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Abstract

Although previous literature has found significant effects of social media communication (SMC)
on intention to vaccinate, the effect of the sources of SMC has not been explored. To fill this gap,
this study investigates a) the effects of official sources and user-generated SMC on intention
to vaccinate against COVID-19, and b) the mediating effects of perceived vaccine efficacy,
safety, and risk perception on the relationship between SMC and intention to vaccinate against
COVID-19. Online survey data (n = 428) was analysed using structural equation modelling
(SEM). Results revealed that official sources SMC is positively associated with vaccine intention
while user-generated SMC had no significant association. Mediation analysis revealed a partial
mediation effect of perceived vaccine efficacy and safety in the relationship between official
source SMC and intention to vaccinate against COVID-19, while a full mediation effect of
perceived vaccine efficacy and safety was found between user-generated SMC and intention to
vaccinate against COVID-19. The mediating effect of perceived risk was not found.
Keywords: COVID-19 vaccination; social media; perceived vaccine efficacy; perceived vaccine

safety; risk perception; intention to vaccinate
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Introduction

Since their inception, vaccinations have been one of the most powerful tools against communicable
diseases. For the SARS-CoV-2 (COVID-19) virus, a group of rapidly developed COVID-19 vaccines are
considered to be the best solution to stop transmission of the virus. Due to its high transmission rate,
achieving population-level immunity, also called herd immunity, against the virus has been the critical
goal for most countries (Randolph and Barreiro 2020). For instance, to achieve herd immunity against
the Delta variant of COVID-19, scientists have suggested that at least 80% of the population needs to be
vaccinated (McNamara 2021). However, due to i) the emergence of mutant COVID-19 variants (She et
al. 2022), ii) short-duration protective immunity after vaccination or infection (Morens, Gregory, and
Anthony 2022), and iii) challenges of COVID-19 vaccine policy such as supply, equitable access, and
promotion (Forman et al. 2021), whether herd immunity can be achieved via vaccination has become
questionable (Aschwanden 2021; Goldblatt 2022; Morens, Folkers, and Fauci 2022). For these reasons,
scientists argue that not only COVID-19 vaccines but other prevention methods, such as wearing
masks or social distancing, should be applied together to control COVID-19 effectively (Kwon et al.
2021; Bartsch et al. 2022; Galanti et al. 2021). Even with the elusive accomplishment of herd immunity,
COVID-19 vaccines are still considered to be the best effective tools for prevention and control of
COVID-19 (Kadkhoda 2021; Morens, Folkers, and Fauci 2022).
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A growing body of research has suggested that vaccine hesitancy is a major challenge in reaching
population protection against COVID-19. Vaccine hesitancy, which is defined as a delay in acceptance
or refusal of vaccination despite the availability of vaccination services (Wiyeh et al. 2019), has
appeared as a major threat to public health in recent years, and has contributed to the outbreaks
of vaccine-preventable diseases such as measles (Lo and Hotez 2017; Coombes 2017). In the long-
standing vaccine hesitancy debate, social media (hereafter SM) has played a critical role, providing an
effective avenue to communicate both benefits and concerns about the vaccine (Wilson, Atkinson, and
Deeks 2014; Chadwick et al. 2021). Literature regarding the impact of SM on intention to vaccinate
is inconsistent. In some studies, SM has been found to be positively associated with intention to
vaccinate (Ahmed et al. 2018; Benis, Seidmann, and Ashkenazi 2021). On the other hand, some studies
have identified SM as a significant source of misleading information about vaccines, which eventually
contributes to vaccine hesitancy (e.g., Allington et al. 2021, Chadwick et al. 2021).

Despite the numerous studies exploring the impact of SM on intention to vaccinate, there remains
a gap in the literature. Most of the research has regarded all SM communication (hereafter SMC) as
homogeneous, without distinguishing the source of communication. However, literature suggests that
source of health information plays a critical role in shaping intention to vaccinate and beliefs such as
vaccine efficacy and safety (Chen and Stoecker 2020; Hwang 2020). Due to its participatory nature,
SM has unique characteristics, including the fact that there are a variety of sources of communication
(Schivinski et al. 2020). While official sources SMC such as news channels or government accounts
provides scientific evidence about the vaccine, user-generated content that people receive from their
friends and family is widely open to scientifically unchecked opinions (Schivinski et al. 2020), which
can include inaccurate information.

The purpose of this study is twofold. First, the current study aims to fill the gap in the existing
literature by investigating the effects that the sources of SMC have on intention to vaccinate against
COVID-19, focusing on two types of SMC, i.e., official sources SMC and user-generated SMC. Second,
the current study explains the process of how the two types of SMC shape individuals’ beliefs about
vaccination, including vaccine efficacy, vaccine safety, and risk perception of COVID-19, which, in turn,
impact individuals’ COVID-19 vaccine intention. The findings of this study are expected to make
theoretical contributions to the existing literature on the impact of SM on vaccine intention, while

providing insights for public health professionals who want to utilise SM to encourage vaccine uptake.

Hypotheses development

SM sits at the centre of the ‘anti-vaccine movement’ by speeding up the spread of misleading infor-
mation about vaccine, which brings up the recent outbreaks of vaccine-preventable diseases such as
measles (Benecke and Elizabeth DeYoung 2019). Based on a systematic review of empirical research
on individual differences in susceptibility to health misinformation (Nan, Wang, and Thier 2022), SM
use was the most examined behavioural predictor of health misinformation susceptibility. The result
shows that SM use is positively associated with susceptibility to health misinformation, although about
30% of the studies found no relationships. In the realm of COVID-19, scholars have identified the rapid
spread of misleading information such as misinformation (unintentionally misleading information) or
disinformation (intentionally misleading information) about COVID-19 (Dib et al. 2022) through SM
as a major impediment to controlling COVID-19 (Cinelli et al. 2020; Patel, Kute, and Agarwal 2020).
A growing body of research has investigated the relationship between SM and COVID-19 vaccine
hesitancy (e.g., Puri et al. 2020; Wilson and Wiysonge 2020), but results have been inconclusive. One
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stream of research suggests that the use of SM may promote vaccine uptake. For instance, Ahmed et al.
(2018) found that Twitter and Facebook users who use those platforms as a source of health information
were more likely to receive the influenza vaccine than those who did not source health information
on the platforms. Benis, Seidmann, and Ashkenazi (2021) also found that most young people using
SM have positive attitudes towards the COVID-19 vaccination. On the other hand, another stream of
research indicates the negative influence of SM use on vaccine intention. Nan and Madden (2012) found
that people who viewed negative online blogs about the human papillomavirus (HPV) vaccine showed
negative attitudes toward the vaccine and low vaccine intention. Betsch et al. (2010) also confirmed
that exposure to anti-vaccination websites for five to 10 min increased the perception of vaccine risk
and decreased vaccine intention.

One reason for the inconsistency in the findings from previous research may be related to the
use of SM as a source of health information. An extensive amount of literature has confirmed that
sources of health information have influences on an individual’s beliefs and intention about vaccines
(e.g., Gargano et al. 2015; Hwang 2020). For instance, Hwang (2020) found that people who valued
official sources such as medical professionals are positively associated with influenza vaccine intention,
while people who valued SM showed lower vaccine intention. This tendency has been confirmed in
the context of COVID-19. For instance, Allington et al. (2021) found that relying on SM for informa-
tion negatively influenced COVID-19 vaccine intention while SM use frequency did not. A survey
conducted by the Center for Countering Digital Hate (2020), which is based on 3890 U.S. citizens, also
found that people who relied on SM for COVID-19 information, compared to those who relied on
traditional media, showed more hesitancy toward the COVID-19 vaccine.

As a source of health information, SM has unique characteristics that conflate the concept of
information sources (Tandoc 2019). First, news organizations, journalists, and health professionals
share health information on their SM accounts to connect with their audience. Second, laypeople
also contribute to the flow of information by distributing information on SM (Tandoc 2019). While
a considerable amount of research has examined the role of SM on vaccine intention, most of the
research has not focused on this unique characteristic of SM, leaving a gap in the literature. To fill this
gap, the current study considers both official and user-generated SMC in the context of the COVID-19
vaccine.

Persuasive communication literature stressed the role of source credibility in persuasion (Hovland
and Weiss 1951; Petty, Cacioppo, and Goldman 1981; Kelman 1961; Pornpitakpan 2004), which consists
of knowledge and trustworthiness of the message source (Kelman 1961). Compared to user-generated
SMC, official sources SMC (e.g., news organizations, official government communication) are more
likely to disseminate information based on credible sources, such as opinions of health professionals.
Previous studies confirmed the high credibility of news websites as a source of health information
(Featherstone, Bell, and Ruiz 2019; Hwang 2020). Also, health professionals, who are generally consid-
ered reliable sources of health information (Gargano et al. 2015), have been found to play a positive
role in vaccine decisions (Deml et al. 2019; Hwang 2020). Based on this literature, the first hypothesis
is proposed:

H1:Positive evaluations of official source SMC about COVID-19 information positively influence

intention to take the COVID-19 vaccine.

The participatory nature of SM allows ordinary people to co-construct vaccine-related information,
which can be a concern for public health professionals. Furthermore, the anonymity and interactivity

of SM exacerbates the concern as individuals may share inaccurate or misleading information without
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scientific vetting (Zoe et al. 2017; Puri et al. 2020). Considering the nature of SM, user-generated
SMC, compared to the content disseminated by news or government organizations, is more likely to
contain misinformation or disinformation about the COVID-19 vaccine, which may increase people’s
hesitancy to get vaccinated. Furthermore, scholars argue that SM encourages communication between
like-minded individuals, which may lead to an echo-chamber effect that reproduces and expands mis/
disinformation (Térnberg and Bauch 2018; Van Raemdonck 2019). Hence:

H2: Positive evaluations of user-generated SMC about COVID-19 information are negatively

associated with the intention to take the COVID-19 vaccine.

The mediating effects of perceived vaccine efficacy, perceived vaccine safety and risk perception
An individual’s beliefs about vaccine and disease, such as vaccine efficacy, vaccine safety and risk
perception of disease are closely associated with vaccine uptake (Nan, Xie, and Madden 2012; Davis,
Golding, and McKay 2021). For instance, a systematic literature review that examined 23 articles about
influenza vaccination uptake shows that perceived vaccine efficacy and safety are strongly associated
with influenza vaccine uptake (Yeung, Lam, and Coker 2016). Similarly, concerns about the safety and
efficacy of COVID-19 vaccines have been found to increase vaccine hesitancy (Freeman et al. 2020;
Nguyen et al. 2021).

Perceived vaccine efficacy is a belief about the effectiveness of vaccines in preventing corresponding
infection or disease (Nan, Xie, and Madden 2012). Scholars have found that perceived vaccine efficacy
plays a significant role in forming attitudes towards vaccines (e.g., Teo et al. 2019; Freeman et al.
2020; Nguyen et al. 2021). For instance, both Teo et al. (2019) and Mathew, Kothe, and Mullan (2019)’s
studies found that vaccine efficacy was a strong motivator for influenza vaccine uptake among the
older Singaporean population, and U.S. residents, respectively.

Along with vaccine efficacy, safety of the vaccine has been found to be a major concern for people
who are reluctant to get vaccinated against communicable diseases (Schmid et al. 2017; Karafillakis et
al. 2019). In the context of COVID-19, many studies have confirmed the negative effect of perceived
vaccine safety on vaccine intention among the U.S. population (Nguyen et al. 2021), Australia (Rhodes
et al. 2021), and the UK (Freeman et al. 2020).

Risk perception of disease is central to predicting vaccine behaviour as individuals’ high-risk judg-
ments lead to protective behaviours, i.e., vaccination (Brewer et al. 2007; Bish et al. 2011). A systematic
literature review shows that a high perceived risk of contracting the flu is associated with higher
influenza vaccine intention while low or no perceived risk of catching the flu is associated with lower
intention (Bish et al. 2011). Similarly, studies have confirmed that perceiving COVID-19 as high risk
is associated with greater vaccine acceptance (e.g., Salali and Sefa Uysal 2020; Caserotti et al. 2021).
Furthermore, a survey conducted in 12 different countries found that concern about the COVID-19
virus is one of the most consistent predictors for vaccine intention across countries (Kerr et al. 2021).

The prevalence of vaccine-related information on SM shows the importance of SM in shaping beliefs
about vaccines. Indeed, a systematic literature review shows that lack of vaccine efficacy and safety
concerns of vaccine are common in anti-vaccine SM posts in the context of the HPV vaccine (Ortiz,
Smith, and Coyne-Beasley 2019). Furthermore, people who were exposed to negative blogs about the
HPV vaccine showed lower perceived vaccine safety and vaccine intention compared to the control
group (Nan and Madden 2012). Moreover, a positive evaluation of SM as a health information source,
particularly social networking sites and blogs/vlogs, is negatively associated with perceived vaccine

efficacy and safety for the Influenza vaccine (Hwang 2020).
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Interestingly, a positive evaluation of family and friends on SM as a health information source was
negatively associated with perceived vaccine safety, but not with perceived vaccine efficacy (Hwang
2020). On the other hand, individuals’ risk perceptions about disease are also influenced by SM. For
instance, research by Huynh (2020) indicated that frequent SM use was associated with higher risk
perception of COVID-19. Furthermore, exposure to COVID-19 information on SM is associated with
higher risk perception of COVID-19 (Rivas et al. 2021). Based on this literature, individuals’ beliefs
about the COVID-19 vaccine and risk perception are expected to mediate the relationship between the
evaluation of SMC and vaccine intention. This leads to the following hypotheses:

H3:Perceived vaccine efficacy mediates the relationship between the evaluation of official source

SMC and intention to take COVID-19 vaccine.

H4: Perceived vaccine safety mediates the relationship between the evaluation of official source

SMC and intention to take COVID-19 vaccine.

Hb5: Risk perception mediates the relationship between the evaluation of official source SMC and

intention to take COVID-19 vaccine.

Hé: Perceived vaccine efficacy mediates the relationship between the evaluation of user-gener-

ated SMC and intention to take COVID-19 vaccine.

H?7:Perceived vaccine safety mediates the relationship between the evaluation of user-generated

SMC and intention to take COVID-19 vaccine.

Hs: Risk perception mediates the relationship between the evaluation of user-generated SMC

and intention to take COVID-19 vaccine.

Methods

Participants and procedure

The data for this study were collected via an online survey at Qualtrics.com. Similar to previous studies
on social media (e.g., Schivinski, Langaro, and Shaw 2019; Schivinski et al., 2020; Langaro et al., 2022),
the current study used convenience and snowball sampling techniques. The survey was administered
in English and disseminated through Facebook such as location-based Facebook groups or personal
Facebook pages. None of the Facebook groups were related to COVID-19 or COVID-19 Vaccines. To
avoid any bias, researchers did not share their own views about COVID-19 or COVID-19 vaccines, or
personal vaccination status, on any of these sites. Respondents were invited to participate in the study
and upon completion of the survey, they were requested to further help with the dissemination of the
survey link on their social media profiles. The latter procedure makes it not possible to compute the
response rate for the study.

Note that at the time of the data collection, late August 2021, Australia had started a national
COVID-19 vaccination campaign. The national average of vaccines was under 60% for the first dose
and around 35% for two doses. Booster shots were not available to the population at the time of
data collection. The respondents’ eligibility for the study was established by their current country of
residency (i.e., Australia; Yes/No) and age. Only participants who declared to be living in Australia and
older than 16 years old were qualified for the study because at the time of the survey in early September
2021, in Australia, people aged 16 and over were eligible for COVID-19 vaccination. A total of 554
surveys were collected. Finally, the study was approved by the Ethics Committee at (name of Institution

omitted for blind review purposes). To comply with ethical standards of research with individuals, the
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survey was designed to intentionally allow respondents to skip questions. Therefore, missing data was

expected. This is addressed in the data management subsection.

Measures

To assess the sample sociodemographic, vaccination profile, and SM use characteristics we used
questions about gender, age, residency in Australia, education, employment, vaccination status and
preferences (i.e., producent), and preferred SM platform. Furthermore, in line with the literature on SM
research (Schivinski et al. 2020), the frequency of SM usage was inspected by following question: In
the past week, on average, approximately how much time have you spent using SM?". The respondents
were also asked to provide an estimate of the number of people during the past month with whom
they talked on SM about vaccine.

Official source SMC was captured using a scale of 4 items measuring the levels of satisfaction,
expectance, attitudes, and perceptions adapted from Schivinski and Dabrowski (2016). The items were
rated on a 5-point Likert scale ranging from strongly disagree (1) to strongly agree (5). In the present
study, the official source SMC scale exhibited adequate levels of internal consistency with Cronbach’s
alpha above the threshold of 0.70 (Claes and Larcker 1981) (a = 0.87).

User-generated SMC was captured by adapting Schivinski and Dabrowski (2016) 4-items scale. This
scale captures the levels of satisfaction, expectance, attitudes, and perceptions towards user-generated
SMC regarding vaccines. The items were rated on a 5-point Likert scale ranging from strongly disagree
(1) to strongly agree (5) (o = 0.90).

Perceived vaccine efficacy and safety was captured by the Oxford COVID-19 vaccine confidence and
complacency scale (Freeman et al. 2020). Perceptions of vaccine efficacy were captured using an 8-item
scale covering aspects such as strengthening the individual and collective immunization, freedoms, and
the overall efficacy of the vaccine for the individual and population (o = 0.88). Perceptions of vaccine
safety were measured with a 6-item scale encompassing aspects such as the speed of developing the
COVID-19 vaccine, the side effects of the vaccine, and the perceptions of COVID-19 vaccine (o = 0.84).
Both scales were rated on a 5-point Likert scale ranging from strongly disagree (1) to strongly agree (5).

COVID-19 risk perception was measured using a 6-item scale adapted from the Middle East respi-
ratory syndrome risk perception scale — MERS (Yang and Cho 2017). The scale covers aspects related
to contraction of the virus from patients and non-patients, and the effects of the virus on the health
at the personal and community levels. The adapted COVID-19 risk perception scale was rated on a 5-
point Likert scale ranging from strongly disagree (1) to strongly agree (5) (o = 0.82).

Finally, the respondents’ intention to take the COVID-19 vaccine was measured with a 3-item scale
adapted from Huynh and Senger (2021). Given that some people had already taken two doses of the
vaccine, the survey asked respondents to reflect their intentions for future COVID-19 vaccination,
including boosters, regardless of their current vaccination status. A list of items and their descriptive
statistics is presented in the Appendix A. Like the previous scales, the COVID-19 vaccine intention

was rated using a range from strongly disagree (1) to strongly agree (5) (a = 0.85).

Data management
The management of the data had three steps, i.e., (i) inspection for missing values; (ii) assessment for
univariate normality; and (iii) screening for univariate and multivariate outliers.

In terms of missing values and accuracy, the data were inspected through the Little’s missing
completely at random (MCAR) test with the package BaylorEdPsych (R Package for Baylor University
Education Psychology Quantitative Course Version 0.5, Baylor University, Waco, TX, USA) in R system
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for statistical computing Version 4.1.1 (Kick Things; https://www.r-project.org). Little’s MCAR test was
statistically nonsignificant (p-value = 0.16), therefore, demonstrating that data are missing at random.
Furthermore, a total of 126 (22.7%) cases were excluded from the analyses due to missing =6 items
of the survey. Univariate normality was assessed by the skewness and kurtosis for each item of the
survey. The calculations demonstrated that no item had absolute values of kurtosis >8 or skewness
>3 (Kline 2015). Skewness and kurtosis are reported in the Appendix A. The test for univariate
outliers included the computation of standardized composite sum scores for all the latent variables in
the survey. Following the guidelines from the literature, the respondents were considered univariate
outliers if scored +3.29 standard deviations from a latent variable z-score (Field 2013). No data was
eliminated due to univariate outliers. To evaluate the data for multivariate outliers, we computed the
Mahalanobis’ distances and the critical value for each case, which did not result in the exclusion of

respondents. The abovementioned procedures yielded a final sample of 428 (77.3%) respondents.

Statistical analyses

The statistical analyses encompassed the following tests, i.e., (i) descriptive statistics of the data;
(ii) confirmatory factor analysis across the main variables; (iii) mediation analysis using structural
equation modeling (SEM). All the analyses were executed using R system for statistical computing.
The descriptive analyses used the package psych (Procedures for Psychological, Psychometric, and
Personality Research, Version 2.1.6). The package lavaan (Latent Variable Analysis, Version 0.6-9) was

used to fit the structural equation models.

Results

Descriptive statistics

The proportion of females consisted of 53.2% of the sample (n = 228). The mean age of the respondents
was 46.22 (DS = 16.44) within a range from 16 to 79 years old. All the samples declared they lived
in Australia. Most of the respondents declared that they lived in Victoria 51.6% (n = 221), followed
by New South Wales 20.3% (n = 87). Regarding their education, 32.7% (n = 140) of the respondents
had received a high school degree, 51.3% (n = 221) declared to have completed at least some college
education, whereas the remainder of the sample had obtained a diploma/certificate degree 23.5% (n =
101). Most of the participants declared to be employed 88.5% (n = 379).

Regarding their vaccination status, 27.3% (n = 117) of the respondents declared to have received a
first dose of COVID-19 vaccine, 46.9% (n = 201) had received two doses, and 17.9% (n = 77) had not
received any dose by the day of the survey. The vaccination rate was closely aligned with the national
vaccination rates in Australia when the study was conducted. The most popular vaccines received
were Pfizer 45.3% and AstraZeneca 42.2%. Most of the respondents 38.7% (n = 166) declared to spend
more than 3 hours a week on social platforms. Facebook was the most used SM channel (n = 300;
70%), followed by Instagram (n = 79; 18.4%). Finally, the average estimated number of people, to which
respondents declared to have talked to on SM about vaccine during the past month prior to taking the
survey, was M = 16.74 (SD = 30.78).

Confirmatory factor analysis

The confirmatory factor analysis (CFA) with the maximum likelihood algorithm (ML) was used to test
for convergent and discriminant validity of the investigated variables. Regarding the unidimensionality
of the CFA model, the items were stipulated to load into their factors. The error terms were indepen-

dent; the factor loadings (completely standardized lambda X) were statistically significant and greater
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than 0.60 except for perceived vaccine safety Ajeme= 0.12 “Taking a COVID-19 vaccine will make me feel
like a guinea pig’ and perception of COVID-19 risk Ajems= 0.05 ‘Even if I fall ill with other ailments, I
will avoid going to hospital because of COVID-19". Both items were removed from the analyses. There
was no evidence of cross-loadings after computing the model without the abovementioned items. The
tests evidence convergent validity (Kline 2015).

Regarding the discriminant validity of the CFA model, the average variance extracted (AVE) for
each construct was computed. The AVE scores were equal or above the suggested threshold of 0.50
(Bagozzi and Yi 1988). Furthermore, the square roots of the AVEs were higher than the correlations
across the constructs, hence evidencing discriminant validity (Kline 2015).

The goodness-of-fit (GOF) of the CFA model was evaluated using the comparative fit index (CFI),
the Tucker-Lewis index (TLI), and the root mean square error of approximation (RMSEA; reported
with 90% confidence interval) fit indices. Thresholds for a good model fit are values above 0.90 for CFI
and TLI and below 0.08 for RMSEA (Kline 2015). The chi-square test statistic and degrees of freedom
are also reported, although they are not directly indicative of GOF. The GOF values for the CFA model
demonstrate a good fit to the data (MLY? (362= 800.50, CFI = 0.95, TLI = 0.94, and RMSEA = 0.05 (90%
CI [0.04-0.05]).

To further establish the reliability of the scales and constructs, we computed the composite relia-
bility (CR) coefficient (Kline 2015). The recommended threshold for CR is 0.70 and in the current study
the values ranged from 0.83 to 0.92, therefore further supporting the internal consistency of the scales.

Table 1 summarizes the CFA analysis.

Table 1. Construct reliability and validity outputs.

Construct a CR AVE 1 2 3 4 5 6
1. Official source SMC 0.87 0.88 0.66 0.81

2. User-generated SMC 090 090 0.69 0.40 0.83

3. Vaccine efficacy 0.88 0.83 050 033 0.17 0.71

4. Vaccine safety 084 092 061 029 021 0.72 0.78

5. COVID-19 risk perception 082 0.86 056 023 0.06 0.74 0.59 0.75

6. Intention to take COVID-19 vaccine 0.85 0.89 0.73 0.28 0.14 0.84 0.60 0.67 0.85

Note: SMC = Social media communication, Vaccine = COVID-19 vaccine; o = Cronbach’s alpha, CR = composite reliability, AVE = average
variance extracted; The square root of the AVE values is reported in italic; GOF: MLy?,) = 800.50, CFI = 0.95, TLI = 0.94, RMSEA = 0.05
(90% CI = 0.04—0.05); n = 428.

Structural analysis
Structural equation modeling with mediation analysis was used to test the direct and indirect relation-
ships. Gender, age, and social media usage were defined as control variables and were regressed on
intention to take the COVID-19 vaccine. Intention to take the COVID-19 vaccine was specified as
the dependent variable and it was regressed on sources of SMC (official sources and user-generated,;
independent variables). The mediators were vaccine efficacy, vaccine safety, and COVID-19 risk
perception. The model was calculated as a single structural model, which included all dependent,
independent, and mediators. The estimations of effects, both direct and indirect, were computed using
5000 bootstrap draws.

The structural model yielded the following GOF indices: MLy? s60= 1286.66, CFI = 0.91, TLI = 0.90,
and RMSEA = 0.06 (90% [CI 0.06-0.07]). To improve the readability of this paper only the effects related
to the hypotheses and control variables are described. The main coefficients and additional statistics

(e.g., a- and b-paths, total effects) are presented in Table 2.
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Table 2. Structural results.

Hypothesis Beta t-value/95% CI p-value
Direct effects

H1. Official source SMC — intention to take COVID-19 vaccine 0.05 1.63 0.10
H2. User-generated SMC — intention to take COVID-19 vaccine -0.01 -0.16 0.87
a-path 1. Official source SMC — vaccine efficacy 0.29 5.97 0.001
a-path 2. Official source SMC — vaccine safety 0.28 5.89 0.001
a-path 3. Official source SMC — COVID-19 risk perception 0.20 4.15 0.001
a-path 4. User-generated SMC — vaccine efficacy 0.14 2.60 0.01
a-path 5. User-generated SMC — vaccine safety 0.15 2.94 0.003
a-path 6. User-generated SMC — COVID-19 risk perception 0.04 0.08 0.94
b-path 1. Vaccine efficacy — intention to take COVID-19 vaccine 0.57 10.29 0.001
b-path 2. Vaccine safety — intention to take COVID-19 vaccine 0.15 3.08 0.001
b-path 3. COVID-19 risk perception — COVID-19 vaccine intention 0.06 1.46 0.14
Indirect effects (indirect f, 95% CI)

H3. Official source SMC — vaccine efficacy — intention 0.16 0.09-0.24 0.001
H4. Official source SMC — vaccine safety — intention 0.04 0.01-0.08 0.005
HS5. Official source SMC — COVID-19 risk perception — intention 0.01 -0.01-0.03 0.17
Hé6. User-generated SMC — vaccine efficacy — intention 0.08 0.01-0.14 0.01
H7. User-generated SMC — vaccine safety — intention 0.02 0.01-0.04 0.03
H8. User-generated SMC — COVID-19 risk perception — intention 0.01 -0.01-0.01 0.93
Total effects

Official source SMC — intention to take COVID-19 vaccine 0.28 5.77 0.001
User-generated SMC — intention to take COVID-19 vaccine 0.09 1.88 0.06
Control variables

Age — intention to take COVID-19 vaccine -0.03 -1.06 0.28
Gender — intention to take COVID-19 vaccine 0.01 0.27 0.78
Social media usage — intention to take COVID-19 vaccine -0.02 -0.29 0.80

Notes: SMC = Social media communication, Vaccine = COVID-19 vaccine; GOF: MLy (354 = 1286.66, CFI = 0.91, TLI = 0.90, and RMSEA =
0.06 (90% [CI 0.06-0.07]); Ind.Beta = indirect Beta, 95% CI = 95% confidence interval; Bootstrap sampling = 5000; apath = direct structural

path from independent variable to mediator, bpath = direct structural path from mediator to dependent variable; n = 428.

While social media usage was found to be statistically non-significant (p-value = 0.80), the findings
also indicated that gender (p-value = 0.78) and the age of the participants (p-value = 0.28) were statis-
tically non-significant regarding their intention to vaccinate, therefore not discriminating intentions
of younger and older participants.

Regarding H1, there was a positive direct effect of official sources SMC on COVID-19 vaccine
intention (f = 0.05, p-value = 0.10). On the other hand, the influence of user-generated SMC on
COVID-19 vaccine intention (H2) was not statistically significant (p-value = 0.87).

The next set of hypotheses anticipated indirect (mediational) effects of both sources SMC on
COVID-19 vaccine intention through vaccine efficacy, vaccine safety, and risk perception. H3, which
anticipated vaccine efficacy to mediate the relationship between official sources SMC and COVID-19
vaccine intention, was supported (ind.f = 0.16, p-value < 0.001). Following, H4 predicted vaccine safety
to mediate the relationship between official sources SMC and COVID-19 vaccine intention. The results
supported H4 (ind. = 0.04, p-value = 0.005). The mediating effect of risk perceptions on the relationship
between official sources SMC and vaccine intention (H5) was found to be non-significant (p-value =
0.17), rejecting H5. In summary, the effects of official SMC on COVID-19 vaccine intention are partially
mediated by vaccine efficacy and safety.

For Hé, the mediating effect of vaccine efficacy on the relationship between user-generated SMC
and vaccine intention was significant (ind.f = 0.08, p-value = 0.01). For H7, it was expected that vaccine

safety would mediate the relationship between user-generated SMC and COVID-19 vaccine intention.
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The computations supported H7 (ind. f = 0.02, p-value = 0.03). Finally, the calculations did not support
HS3; hence, the indirect effect of risk perceptions on the relationship between user-generated SMC and
COVID-19 vaccine intention was not statistically significant (p-value = 0.93). Altogether, the effects of
user-generated media communication on COVID-19 vaccine intention are fully mediated by vaccine
efficacy and safety.

The structural model accounted for 73% of the variance (R?) in COVID-19 vaccine intention, 14% of
the variance for the perceptions of vaccine efficacy, 12% for vaccine safety, and 8% of the variance of
COVID-19 risk perception.

Discussion

The present study contributes to the literature on the effect of SM on vaccine attitudes by focusing
on the sources of SMC. Whereas previous literature has considered all SMC (e.g., Ahmed et al. 2018;
Benis, Seidmann, and Ashkenazi 2021; Chadwick et al. 2021), including unofficial sources of health
information that may circulate misleading information about COVID-19 vaccines, the current study
focuses on the fact that official sources such as news organizations or government also use SM to
disseminate verified vaccine information. By examining the effect of both sources SMC on vaccine
intention, our findings revealed that official source SMC is positively associated with vaccine intention,
while user-generated SMC has no significant association with vaccine intention. This result is incon-
sistent with previous research that has found a negative association between the use of SM as a health
information source and vaccine intention (Hwang 2020; Allington et al. 2021). By showing the positive
association between official source SMC and vaccine intention, the current findings reveal that the
sources of SMC, not just the use of SM for health information, matter in predicting vaccine intention.
In addition, this finding suggests that the lack of consideration of different sources of SM could be the
reason for the inconsistent literature. Indeed, previous literature has focused either on the general use
of SM (e.g., Nan and Madden 2012; Ahmed et al. 2018; Wilson and Wiysonge 2020) or on the use of
SMC as a source of health information (Allington et al. 2021; Hwang 2020), without considering the
sources of SMC.

The results of the study provide empirical evidence supporting the mediating role of perceived
vaccine efficacy and safety in the relationship between SMC and vaccine intention. Specifically, a
partial mediation effect of perceived vaccine efficacy and safety was found in the relationship between
official source SMC and COVID-19 vaccine intention, while a full mediation effect of perceived vaccine
efficacy and safety was found for the relationship between user-generated SMC and COVID-19 vaccine
intention. This finding implies that it is important to consider individuals’ perceptions of the vaccine,
particularly vaccine efficacy and safety, along with SMC to encourage vaccine uptake. The importance
of providing verified information to reduce misleading information about vaccine efficacy and safety
has been noted by an ample body of literature (e.g., Biasio et al. 2021; French et al. 2020). Indeed, a
simple intervention providing information about the efficacy and safety of the COVID-19 vaccine was
found to increase COVID-19 vaccine intention (Davis, Golding, and McKay 2021). However, due to its
interactive nature and the lack of editorial curation or scientific vetting (Puri et al. 2020), SM has long
been considered a source of misleading information that may increase mistrust of vaccines. However,
our findings suggest that SM, regardless of its source, can be an effective venue to increase perceived
vaccine efficacy and safety, which will increase intention to vaccinate against COVID-19. On the other
hand, the hypothesized mediating effect of the perceived risk of COVID-19 in the relationship between

both official and user-generated SMC on intention to vaccinate was not found. While official source
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SMC predicted higher risk perception, this did not result in intention to vaccinate. Thus, the results of
the mediation analysis revealed that increasing perceived vaccine efficacy and vaccine safety, rather
than the perceived risk of COVID-19, would be more effective in increasing COVID-19 vaccine uptake.

Our findings show an insignificant effect of user-generated SMC on COVID-19 vaccine intention.
Although user-generated SMC failed to influence COVID-19 vaccine intention directly, the full medi-
ating effect of perceived vaccine efficacy and safety shows that user-generated SMC shapes individuals’
perceptions about vaccine efficacy and safety, through which SM users can increase their COVID-19
vaccine intention. Interestingly, the positive indirect effects of user-generated SMC on intention to
vaccinate via perceived vaccine safety and vaccine efficacy contradict Hwang (2020)’s study that found
a negative indirect effect of SMC from friends and family regarding vaccine efficacy on influenza
vaccine intention. The inconsistency may be attributed to the fact that the two studies adopted different
contexts, e.g., seasonal influenza and COVID-19, respectively. Also, Hwang (2020)’s study measured
SM use as a general health information source, not a source of vaccine information specifically. Thus,
the inconsistent finding implies that i) the mechanism underlying the COVID-19 vaccine behaviour
might be different from the mechanism of influenza vaccine behaviour, and ii) using SM as a source of
general health information or a source of COVID-19 vaccine information may have different impacts

on intention to vaccinate.

Practical implications

The current study has important implications for health agencies and practitioners interested in
finding effective ways to encourage vaccine uptake by using SM to deliver verified information about
vaccines. The positive association between official source SMC and intention to vaccinate implies that
any organization involved in public health needs to use SM actively (Dmitri et al. 2021), acting as a
credible source for vaccine information. Due to the abundance of misleading information and anti-
vaccine content, SM has long been considered an unreliable platform to discuss vaccine information.
Contrary to this perception, our findings indicate that high credibility of official sources can be trans-
ferred to SM and make SM an effective avenue to connect with individuals who seek vaccine-related
information.

It is recommended for public health communicators to not only use SM but focus on making user-
generated content and share accurate information about vaccine efficacy and safety. The full mediation
effect of perceived vaccine efficacy and safety on the relationship between user-generated SMC and
intention to vaccinate implies that even user-generated content helps shape positive attitudes towards
vaccines if the content can increase vaccine efficacy and safety perceptions among SM users. Consid-
ering the positive effect of official source SMC, encouraging SM users to share content from official
sources with their friends and family would be effective in shaping positive perceptions about vaccine

efficacy and safety.

Limitations and suggestions for future research

Although this study contributes to the literature on intention to vaccinate, the current findings are
qualified by several limitations. First, the present study investigated only two types of SMC, i.e., official
source and user-generated SMC. Future studies that consider subcategories of the two types of SMC
would contribute additional implications to the literature. For instance, vaccine-related information
from news organizations’ SM accounts and vaccine-related information from government SM accounts
may have a different level of credibility, which could influence intention to vaccinate. Furthermore,

given the fact that SM users often modify, or share content from official sources, user-generated content
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that is completely created by users without any references to credible sources might have a different
effect (Schivinski and Dabrowski 2016), compared to user-generated content that contains information
from credible sources.

Second, all data in the present study are cross-sectional, which means it is impossible to make
causal inferences between SMC and intention to vaccinate. Furthermore, the data of the present study
were collected in August 2021. Since then, people’s perceptions of COVID-19 vaccines might have
changed. For instance, experts argue that vaccine fatigue, which is defined as ‘people’s inertia or
inaction towards vaccine information or instruction due to perceived burden and burnout’ (Zhaohui et
al. 2022), may have an impact on booster uptake (Zhaohui et al. 2022; Brunson 2022). For these reasons,
future research that adopts a longitudinal design is recommended. Research has also indicated that
the consumers’ perceptions of SMC are complex (Schivinski et al. 2022). Researchers could extend the
presented findings by exploring different mediators, moderators, and moderated mediation models.
Such research would enrich the literature by demonstrating which circumstances, mediated relation-
ships are stronger/weaker, a paramount factor when developing health communication interventions.

Third, the current study did not focus on exploring differences across groups. Future research
could address this limitation by investigating the perceptions and behaviours of vaccinated and non-
vaccinated individuals. Lastly, this study used an Australian sample, which was non-representative
of the country’s population. Future studies with representative samples from different countries are
required to provide generalizability to the current findings. Indeed, reasons for refusing vaccines are
quite complex, requiring contextual understanding such as geographical and cultural factors (Sarah,
O’callaghan, and Offit 2020). For instance, the availability and prominence of official sources SMC
may vary by country. Future research should consider the impact of different levels of official SMC

availability on the relationship between official SMC and intention to vaccinate.
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Appendix A
Descriptive statistics for the constructs and measurements

Constructs and measurements Stand. factor loading (A.) Mean SD Skewness Kurtosis

Official sources of social media communication
I am satisfied with their social media communications 0.90 2.80 1.21 0.04 -0.96

about the vaccines

The level of their social media communication about the 0.83 2.86 1.18 -0.10 -0.82
vaccines meets my expectations
The level of information they provide about the vaccines 0.83 279 118 0.05 -0.92

on social media is very good

Official social media communications about the vaccines 0.70 299 1.19 -0.07 -0.78
perform well when compared with other types of

communications, e.g., TV, radio, newspapers

User-generated social media communication

I am satisfied with their social media communications 0.90 279 111 -0.03 -0.60

about the vaccines

The level of their social media communication about the 0.85 2.86 1.05 -0.15 -0.41
vaccines meets my expectations
The level of information they provide about the vaccines 0.87 272 113 0.04 -0.66

on social media is very good

Social media communications about the vaccines from 0.71 276 1.13 -0.01 -0.66
family and friends perform well when compared with

official social media communications

Vaccine hesitancy: vaccine efficacy

It will be helpful for my community if I get a COVID-19 0.92 4.57 1.06 -2.65 5.93
vaccine

It will save lives if I get a COVID-19 vaccine 0.93 439 1.13 -2.04 3.21
It will be dangerous if people over 16 don’t get a 0.81 421 124 -1.61 1.45
COVID-19 vaccine

A COVID-19 vaccine will strengthen my immune system 0.70 3.98 1.32 -1.13 0.08
Taking a COVID-19 vaccine will give me greater freedom 072 432 1.08 -1.89 3.01
I think I will be infected with COVID-19 over the next 12 0.62 2.85 1.08 -0.01 -0.60
months

A COVID-19 vaccine will work for everyone 0.68  3.33 1.32 -0.36 -1.08
A COVID-19 vaccine will work for me 0.84 4.38 1.06 -1.92 3.08
Vaccine hesitancy: vaccine safety

The speed of developing and testing COVID-19 vaccines 0.62 3.19 117 -0.21 -0.44
means they will be good

The speed of developing and testing COVID-19 vaccines 0.66 3.33 1.24 -0.27 -0.71
means they will be safe

Getting a COVID-19 vaccine is a sign of personal strength 0.72 3.20 1.28 -0.31 -0.74
I expect that receiving a COVID-19 vaccine will be hardly 0.75 3.59 1.23 -0.49 -0.80
noticeable

The side effects of a COVID-19 vaccine are mild 0.78 3.80 1.22 -0.90 -0.15
Taking a COVID-19 vaccine will make me feel like a - 4.24 1.22 -1.43 0.73

guinea pig”
COVID-19 risk perception

I think I will contract COVID-19 if I come into contact 0.92 3.93 1.04 -1.08 0.87
with a COVID-19 patient

I think that I might contract COVID-19 even if I do not 0.89 2.33 1.28 0.57 -0.89
come into contact with a COVID-19 patient

My health will be severely damaged if I contract COVID-19 0.60 3.77 1.14 -0.92 0.22
I think COVID-19 is more severe than any other 0.62 3.86 1.28 -0.97 -0.19
respiratory disease

Even if I fall ill with other ailments, I will avoid going to - 2.09 1.28 0.83 -0.68
hospital because of COVID-19*

COVID-19 will inflict serious damage on my community 0.67 418 1.15 -1.49 1.38
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Constructs and measurements Stand. factor loading (A\,) Mean SD Skewness Kurtosis
Intention to take the COVID-19 vaccine

Tintend to take a COVID-19 vaccine 0.88 4.66 0.96 -2.95 7.74
If I had the opportunity to take a COVID-19 vaccine today, 0.81 455 1.13 -2.45 4.60
I would take it

I plan to take a COVID-19 vaccine 0.88 4.63 0.99 -2.80 6.75

* Item removed from the analyses (see Confirmatory factor analysis).
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