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Abstract. Vaccine hesitancy represents a barrier to public health efforts aiming to
mitigate the pandemic by performing global interventions. One of the reasons
behind vaccine hesitancy is mistrust towards the health system that partially
originated due to the misinformation shared over the internet. This study examined
the association between the credibility of the sources regarding the COVID-19
vaccine posted on social media and the vaccination rate at the state level in the
United States. Study findings suggest that sharing more Facebook posts with links
to low-credibility sources about vaccination is associated with a lower number of
new vaccinations at the state level in the US. This indicates an urgent need for
social media-leveraged interventions through which public health officials can
share reliable information to educate populations about vaccine benefits and
reduce vaccine hesitancy.

Keywords. Social media, misinformation, vaccine hesitancy, covid-19

1. Introduction

The World Health Organization (WHO) declared COVID-19 a pandemic on March 11,
2020 [1]. However, doubts about the reliability and effectiveness of the quickly
developed vaccines have caused a significant number of US citizens to indicate
a reluctance to become vaccinated against COVID-19 in addition to a section of the
population that opposes immunizations [2].

Misinformation plays a significant role in vaccine reluctance. Moreover, many
people use social media to find information and news [3], making these platforms
suitable environments for the rapid spread of false information, yielding a high
probability that individuals will come across misleading information regarding
vaccination [4]. Also, vaccine hesitancy in Jordan and Kuwait was shown to be
significantly impacted by social media rumors [5]. Furthermore, individuals tend to
believe in conspiracy and religious misinformation, which makes them avoid proposed
behavioral guidelines [6]. Therefore, social media disinformation is powerful in
reducing vaccination coverage over time [7] while raising public health concerns
regarding the impact of anti-vaccination content on platforms that increase vaccine
hesitancy [8]. Thus, this study aims to provide more insights into the effect of
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misinformation spread on social media regarding the credibility of the sources that are
shared over the network while also measuring the impact of social determinants of
health (health literacy and social vulnerability index) and US state race and ethnicity
composition. To accomplish that, data were collected from Facebook, one of the most
popular social media platforms, and each post URL was labeled with its credibility.
Finally, a regression model was used to test the formulated hypothesis.

2. Methods
2.1. Data Collection

This study examines how the presence of low-credibility sources on social media is
associated with the vaccination rate at the state level in the US. Therefore,
CrowdTangle [9] was used to collect Facebook posts, which is a social media listening
platform allowing academics to collect posts from the most influential Facebook pages
and public groups. Therefore, for each state in the US, we queried CrowdTangle using
the set of keywords previously developed in another study to collect vaccine-related
posts on Twitter [10]. In addition, only posts written in English and those shared in
2021 were selected. The reason behind analyzing only posts in English is the variety of
sources that other language speakers might use to obtain information (e.g., the Spanish-
speaking population might use different sources than the English-speaking population).
Therefore, the final dataset consisted of 858,622 English Facebook vaccine-related
posts that contained links other than www.facebook.com.

The next step required labeling the data URLs shared within posts with their
credibility. A low label was assigned to all posts that contained a link to the website
classified as mixed or low credibility. In contrast, a high label was given to all posts
that included a website that was classified as high-credibility according to source
credibility lists collected by OSoMe [10] utilizing the Iffy+ Misinfo/Disinfo list created
by Iffy.news [11]. Finally, all posts that contained a link to the source not present in
any of these lists were labeled as unknown. The total number of unique URL sources in
the Facebook dataset is 641,602. The number of unique high-credibility sources in the
dataset is 58,466 (9.1%), while the number of unique low-credibility sources is 5,947
(0.9%). Posts containing unknown sources were discarded from the analysis as they
could impact the results due to no indication of their credibility. Consequently, the
dataset size was reduced to 95,578 Facebook posts containing 64,413 unique URLs.

2.2. Hypothesis Formulation

As shown in previous studies, misinformation spread on social media might negatively
affect vaccination acceptance. Therefore, this study compares the impact of low-
credibility posts with the impact of high-credibility sources on new weekly
vaccinations in the US states. Thus, the study tests the following hypothesis:

States in the US with more Facebook posts with low-credibility sources and fewer
posts with high-credibility sources tend to have lower vaccination rates.

2.3. Variables

The vaccination increase (new vaccinations) per week is used as a dependent
variable in the statistical model, as the research aims to pinpoint the correlation
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between new weekly vaccinations per state with respect to the credibility of social
media sources posted in the same state. Vaccination rate is obtained from Our World in
Data [12], and the measure wused is a weekly increase in
total vaccinations_per _hundred, which is the total number of doses administrated per
100 people in the total population of the state.

Health Literacy (HL) is the ability to locate, comprehend, and use the
information required to make necessary health-related decisions [13], which can have
an effect on the choice of sources where individuals look for health-related
information. HL was collected from the University of North Carolina at Chapel Hill
[14].

Social Vulnerability Index (SVI) is a measure of negative consequences for a
society whenever outward tension appears to have an impact [15]. Therefore, SVI has
emerged to be a control variable in this study as it can play a significant role in the US
vaccination rate. The data was collected from CDC/ATSDR [15].

Race and Ethnicity Composition is the proportion of the population with regard
to the distinct racial groups residing within the US (percentage of Hispanic, Asian, or
Black population per state). Thus, these measures are used as control variables in
statistical models as they might have an impact on vaccine hesitancy at the state level.
Data was downloaded from the United States Census Bureau [16].

The independent binary variable used in the regression analysis is credibility,
which contains two categories: low and high. The distribution of low-credibility and
high-credibility sources per state is presented in Figure 1.
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Figure 1. The distribution of low-credibility and high-credibility sources in 2021 per state.

As shown in Figure 1, certain states contain a larger number of low-credibility
sources compared to other states raising concerns about what other factors (e.g., SVI &
HL) might have led to this phenomenon and the effects that this might have on the
vaccination rate in these states.
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3. Results

In the final dataset, each post contained the following attributes: credibility, state and
week of the year when the post was shared, new vaccinations in that state in that week,
HL, SVI, and race and ethnicity composition of that state. Therefore, a linear regression
model was employed with the new vaccinations as a numeric dependent variable. In
addition, the binary independent variable used in the model is credibility being /ow or
high, while all control variables were included in the model. Moreover, standard errors
were clustered by state and week to avoid any data dependence occurring due to the
data repetition that could potentially impact the results. The model revealed a
statistically significant relationship between new weekly vaccinations and source
credibility. In more detail, a significant negative relationship implies that the presence
of low credibility sources at the state and weekly level is associated with a lower
number of new weekly vaccinations compared to the presence of high credibility
sources, which are associated with a higher number of new weekly vaccinations (p <
0.001). The results of the regression model are presented in Table 1.

Table 1. The association between source credibility and new weekly vaccinations.

Variable Estimate Std. Error P- value

Credibility - Low -0.41 0.09 P <0.001

Health Literacy 0.03 0.06 0.6
SVI -1.56 1.09 0.15

Hispanic Population 1.9 1.24 0.13
(%0)

Black Population (%) 0.07 1.35 0.96

Asian Population (%) -0.002 2.61 0.99

4. Discussion

The negative correlation between low-credibility sources and new vaccinations might
indicate that social media users in certain areas do not distinguish between low and
high-credibility sources, or they might not be aware of where to search for reliable
health-related information. Surprisingly, HL, SVI, and race and ethnicity composition
did not yield any significance in the model. The reason behind it might be that the
effect of credibility is much higher compared to mentioned control variables, or it is
due to the generally low number of states. This is the first study that establishes a
connection between post credibility on Facebook and new weekly vaccinations at the
state level in the US. The study findings emphasize the importance of social media
listening, which should be utilized in future emergencies to develop interventions in
real-time and rapidly overcome the crisis.

Intuitively, this study contains certain limitations. For example, posts collected are
only in English and they only belong to Facebook pages and public groups, so they do
not provide any insight into the credibility of the sources that are shared by the general
Facebook population. Moreover, detecting misinformation relies on URL credibility,
discarding a big portion of the data that does not contain any URLSs.
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5. Conclusions

Even though vaccination represents one of the most effective ways to combat the
pandemic, vaccine hesitancy is a big problem for public health officials. This study
examined the association between the credibility of the sources posted on Facebook
and the vaccination rate at the state level in the US. Despite the obvious limitations of
this study, statistical analysis yielded relevant results that show that low-credibility
sources are associated with a lower vaccination rate compared to high-credibility
sources. This analysis provides a better understanding of the serious impact that
misinformation shared on social media has nationwide. It might be an initial step in
creating successful interventions targeting specific populations which are excessively
exposed to and influenced by misleading information. Combating online
misinformation can help educate society about vaccination importance and reduce
vaccine hesitancy in the US.
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