand, as well as individual, community and system preferences or perceptions (

Figure 1
).

Specifically, previous research (7-10) and major risk communication theories, including the
theory of planned behaviour (11), the health belief model (12,13), the protection motivation
theory (14), and the extended parallel process model (15), have noted that determinants, such
as perceived risks, self-efficacy, vaccine safety and efficacy, social norms, vaccine access, and
perceived consequences, can impact vaccine hesitancy. For example, people get vaccinated
when they think that being infected with COVID-19 could have impacts, or that the vaccine
could safely and effectively protect them, others have been receiving the vaccine, and that they
could get the vaccine.

Vaccine supply-related factors, alongside economic, geographic and cultural barriers, can
determine vaccination behaviours. For instance, people cannot get vaccinated even though they
want to, unless the vaccine is offered and accessible. Policymakers can design more efficient,
more accessible and more equitable vaccine distribution programmes by better analysing the
factors that determine vaccine acceptance, hesitancy and resistance and tackling the salient
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factor behind the vaccine hesitancy.

Saudi Arabia began distributing COVID-19 vaccines in December 2020 and had achieved a
coverage rate of 40.2% by May 2021, when this study was conducted. Studies conducted
before the introduction of the vaccine used hypothetical vaccination intentions (16,17). Even
after the introduction, researchers primarily examined vaccination intentions, their predictors,
information sources, and perceived vaccine benefits and concerns (18-21), with a few studies
measuring vaccine uptake (22,23). The literature on COVID-19 vaccines in Saudi Arabia has
largely focused on cross-sectional surveys, with very little experimental evidence on
interventions that increase vaccine intentions or uptake (24). To fill the gaps, this study
examined vaccine uptake, their predictors, and messages to encourage vaccine uptake.

Study objectives

To better understand how public health authorities can effectively address vaccine hesitancy,
this paper summarizes 2 studies: a survey contributing to evidence on the drivers of vaccine
hesitancy and uptake, and an experiment testing the effects of messaging on increasing
vaccine intentions. First, through a survey with participants in the Kingdom of Saudi Arabia (N =
2,883), this study identified demographic and behavioural factors and key drivers of vaccine
hesitancy to help develop an effective risk communication strategy. Then, for unvaccinated
participants (n = 675), we conducted a randomized experiment that varied framings to develop
effective messages based on health communication literature (11,15,25,26). By doing so, we
provide guidance to public health authorities on how to effectively communicate, generate
demand and reduce vaccine hesitancy.

Methods

We conducted an online cross-sectional survey and a randomized experiment for unvaccinated
participants nested within the survey, using social media (Facebook Ads and Messenger).

Procedure

Participants in the Kingdom of Saudi Arabia were recruited using Facebook Ads. Facebook
users were exposed to the advertisement with the generic recruitment text “Share your opinion”
to address potential self-selection bias at the advertisement stage. Those who clicked the ads
were redirected to Facebook Messenger, where they consented to participate and completed
the survey and experiment via chatbot ( Figure 2 ). AlImost 97% of the population in the Kingdom
of Saudi Arabia uses the internet (27) and Facebook ads can reach approximately 66% of the
population. Responses with missing information were removed from the sample during data
cleaning. The entire study, including the ads, was conducted in Arabic, the primary language
used in Saudi Arabia.
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Recruitment

Between May and June 2021, adult participants in the Kingdom of Saudi Arabia were recruited
using Facebook dynamic ads. Instead of using Facebook’s ad optimization algorithm, we
optimized Facebook ads with 104 clusters based on census demographic information to recruit
a sample that reflected, to the extent possible, the country’s population distribution by gender,
region and age groups. Our optimization helped recruit participants by attempting to keep the
ratio between the country’s population distribution by age, gender and region, using the number
of participants in the clusters, rather than maximizing the reach. Depending on the group’s age,
gender and region, users may have been exposed to the ad multiple times, until we recruited
enough participants in the group. Initially, Facebook ads made 2 058 732 impressions (the
number of ads on the screen), reached 938 060 users (i.e. users saw the ad at least once), and
6067 users clicked the Facebook ads and started conversation with the chatbot. Then, those
who agreed to participate (n = 3178) continued to respond to the survey, and the unvaccinated
(n = 675) participated in a randomized experiment. The final sample was 2883 with a 90.71%
completion rate.

Measurement

The survey instrument measured (i) basic demographics to identify views of key groups and
correlates of hesitancy for targeting; (ii) previous infection with COVID-19 to identify the
relationship between direct experience of illness and participants’ opinions and views; (iii)
vaccination status and vaccination intentions as the primary outcomes, to assess the roles of
demographics (age, gender, education, region), COVID-19-related behaviours (masking,
physical distancing), and key behavioural dimensions of vaccination and vaccination intentions
(social norms, trust, locus of control, perceptions, and concerns related to the vaccine).

Experiment framing messages

Participants who reported that they had not been vaccinated against COVID-19 were randomly
assigned to 1 of 5 message conditions in advance of being asked about their vaccination
intentions: (i) expert endorsement, (ii) dynamic social norms, (iii) safety, (iv) efficacy and
pro-sociality, and (v) control group without framing ( Table 1 ). After message exposure,
participants were asked “Do you plan to get the COVID-19 vaccine?” with options “No,” “Yes,”
and “Unsure.”

Data analysis

Descriptive statistics and correlational analyses, such as chi-square analyses, t-tests, analysis
of variance (ANOVA) tests, and binary logistic regression were conducted. Specifically,
chi-square analyses were used to examine whether there was significantly different vaccine
uptake by demographics, and whether the vaccinated vs. the unvaccinated had differences in
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their vaccine-related concerns, trusted information sources, social norms, and main benefits of
the vaccine. ANOVA tests were used to analyse the difference between message effectiveness
and binary logistic regression was used to identify factors predicting vaccine uptake.

Ethical approval

The Kingdom of Saudi Arabia Public Health Authority IRB approved this study (ethics approval
#: SCDC-IRB-A035-2021). All participants provided written consent to participate.

Results
Participants

A total of 2883 adults in the Kingdom of Saudi Arabia participated in the survey between 26 May
and 8 June 2021. About one-third of the participants lived in the Central Region (Riyadh) and
their ages varied, 883 (30.6%) were in their 30s. Some 1719 (59.6%) participants identified as
male and 1164 (40.3%) as female. About 15% of them self-reported working in the health sector
and almost the same percentage in the education sector. About 5.5% identified as Saudi
nationals (n = 158). Overall, the participants’ demographics was a representation of the
country’s demographics ( Table 2 ). However, given that the study was conducted using social
media, the participants were younger and more educated.

Vaccine uptake with demographics
About 76.6% of the participants (n = 2208) were vaccinated against COVID-19. Vaccination
uptake varied across demographic groups, 81.7% of men (n = 1,404) were vaccinated
compared with 69.1% of women (n = 804). Only 58.5% of those aged 18-29 (n = 261) were

vaccinated, while 81.4% (n = 438) of participants in their 50s or older were vaccinated (P

(n =133), 74.4% of nurses (n = 58), 81.6% of pharmacists

(n = 31), and 86% of other healthcare workers (n = 123) were vaccinated.

COVID-19 vaccine-related information needs

About 35% of the participants wanted to know more about vaccine efficacy (n = 1007), followed
by 31.5% about safety (side effects) (n = 908), 26.8% about health authority’s recommendation
(n=772), and 3.7% about where to get the vaccines (n = 108).
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Vaccinated and unvaccinated participants had different information needs. The vaccinated
needed information about efficacy (36.3%, n = 802) the most, followed by vaccine safety (side
effects) (29.7%, n = 656), health authority’s recommendation (29.4%, n = 650), and where to
get the vaccines (2.1%, n = 47). In contrast, the unvaccinated needed information about safety
(side effects) (37.3%, n = 252) the most, followed by vaccine efficacy (30.4%, n = 205), health
authority’s recommendation (18.1%, n = 122), and where to get the vaccines (9%, n = 61).

COVID-19 vaccine-related concerns

About 40% of the participants did not have any concerns (n = 1155), about 30% were
concerned about the long-term side effects (n = 864) and 13.7% were concerned about the
short-term side-effects (n = 396). Some 5.3% had already been infected with COVID-19 (n =
153), 4.8% thought that the vaccine may not work (n = 139), 1.6% were vaccine-hesitant (n =
46), 1.3% said their preferred vaccine type was not available (n = 38), and 1.2% had low trust in
the pharmaceuticals and health institutions (n = 35).

Concerns about the vaccine varied between the vaccinated and unvaccinated (P

n = 316) side effect than the unvaccinated (24.6%, n = 166; 11.9%, n = 80, respectively). In
contrast, the unvaccinated felt they did not need the vaccine because they had been previously
infected with COVID-19, were generally against vaccines, or had low trust in pharmaceutical
and health institutions.

Trusted information sources

About 61.4% of the participants trusted information from healthcare professionals such as
doctors, nurses and pharmacists (n = 1769). About a quarter (25.7%) trusted scientists and
epidemiologists (n = 740), followed by 7.5% family (n = 217), 2.2% community leaders (n = 64),
1.6% religious leaders (n = 46), 1.4% friends (n = 40), and 0.2% celebrities and social media
influencers (n = 7). There was no statistically significant difference among trusted information
sources between the vaccinated and the unvaccinated.

Perceived main benefits of the vaccine

More than half of the participants (53.4%, n = 1539) reported that protecting oneself was the
main benefit of receiving the vaccine, about a quarter (26.7%, n = 771) mentioned resuming
interactions as the main benefit, followed by protecting others 12.5% (n = 361) and for other
reasons 3.7% (n = 107).
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Chi-square analysis revealed statistically significant differences in the perceived main benefits

between the unvaccinated and vaccinated (P Social norms
Descriptive social norms

Majority (95%) of the participants believed that their friends (n = 2,731) and families (n = 2740)
would take the vaccine. Chi-square analysis revealed mixed findings on descriptive social
norms between family and friends. For the family, statistically significant differences in social

norms that family would take the vaccine was found between the unvaccinated and vaccinated
(P Injunctive social norms

Majority (94%) believed that everyone should take the vaccine to protect others (n = 2715).
Chi-square analysis revealed statistically significant differences in injunctive social norms
between the unvaccinated and vaccinated (P Factors predicting vaccine uptake

Binary logistic regression (n = 2878) was conducted to identify factors that predict vaccination
status (i.e. vaccinated, unvaccinated). Vaccine uptake was predicted by being male (P

(P =0.021); being a Saudi national (P = 0.003); and not having COVID-19 cases at home (P

(P = 0.002), or any other vaccine benefits (P = 0.03), and preferring AstraZeneca vaccine (P =
0.001) to Pfizer vaccines (P Table 3).

We used a more parsimonious model with a reduced set of variables ( Table 4 ). Similarly to the
full model, results from the reduced model indicated that vaccine uptake was predicted by being
male (P

(P = 0.001), any other vaccine benefits (P Table 4).

Message framing effectiveness

We conducted a randomized experiment and ANOVA to test message effectiveness on
vaccination intentions among the unvaccinated (n = 675). We compared a control group to 4
message framings that highlighted different reasons to get vaccinated. Approximately 80% of
the participants reported that they intended to get vaccinated across all message conditions;
there was no statistically significant difference in intentions across groups (P Discussion

Predictors of COVID-19 vaccine uptake
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In our study, about 76.6% of the participants had taken the COVID0 19 vaccine. Vaccine uptake
was predicted by being male, being older, being a doctor or other health worker excluding
nurses or pharmacists, being a Saudi national, not having COVID-19 cases at home, thinking
that everyone should take the vaccine to protect others, seeing the benefits of the vaccine, and
preferring AstraZeneca to Pfizer vaccines.

Unlike most previous studies examining vaccination intentions (7-10), we also assessed actual
vaccine uptake (17,19,20). Our results are consistent with previous research that demographic
factors such as gender and age predicted vaccination intentions before (16) and after vaccine
introduction by the government (18,20,21). However, unlike previous research finding that
non-Saudi residents were more willing to take the vaccine (16,18), our findings revealed that
Saudi nationals were more likely to get vaccinated than non-Saudi residents. Given that the
large non-Saudi population (e.g. foreign workers, migrants) in Saudi Arabia are at increased
health risks (28,29), more vaccination efforts may be needed for non-Saudi nationals.

Given the low vaccine uptake among the less educated (16,21), more efforts are needed to
address possible inequalities in communication, which deters access to, processing of, and
capacity to act on information among different social classes. Priority should be given to
individuals in the low vaccine uptake group in public health communication and by reducing the
barriers hindering them from having access to vaccines.

Our findings add to the evidence that behavioural factors, such as injunctive social norms (e.g.
people thinking it is important for everyone to get vaccinated or perceived main vaccine
benefits), predict vaccine uptake. However, descriptive social norms (e.g. people thinking their
friends and family would take the vaccine) did not predict vaccine uptake. These behavioural
factors can be incorporated into risk communication plans.

Vaccine concerns, benefits, information needs and trusted messengers

Concerns about vaccine safety and side effects were the most common (43% of participants).
Compared to the vaccinated, the unvaccinated were more concerned about not needing the
vaccine due to previous COVID-19 infection, being generally against vaccines and having low
trust in pharmaceutical and health institutions. The results also showed that majority of
unvaccinated participants desired to obtain more information about the safety and efficacy of
vaccines, and the recommendations of health authorities and institutions. The main perceived
benefits were protecting themselves and others and resuming interactions. The trusted
messengers mentioned include healthcare professionals, scientists and epidemiologists.
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Our findings are aligned with previous research on the vaccine safety and efficacy concerns
among the public (17,22) and the main benefits to protect themselves and others (21). The
findings add new evidence on trusted messengers (i.e. healthcare professionals) to previous
literature that identified information sources (e.g. Ministry of Health) and channels (e.g. social
media) in Saudi Arabia (19,23). Since healthcare professionals are trusted messengers that
interact directly with patients (30,31) and previous research found that sharing expert opinions
on the COVID-19 vaccine increased vaccine uptakes in the Czech Republic (32), future
research can test messages using healthcare professionals, while public health authorities can
collaborate with healthcare professionals and communicate their perceptions about vaccination.
Messages that individuals who had already been infected with COVID-19 need to get
vaccinated can be tested and communicated. By incorporating these insights, public health
authorities can increase vaccination uptake.

Messaging to address vaccine hesitancy

Our experiment revealed that all message framings (i.e. expert, dynamic social norms, safety,
efficacy and pro-social messages) were equally effective and that unvaccinated participants
overwhelmingly intended to get vaccinated. Regarding vaccination intentions, researchers have
commonly used behavioural intentions to predict behaviours in experiments (33), and one
meta-analysis examining 47 experiments found that a medium-to-large change in behavioural
intention (d = 0.66) led to a small-to-medium change in behaviours (d = 0.36) (33).

Our experiment leveraged an online survey and employed cutting-edge risk communication
techniques (25,26,34-38) to examine which messages could increase vaccination intention
relatively early for vaccination roll-out in the Kingdom of Saudi Arabia. Most of the previous
research in Saudi Arabia focused on identifying factors predicting vaccination intentions using
cross-sectional surveys (18-21). In contrast, previous experimental research conducted in other
regions had mixed findings (34,37). For example, vaccine safety messages encouraged
vaccination intentions (34) in Latin America (39), the United Kingdom (40), and USA (41), but
not among unvaccinated adults in California (42) and adults in Poland (43). Social norms
messages increased vaccination intentions among healthcare workers (44) and adults (41) in
the USA but not in Poland (43) and the United Kingdom (45). Sharing expert opinions about the
COVID-19 vaccine increased vaccine uptakes in the Czech Republic (32). Our framing
experiment provides causal evidence to support communication campaign designs and adds
evidence from non-Western societies (34-38,46).

The already high baseline intention rate and relatively small sample sizes of the unvaccinated in
the framing arms may be the reason for not detecting statistically significant differences.
However, descriptively, dynamic social norms and safety messages increased the vaccination
intentions of unvaccinated participants, while messages using national and international experts
and efficacy, and pro-social messages, reduced the vaccination intentions. Given previous
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research (34-41,44) and with a caution that only unvaccinated adults participated in our
experiment, and we only found descriptive differences, public health authorities could attempt to
use social norms and safety messages in their immunization communication efforts. Future
research can test messages with physicians or doctors to guide risk communication by public
health authorities, given previous research findings in the Czech Republic (32) and our
insignificant findings about expert messages. Also, there may be other impactful message types
that can be applied in the Middle East and North Africa, such as value-based messages or
messages using different sources, narratives, visuals, and emotional appeals, which future
research can examine (26).

Limitations

This study has limitations which may affect interpretation of the results. First, the study
represents one cross-section in May and June 2021, a time when the COVID-19 pandemic and
vaccine distribution were changing quickly, and this study did not capture how the relationships
between key indicators presented here changed over time. Findings from the cross-sectional
surveys cannot be generalized to other risks, diseases, countries, and/or larger populations,
which future research can examine.

Second, although our participants’ demographics represented the country’s demographics (47),
study participants were recruited via Facebook ads and chose to participate in the survey (e.g.
self-selection bias). Thus, our participants may differ from the overall population in important
and unobservable ways. Caution needs to be applied in interpreting the results. The use of the
Facebook platform disproportionately excluded the poorest and the elderly, who are most
vulnerable to COVID-19. We found that COVID-19 vaccine uptake was predicted by being a
doctor or other health workers excluding nurses or pharmacists. Future research could explore
vaccine uptake among different categories of health workers.

Third, the study used self-reported measures, which could be affected by biases (48,49). The
anonymous nature of the web-based survey may have reduced social desirability bias and may
also suffer from other issues relating to attention and comprehension. However, this study is the
first of its kind conducted after wide availability of the COVID-19 vaccine in Saudi Arabia,
measuring various participant characteristics and testing messages to encourage vaccination.

Conclusion
Although the COVID-19 pandemic showed a decline

in 2023, while countries strived to vaccinate their populations, information about the drivers of
vaccine acceptance and effective risk communication have been powerful tools for policymakers
around the world, including Saudi Arabia (25). To guide risk communication, this study identified
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demographic and behavioural predictors for vaccine uptake, trusted information sources,
perceived vaccine benefits and concerns, and effective messaging. Social media particularly
can be very useful to public health authorities not only to collect timely data and gain insights for
shaping their risk communication, but also to communicate risks with at-risk populations. Our
study demonstrates how public health authorities can collect timely data using social media to
guide their risk communication efforts, and a similar approach could be used for targeting risk
communication efforts. More evidence is needed on the impact of risk communication on
vaccine uptake, as opposed to intentions.
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Utilisation d’enquétes et d'interventions sur les médias sociaux pour lutter
contre la réticence face a la vaccination en Arabiel saoudite
Résumé

Contextel: La réticence face a la vaccination contre la COVID-19 a constitué un défi en Arabie
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saoudite, l'un des pays les plus touchés par la pandémie dans la Région de la Méditerranée
orientale.

Objectifs(: Identifier les besoins d'informations, les avantages pergus, les inquiétudes, les
sources d'informations fiables, les normes sociales et les facteurs prédictifs concernant
I'adoption des vaccins contre la COVID-19 en Arabie saoudite et déterminer les stratégies de
communication efficaces permettant d'augmenter les intentions de vaccination chez les
personnes non vaccinées.

Méthodel: Entre mars et avril 2021, nous avons mené une enquéte transversale en ligne (n =
2883), ainsi qu'une expérience randomisée a l'aide de Facebook Messenger et de publicités
Facebook auprés de participants non vaccinés, parmi ceux ayant participé a I'enquéte
susmentionnée en Arabie saoudite (n = 675). Ces derniers ont consulté aléatoirement un des
cing messages a tonalités différentes, puis il leur a été demandeé s'ils envisageaient de se faire
vacciner contre la COVID-19.

Résultatsl: Au total, 2883 adultes ont participé a I'enquéte. Les cadrages de messages se sont
tous avérés efficaces, sans différence statistiguement significative entre les groupes. Pres de
80 % des participants, indépendamment de la tonalité du message auquel ils ont été exposés,
ont déclaré avoir l'intention de se faire vacciner. Cependant, ils souhaitaient obtenir plus
d'informations sur les vaccins. Prés de 35 % d'entre eux voulaient en savoir plus sur leur
efficacité, 31,5 % sur leur innocuite, 26,8 % s'interrogeaient sur les recommandations des
autorités sanitaires et 3,7 % sur les endroits ou se procurer les vaccins. Les agents de santé
(61,4 %) et les scientifiques ainsi que les épidémiologistes (25,7 %) étaient les sources
d'informations les plus fiables. Les autres sources incluaient les membres de la famille (7,5 %),
les responsables de communauté (2,2 %), les chefs religieux (1,6 %), le cercle amical (1,4 %) et
les célébrités et influenceurs de médias sociaux (0,2 %).

Conclusion(: La réticence face a la vaccination peut étre surmontée grace a la compréhension
des processus de décisions des individus et a |'utilisation d'une stratégie de communication
efficace concernant les risques, adaptée aux besoins de la population.
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