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Abstract

Background: Prior studies have identified key factors contributing to COVID-19 vaccine hesitancy, including concerns over
vaccine safety, potential side effects, and mistrust in the health care system. According to the World Health Organization,
vaccine hesitancy is among the top 10 threats to global public health. Previous research has suggested that vaccine hesitancy is
a significant barrier within the Hispanic population, particularly in Texas.

Objective: This longitudinal study examined the relationships of daily stance, misinformation, and topics in vaccine-related
English and Spanish Facebook posts with daily vaccination rates in Tarrant County, Texas, during 2021 and 2022. The goal
was to identify the predictors associated with vaccination uptake and inform targeted social media interventions, with particular
attention to the Hispanic population.

Methods: COVID-19 vaccine-related English and Spanish Facebook posts from Tarrant County were collected for 2021
and 2022. The study analyzed 12,395 English posts and 1123 Spanish posts. Posts were annotated using GPT-4 for stance,
misinformation, and relevant topics, including vaccine availability, safety, and side effects. Category prevalence was compared
across English and Spanish posts and across years. Linear regression models were used to examine associations between post
characteristics and daily vaccination rates in the total and Hispanic populations.

Results: Regression analysis identified distinct predictors of Hispanic vaccination uptake, including encouraging posts
(P=.02) and religion-related posts (P=.007), which were not significant predictors for vaccination uptake in the general
population. A substantial proportion of Spanish discouraging posts focused on vaccine side effects (13/70, 19%) and health
system distrust (24/70, 34%), suggesting concerns that may be especially relevant within the Hispanic community. Predictors
associated with higher uptake in both the Hispanic and total populations included posts related to vaccine availability (P=.01),
vaccine safety (P=.006), and misinformation debunking (P<.001).

Conclusions: Posts related to vaccine availability, vaccine safety, and debunking misinformation were associated with higher
vaccination uptake. Encouraging posts and religion-related posts were associated with higher vaccination uptake in the
Hispanic population, suggesting meaningful cultural nuances. These findings support the value of culturally tailored social
media messaging in public health campaigns.
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Introduction

Background

In March 2020, the World Health Organization (WHO)
declared COVID-19 a pandemic, underscoring the critical
need for effective public health measures, including vacci-
nation, to control the spread of the virus [1]. Vaccination
has historically been one of the most effective interventions
in preventing infectious diseases and protecting population
health [2]. Despite the availability and widespread administra-
tion of COVID-19 vaccines, many individuals remain hesitant
to receive them, raising serious public health concerns [3].
WHO identified vaccine hesitancy as one of the top 10 global
health threats in 2019, even before the onset of COVID-19
[4]. This persistent hesitancy has been driven by factors,
including vaccine safety concerns, fears of side effects [1],
mistrust in the health care system, various socioeconomic and
demographic influences [5,6], and the usage of social media
platforms for gathering information [7,8].

These factors do not affect all communities equally. Prior
research has shown higher vaccine hesitancy in some ethnic
minority populations [9]. Studies examining racial and ethnic
disparities in COVID-19 vaccination found that people with
lower income or education, women, and some minority
groups, including Black and Hispanic populations, were more
likely to delay or avoid vaccination [10,11]. Such findings
underscore the importance of localized analysis, since state-
and national-level patterns may mask community-specific
concerns.

This is particularly relevant in Texas. During the 2021
legislative session, vaccine hesitancy discussions reflected
concerns about medical freedom, vaccine effectiveness,
and vaccine safety [12]. While these concerns overlap
with national patterns, they may not fully capture barriers
affecting smaller communities, including Hispanic popula-
tions. National-level data have shown that Hispanic indi-
viduals were less likely than White individuals to receive
an initial vaccine dose [13]. Other research has suggested
that messaging emphasizing family protection and directly
addressing mistrust may be more effective for Latino
communities [14]. Together, these findings suggest that
interventions may need to be tailored to not only demographic
groups but also local settings.

Social media has been widely used to study COVID-19
vaccine hesitancy [15-18]. Some studies focused on sentiment
[19-25], whereas others examined misinformation [16,26,27].
Prior work has analyzed English-only [28,29], Spanish-only
[30-33], and multilingual datasets [34-37]. For example,
one study examined vaccine misinformation in English and
Spanish [34], and another showed that multilingual discussion
around AstraZeneca and Omicron underscored the need for
culturally informed public messaging [35]. However, prior
research has rarely linked bilingual social media discourse to
real-world vaccination uptake at the county level.
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This study addresses that gap by analyzing English and
Spanish Facebook posts from public pages and groups in
Tarrant County, Texas, across 2021 and 2022. Tarrant County
is a large, diverse urban county with a substantial His-
panic population (30.5%) [38], making it a useful setting
for examining cultural influences on vaccine uptake. By
combining bilingual social media data with vaccination data
disaggregated by time and ethnicity, this study provides
a more granular view of how online discourse relates to
population-level vaccination behavior.

The study addresses three research questions:

1. How did stance, misinformation, and topics differ
between English and Spanish social media posts
regarding COVID-19 vaccines in Tarrant County?

2. How did these differences in stance, misinformation,
and topics change over time from 2021 to 2022?

3. What associations existed between the characteristics of
these posts and daily vaccination rates among the total
and Hispanic populations?

This analysis is informed by two complementary frameworks:
(1) the health belief model [39] and (2) the agenda-setting
theory [40]. The health belief model suggests that health
behaviors are shaped by perceived risk, benefits, barriers, and
cues to action [39]. In this context, social media posts may act
as cues to action by shaping how people think about vaccine
safety, effectiveness, and accessibility. The agenda-setting
theory emphasizes the role of media in influencing which
issues are seen as important [40]. Applied here, it suggests
that frequent discussion of issues, such as side effects,
mandates, and misinformation, may increase their salience
and thereby shape public attitudes and behaviors. Together,
these frameworks provide a useful basis for understanding
how vaccine-related discourse on Facebook may be associ-
ated with vaccine uptake.

In collaboration with the Tarrant County Public Health
Department, this study used monthly vaccination records that
included ethnicity, enabling the analysis of both total and
Hispanic vaccination uptake. The study also introduced a
scalable approach for annotating vaccine-related posts using
GPT-4. Post-level variables were defined through iterative
manual coding of 200 English and 200 Spanish posts, and
these were then used to construct prompts for labeling the full
dataset across 16 variables. By examining stance, misinfor-
mation, and a wide range of vaccine-related topics, this study
has identified message types associated with higher vaccina-
tion uptake and highlighted cultural differences that may help
guide future public health communication.

Variables

Overview

The analysis included dependent, independent, and control
variables. Because Facebook posts may contain more than
one relevant characteristic, independent variables were not
mutually exclusive.
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Dependent Variables

Vaccination data from January 2021 to December 2022 were
obtained from the Tarrant County Public Health Department.
The data were anonymized. Each data point represented an
individual who got vaccinated and contained information
such as the total number of doses received, race, ethnicity,
gender, date of birth, and the date of the last dose. It is
important to note that these data are not publicly availa-
ble, and merging these data with social media posts made
this research possible. The data were received monthly,
where new individuals and doses were added to the record.
Such data allowed for the calculation of the total new
daily vaccinations at the county level and the new daily
vaccinations of the Hispanic population at the county level.
New daily vaccinations represent new individuals who have
received their first dose that day. Thus, the analysis used new
vaccinations per day as a dependent variable. In summary, we
defined the dependent variables new Hispanic vaccinations
and new total vaccinations as newly vaccinated Hispanic
individuals per day and newly vaccinated individuals in total
per day, respectively. Separating the total vaccination rate
from the vaccination rate of the Hispanic population was
a crucial step in understanding cultural nuances in vaccina-
tion uptake, as it allowed the examination of which factors
are significant predictors compared with total vaccination
uptake. It is important to note that the dependent variables
(ie, new Hispanic vaccinations and new total vaccinations)
were calculated by dividing the daily number of first-dose
COVID-19 vaccinations by the corresponding population
groups in Tarrant County, Texas. Specifically, new Hispanic
vaccinations were normalized using the county’s Hispanic
population, while new fotal vaccinations were normalized
using the county’s total population. This standardization (ie,
vaccinations per capita) accounts for differences in population
size and enables more accurate comparisons over time and
between demographic groups.

Independent Variables

In the literature, stance is defined as an individual’s stand-
point toward a proposition or topic (eg, abortion, feminism,
climate change, and others), where the viewpoint can be
supporting, opposing, or neutral toward the object [41].
Therefore, the concept of stance could be applied as the users’
standpoint toward vaccination, formulating the first independ-
ent variable.

According to multiple research studies, becoming
acquainted with antivaccination views and false information
on Twitter contributed to vaccine reluctance and denial
as well as an overall decrease in the number of individu-
als receiving the vaccine [42-44]. Thus, vaccination stance
was used as an independent variable to examine its possi-
ble association with the vaccination rate. Encouraging and
discouraging posts were included, while neutral posts were
not considered. As a neutral stance does not provide any
specific insights and does not reflect users’ views toward
vaccination, its exclusion allows for a clearer comparison of
the associations of encouraging and discouraging posts with
the vaccination rate. In more detail, encouraging posts are
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posts that explicitly support vaccination and aim to motivate
others to get vaccinated, while discouraging posts express a
negative standpoint toward vaccination and aim to prevent
vaccination.

Prior work defined misinformation as unintentionally
shared information that is fake or misleading [45]. According
to related research, misinformation propagated online hurts
COVID-19 vaccine acceptance [46-50]. Some of the most
common conspiracy theories regarding COVID-19 vaccines
were that they do not work and that they may cause autism or
infertility [46]. In addition, with many social media platforms
nowadays, there is greater exposure to vaccine misinforma-
tion [51], potentially slowing progress toward reaching herd
immunity [26]. However, individuals with higher vaccine
literacy are less likely to believe in such theories [52,53].
Hence, statistical models used vaccine misinformation as an
independent variable. Similar to the approach used for stance,
only debunking and misinformation posts were included,
while posts without relevant content were not considered, as
they do not provide useful insights.

Previous research measuring the effectiveness of interven-
tions aiming to reduce vaccine hesitancy toward influenza,
human papillomavirus, tetanus, polio, and other vaccines
concluded that most interventions included multiple aspects
that focus on raising knowledge and vaccine awareness [54].
Many recent studies have proposed the use of social media
platforms for targeted messaging to educate the population
and enhance awareness in order to reduce vaccine hesitancy
[29,46]. Therefore, it is evident that spreading accurate
information regarding vaccination can increase vaccination
acceptance, and social media could aid in outreach. Thus, it
is important to consider which social media posts provide
factual information regarding vaccination. Whether a post is
informative was used as a binary independent variable in the
models.

There are several post topics/categories. The literature
has highlighted multiple reasons behind vaccine hesitancy,
such as potential vaccine side effects, mistrust toward the
government or health system, doubts about vaccine bene-
fits/efficacy and safety, and dissatisfaction with vaccination
mandates [1,5,6,55]. Thus, topics, such as vaccine side
effects, government, health system, vaccine safety, poli-
cies/mandates, and vaccine benefits/efficacy, were included
as independent binary variables in the statistical models.
Furthermore, prior work has shown that study participants
who knew someone who contracted COVID-19 or died
because of it were more likely to receive the vaccine [56].
Therefore, the variable indicating whether a post discusses a
COVID-19 illness experience was included as an independent
variable. Research has also suggested that religious beliefs
play a significant role in vaccine hesitancy, where religios-
ity is negatively associated with COVID-19 vaccine uptake
[57]. Thus, whether a post mentions any religious beliefs was
used as a binary independent variable in the models. Finally,
vaccine hesitancy is more prevalent across minority popula-
tions [14,58]. Therefore, community-specific advice variables
indicating whether a post includes information specific to any
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minority population were included as binary variables in the
analysis.

While certain variables were identified as independ-
ent based on previous literature, others were defined
through open-coding techniques during the data labeling
process. During the annotation of Facebook posts, annotators
identified several frequently occurring categories that were
subsequently added as independent variables in the models
owing to their potential influence on vaccine uptake. These
categories—vaccine availability, education, postvaccination
advice, and statistics—represent critical aspects of public
discourse that address practical, emotional, and informational
barriers to vaccination. Vaccine availability posts provide
essential details on where, when, and how to get vaccina-
ted, eliminating logistical uncertainties hindering vaccine
uptake. Posts related to education discuss school policies
and vaccination requirements, which are particularly relevant
for parents and students navigating the return to in-per-
son learning. Postvaccination advice posts offer guidance
on managing side effects and follow-up doses, addressing
anxieties, and simplifying the vaccination process. Finally,
posts sharing statistics present concrete data on vaccination
rates and COVID-19 cases, serving as powerful motivators
by reinforcing the urgency and benefits of vaccination.
Including these variables in the models allowed for a more

Figure 1. Study framework.
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comprehensive analysis of how different types of messaging
influence vaccination behavior, providing actionable insights
for designing effective, targeted public health interventions.

Control Variables

The analysis included a measure of the population available
to vaccinate, calculated as the share of the relevant population
that has not yet received a vaccine. Separate measures were
used for the total and Hispanic populations. This variable
accounts for the declining pool of eligible first-dose recipients
over time.

Language was also included as a control variable coded
as English or Spanish. This allowed the analysis to test
whether post language was associated with differential
vaccination uptake while recognizing that language does not
map perfectly onto ethnicity.

Methods

Overview

Figure 1 presents the study framework, which included the
following 4 stages: Facebook data collection, data filtering,
post classification, and statistical analysis.

Facebook data collection Data filtering Post classification Statistical analysis
/ \ / Manually label 1000\ / Define a codebook and / Calculate new daily
English and 500 perform iterative manual vaccinations.
; labeling of 16 variables,
CrOWdTangle to SpaHISh pOStS. such as stance Perform multivariate
. : Extract keywords o ; > . .
obtain English and specific to nonrelated misinformation, vaccine linear regression
Spanish vaccine- posts side effects, etc. analysis where
related posts from ’ standard errors are
2021 to 2022 in Filter out the posts Test GPT-4 in annotation, clustered per day and
Tarrant County. containin tlf)ese annotate the whole dataset, vaccination is used as
ke 0% ds and evaluate the prompts on the dependent
YWoras. variable.

N /

Facebook Data Collection

Many studies have leveraged social media platforms to assess
vaccine hesitancy and vaccination acceptance. For example,
studies have examined sentiments and misinformation about
vaccines on platforms like Twitter, Facebook, YouTube, and
WhatsApp [29,59-61]. This study collected data from one of
the most widely used social media platforms, Facebook [62].
Facebook was considered a suitable platform for this study,
as a previous study has reported that 66% of the Hispanic
population uses this platform [63]. CrowdTangle application
programming interface [64], a social media listening tool
from Meta, was leveraged to query the data based on the
selected keywords, location (Tarrant County), and period
(January 1, 2021, to December 31, 2022). It is important
to note that the data provided by CrowdTangle originate
from public pages and public groups, not individual users,
while the selected location yields posts relevant to that region
based on the location distribution of page/group followers or
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participants. The keywords used for collecting the English
dataset were adopted from the CoVaxxy dataset [65], which is
an extensive collection of COVID-19 vaccine-related tweets
collected with a unique keyword list created by using the
snowballing technique. Some examples include pfizervaccine,
covax, and getvaccinated. The keywords for collecting the
Spanish dataset were adopted from another related study
analyzing Spanish Facebook posts in Texas [30], where the
keyword list was also created by incorporating a snowballing
technique to identify relevant keywords specific to Spanish
COVID-19 vaccine-related posts. Some examples include
vacuna covid, segunda dosis, and efecto secundario covid.
Finally, 21,737 English posts and 1596 Spanish posts were
collected. There may be a few reasons for the lower num-
ber of Spanish posts. First, the percentage of the Hispanic
population in Tarrant County is around 30%. Therefore,
the percentage of Spanish versus English posts is expec-
ted to be lower. Second, some Hispanic users might still
post in English. While this study aimed to compare social
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media post categories between Hispanic and non-Hispanic
populations, a key limitation is the inability to definitively
determine the ethnicity of users based on post language.
The assumption that Spanish-language posts originate from
Hispanic individuals and English-language posts originate
from non-Hispanic users may not always be accurate. This
introduces potential biases in the analysis, as users may
post in a language that does not reflect their ethnicity.
This limitation affects the validity of the conclusions drawn
about how different demographic groups express attitudes
toward vaccination. Despite this, the findings remain relevant
because they identify key post categories associated with
vaccination uptake in each language group. These insights
suggest that the sample is still broadly representative, even if
individual user ethnicity cannot be verified with certainty.

Ethical Considerations

The study was reviewed by the University of Texas at
Arlington Institutional Review Board (protocol #2022-0072),
which determined that it did not meet the definition of human
subjects research under 45 CFR 46.104 (d)(2i), Revised
2018 [66]. As such, the study was classified as non—human
subjects research and did not require Institutional Review
Board approval. The project used publicly available data and
was consistent with public health surveillance activities, as
it involved the systematic collection and analysis of popula-
tion-level information to monitor health-related behaviors and
information patterns, without interaction with individuals or
access to identifiable private information, which has been
outlined in Centers for Disease Control and Prevention Policy
557 [67]. All Facebook data analyzed in this study were
obtained from public Facebook pages and groups only. No
private or identifiable user information was collected, and
data were analyzed in aggregate and were fully deidentified
prior to analysis, ensuring the protection of user privacy and
compliance with ethical research standards for the secondary
use of data.

Data Filtering

Although querying based on vaccine-related keywords
yielded many Facebook posts, an essential step before further
data processing involved ensuring that the posts obtained
were related to COVID-19 vaccines. Initially, a random
sample of 1000 English posts and 500 Spanish posts was
extracted from the whole dataset. Then, 2 pairs of annotators
(2 annotators for the English posts and 2 for the Spanish
posts) manually labeled the samples by indicating whether
each post was related to COVID-19 vaccines. The annota-
tors labeling the English dataset were English speakers, with
one annotator having a computer science background and
the other having a public health background. The annota-
tors labeling the Spanish dataset were Spanish and English
speakers, with one annotator having a computer science

https://ojphi.jmir.org/2026/1/e72465

Aleksandric et al

background and the other having a public health background.
The annotators provided a simple binary label for each
post, with “1” used to indicate a relation with COVID-19
vaccines and “0” used to indicate no relation. Once the
labeling was completed, the annotators met to discuss and
resolve any disagreements in labeling. The Cohen % scores
for the labeling of the English and Spanish datasets were
0.76 (substantial agreement) and 0.14 (slight agreement),
respectively. The disagreements in the Spanish sample were
manually checked, and the low Cohen % was found to be
mainly due to one of the annotators suggesting that posts
of job postings mentioning vaccination requirements in the
application process should be considered vaccine-related.
However, the other annotators did not agree, as these posts
did not provide any further discussion regarding the vaccines.
Hence, the annotators decided that these posts should not be
classified as vaccine-related. In the English dataset, 60.5%
(605/1000) of posts were related to COVID-19 vaccines,
while in the Spanish dataset, 83.2% (416/500) of posts were
related to the vaccines. By manually examining non—vaccine-
related posts, lists of keywords relevant to such posts were
created.

Some manually identified keywords specific to non—
vaccine-related posts were dog, heartworm, hiring, music, etc,
corresponding to posts related to animals, events that required
COVID-19 vaccination, job openings, or document services.
After stemming the texts of the posts and the keywords, posts
containing any of the keywords from the corresponding lists
were classified as non—vaccine-related. Using this methodol-
ogy, the percentages of misclassified posts when comparing
the obtained labels to the ground-truth dataset were 5.9%
(59/1000) and 5.6% (28/500) for the English and Span-
ish datasets, respectively. Therefore, we filtered the whole
dataset using these keywords (ie, discarded posts irrelevant
to COVID-19 vaccination). We eventually classified 13,819
English posts and 1249 Spanish posts as relevant.

Post Classification Ground-Truth Dataset

Previous literature has suggested many reasons for vaccine
hesitancy, such as the fear of potential vaccine side effects,
efficacy issues, mistrust toward the government or health
system, misinformation spread, and others [11,14,26,68].
Thus, this study assessed English and Spanish Facebook posts
to investigate how stance, misinformation, informative versus
noninformative posts, and post categories/topics (such as
vaccine side effects, government, health system, and others)
were associated with vaccination rates in Tarrant County in
2021 and 2022. In more detail, the goal was to identify the
potential reasons behind vaccine hesitancy in social media
posts and examine the association between online activity and
actual vaccination uptake. A summary of relevant variables
related to social media posts is illustrated in Figure 2.
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Figure 2. Description of the variables used to annotate the posts.
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[ Vaccine-related posts ]

L

Stance Misinformation

Indicates whether the
post encourages or
discourages vaccination
or is neutral toward
vaccination.

Indicates whether the
post contains
misinformation or
whether it debunks it.

This study attempted to cover all the reasons for vaccine
hesitancy and label them in Facebook posts. However, it is
important to note that direct measurement of vaccine trust
is challenging, despite its significant role in vaccine reluc-
tance [11]. Therefore, the most prevalent reasons for vaccine
hesitancy were incorporated as topics in this study.

Additional classifiers were required to annotate each
post with the correct labels for each variable. Initially,
random samples of 200 posts were extracted from both
the English and Spanish datasets. Then, 2 English speakers
labeled the English sample (one with a computer science
background and the other with a background in statistics),
while 2 Spanish speakers (with public health and computer
science backgrounds) and 1 English speaker (with a com-
puter science background), who translated the posts, labeled
the Spanish sample using the variables described in Fig-
ure 2. The labeling codebook is provided in Multimedia
Appendix 1. It was used to train the annotators in perform-
ing the labeling. The codebook was initially created by
incorporating the knowledge from previous literature, which
also helped in defining variables in the Variables section.
Manual labeling and defining the codebook were iterative
processes. Definitions had to be adjusted multiple times to
ensure accuracy and interannotator consistency, and some
categories were added by open coding, as discussed in the
Independent Variables section. The following are 2 exam-
ples from the codebook, including variable definitions and,
where applicable, representative examples or supplementary
materials:

Informative Category/topic

Indicates whether the
post provides
information related to
the vaccine.

Indicates whether the
post mentions any of the
categories/topics.

 Side effects: if the post mentions specific vaccine-rela-
ted side effects (fever, chills, vomiting, etc; see more
here: [69])

* Vaccine availability: if the post mentions anything
related to whether vaccinations are available, and
where, when, and how. An example post would be
“There is a shortage of doses of Pfizer vaccine in
Tarrant County.”

If the post was irrelevant to COVID-19 vaccination (as some
posts remained after keyword filtering), the annotators did
not annotate the post. In some instances, annotators had
to open the post. They read the title of the article shared
within the post, as sometimes the text of the post did not
explicitly mention the vaccine, but it still commented on the
article about it. Such posts were considered relevant. After
the labeling was completed, the annotators met to resolve any
conflicts that were raised in the labeling process to create
final labels. However, as 3 annotators labeled the Spanish
dataset, the final values were computed by a majority vote.

As the goal of this study was to provide an understanding
of the differences in COVID-19 vaccine hesitancy between
the English and Spanish datasets, the differences in the
observed categories found in these datasets have been further
discussed. The percentage of posts in each variable category
is reported in Table 1. Moreover, examples of posts in each
category can be found in Multimedia Appendix 2.

Table 1. Posts containing each of the relevant labels in the manually labeled sample.

Variable

English (n=185), n (%) Spanish (n=189), n (%)

Stance
Encouraging
Discouraging
Neither
Category
Side effects
Vaccine availability
Vaccine safety
Vaccine benefits/efficacy
COVID-19 illness experience

Government

41(22.2) 14.(7.4)
6(32) 1(0.5)
138 (74.6) 174 (92.1)
3(1.6) 10 (5.3)
89 (48.1) 68 (35.9)
7(3.8) 15 (7.9)
22(119) 15(7.9)
6(32) 5(2:6)
32(17.3) 23(122)
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Variable English (n=185), n (%) Spanish (n=189), n (%)
Education 18 (9.7) 5(2.6)
Health system 52 (28.1) 20 (10.1)
Religion 3(1.6) 1(0.5)
Postvaccination advice 4(2.2) 5(2.6)
Community-specific advice 8(4.3) 13 (6.9)
Policies/mandates 50 (27.0) 47 (24.9)
Statistics 23 (124) 8(4.2)

Informative 150 (81.1) 166 (89.2)

Misinformation
Contains misinformation 0(0) 0 (0)
Debunks misinformation 4(22) 1(0.5)

Interestingly, statistics suggested a substantially greater
number of posts in the English manually labeled dataset
than the Spanish dataset that either encouraged (41/185,
222% vs 14/189, 7.4%) or discouraged (6/185, 3.2% vs
1/189, 0.5%) vaccination. This indicates that the majority of
posts in the Spanish manually annotated ground-truth dataset
were neutral in their stance toward vaccination, which is
also implied by the larger percentage of informative posts
in this dataset. Furthermore, a larger percentage of Spanish
posts discussed vaccine side effects and safety compared with
English posts, which tended to discuss matters related to the
educational system, government, policy, and health system.
This potentially indicates that the Spanish dataset included
posts that mainly focused on the vaccine and its relevant
information, while the English dataset included many posts
relevant to the vaccine but also had posts on other aspects
connected to its administration. An additional analysis is
required to understand how these relevant categories have
been discussed over time and what their associations are with
vaccination rates in Tarrant County.

ChatGPT Labeling

Once the ground-truth dataset was created, the next step
involved obtaining labels for the entire dataset. Large
language models (LLMs) have been widely used in the
natural language processing literature for text classification
tasks, while ChatGPT (OpenAl) has been used for data
annotation [70-73]. Moreover, GPT-4 has been shown to be a
great choice for detecting COVID-19 vaccine self-report and
vaccine chatter [74], reaching accuracies of approximately
81% and 93%, respectively, without any additional prompt-
ing or fine-tuning. Therefore, it was a suitable candidate
for annotating the vaccine-related dataset, considering its
powerful ability to understand the context of the provided
input and generate correct labels. Thus, the first step involved
formulating a prompt that provided a detailed definition of
each variable and corresponding examples, which would
enable the model to accurately classify each post. Prompt
formulation required several iterations, and the initial prompts
were modified so that GPT-4 (OpenAl Azure endpoint was
used) could better understand the task and generate labels that
aligned more with the ground-truth dataset. By adopting a
chain-of-thought [75] approach, larger prompts were broken
down into multiple smaller, focused prompts, enabling the

https://ojphi.jmir.org/2026/1/e72465

model to process each variable in steps. Hence, the label-
ing codebook was used as a starting point, and the same
human thought process was followed to create the prompts
that could accurately label the data. In more detail, each
prompt included the definition of the variable, an example
post belonging to the positive class, and a task to classify the
post as related to that variable or not, without explanation.
In some cases, the prompt had to explicitly tell the model
which posts should not fall under the positive class. For
example, the following prompt asked GPT-4 to classify a
post as policy/mandate-related or not (the post included a
definition of the variable, examples of posts that should be
labeled as belonging to the positive class, and exceptions, ie,
posts that were previously labeled as belonging to the positive
class but should belong to the negative class):

Label the text with “Policy related” or “Not pol-
icy related.” “Policy related” should be used if the
post mentions vaccination mandates and requirements,
authorizations, recommendations, or other COVID-19
policies/mandates issued by health governmental
agencies like the CDC or FDA. This includes
employee vaccination requirements, vaccine schedule,
travel vaccination mandates, mask mandates, vaccine
eligibility, vaccine authorizations, social distancing
policies, or public health recommendations such as
CDC guidelines for vaccination. Posts that primarily
mention where vaccines are available for administra-
tion or the logistics of vaccine distribution without
discussing mandates, requirements, or authorizations
should be labeled as “Not policy related.” Respond
only with the labels “Policy related” or “Not policy
related.” Here is the post:

This example illustrates the need to provide a very specific
prompt to the model to obtain annotations that closely
match human labels and do not alternate over multiple
iterations. Thus, it was necessary to present the model with
a simple task (ie, to provide binary labels) and explain
the reasoning aspects that should lead the model to the
correct class inference. This sequential breakdown improved
accuracy (from 81% to 90% in the case of the policy/mandate
variable), as the model could more effectively reason through
each part of the task to produce consistent labels. The list
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of final prompts used to obtain labels for each post in the
ground-truth dataset can be found in Multimedia Appendix
3. It is important to acknowledge that this annotation task
was not simple even for human annotators, and it required
multiple discussions and changes in the codebook. This
shows the importance of providing very detailed and precise
guidelines to both human annotators and LLMs to obtain
highly accurate labels.

Once again, GPT-4 was asked to classify posts as “related”
or “not related” to the COVID-19 vaccine as an additional
filtering step to remove any noise remaining after the initial
keyword filtering. In addition to the post text, the titles of the
websites shared in the posts were passed to the prompt along
with article/site descriptions to provide additional context
that annotators could see during the labeling process. This
approach was a more accurate method to detect vaccine-rela-
ted posts, as in some instances, the post text did not directly
mention the COVID-19 vaccine but rather commented on
an article about the vaccine. Therefore, such posts were
also labeled by annotators as vaccine-related. By providing
these inputs, GPT-4 could detect such posts with higher
accuracy. The accuracies for detecting vaccine-related and
non-vaccine-related posts in the English and Spanish datasets
were 99% and 96%, respectively. Before calculating the
accuracies for other variables, detected non—vaccine-related
posts were removed from the English and Spanish ground-
truth datasets, and they remained with 185 and 189 posts,
respectively. In addition, some posts that were not accurately
detected by the classifier as non—vaccine-related (1 post in
the English dataset and 3 posts in the Spanish dataset) were
also removed when computing the final model accuracy for
the rest of the variables, as such posts were not annotated
in the manual labeling process. Moreover, the process of
obtaining GPT-4 labels for all variables was repeated thrice to
ensure that the labels were consistent, as the “hallucination”
of LLMs (generating plausible yet nonfactual content) is a
known problem in the literature [76]. The majority vote of
3 labels was used to compute the final labels, as the goal
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was to check how consistent the output was across multiple
iterations. The highest percentages of posts in the English
dataset that received different labels in these iterations were
found to belong to the vaccine availability (16/200, 8.0%) and
government (13/200, 6.5%) categories, while for all the other
labels, the value did not exceed 6%, with the lowest being
around 1% for COVID-19 illness experience, side effects,
and religion. On the other hand, for all the variables in the
Spanish dataset, the value did not exceed 6%. When obtaining
the labels for the entire datasets, the labels were obtained only
once, as a limited number of posts received different labels in
multiple iterations.

Model Evaluation

After the final labels were computed, they were compared
with the manually labeled sample. As demonstrated in Table
2, GPT-4 performed very well in labeling the data with
the discussed variables. In the English dataset, the highest
accuracy of 99% was obtained for detecting vaccine side
effect posts, while the lowest accuracy of 89% was obtained
for detecting health system-related posts. However, the
classification accuracies in the Spanish dataset were slightly
different. In some instances, GPT-4 performed better in the
Spanish dataset than in the English dataset (eg, education
and statistics), but it did not perform as well in detecting
vaccine availability. A possible reason for these results is
that the Spanish dataset did not contain as many categories
as the English dataset. In some cases, this made the catego-
ries harder to detect, while in certain instances, the model
could easily recognize the absence of categories, yielding a
higher accuracy. It is important to acknowledge that most
state-of-the-art classifiers for different text classification tasks
have certain limitations; hence, it is not surprising that this
classifier performs differently in detecting different catego-
ries. As the study’s goal did not involve enhancing the
state-of-the-art model in detecting the mentioned variables,
the classifier’s performance will need to be improved in
future work.

Table 2. Accuracy of GPT-4 labels for detecting relevant classes in both English and Spanish datasets.

Variable Accuracy in the English dataset, % Accuracy in the Spanish dataset, %

Stance 91 89

Category
Side effects 99 98
Vaccine availability 90 85
Vaccine safety 97 94
Vaccine benefits/efficacy 95 95
COVID-19 illness experience 98 97
Government 93 90
Education 96 98
Health system 89 86
Religion 97 98
Postvaccination advice 97 96
Community-specific advice 95 93
Policies/mandates 90 88
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Variable Accuracy in the English dataset, % Accuracy in the Spanish dataset, %
Statistics 91 98

Informative 90 86

Misinformation 93 93

After labels were obtained for the entire dataset, a small
number of posts did not have the expected output, and the
model could not infer the corresponding label. This issue
mainly occurred for very short posts or posts only containing
URLSs. These posts were discarded from the datasets (62 posts
from the English dataset and 23 from the Spanish dataset).

In generating labels for the entire dataset, the English
dataset involved 35.2 million input tokens (prompts and
posts) and 307,000 output tokens, while the Spanish dataset
involved 2.3 million input tokens (prompts and posts) and
37,000 output tokens. The estimated cost of obtaining the
annotations for the entire English dataset was US $1074.8,
while the cost for the Spanish dataset was US $71.5. The rate
limit allowed sending 10 requests per minute; thus, 14,400
prompts could be sent a day. Considering that 11 different
prompts were used in this study (with approximately 15,000
posts), approximately 12 days were required to obtain all
the annotations. Considering that the posts were collected
over a 2-year period, the cost could be considered accepta-
ble in emergency scenarios where a better understanding of
reluctance toward interventions could potentially prevent a
public health crisis. Moreover, GPT-4 was the latest model
released at the time of this study. However, other open-source
models could be explored if enough data are available, and
this remains a promising area for future work.

Additional Manual Verification

As noted in Table 1, the distribution of posts for each
variable was highly imbalanced. In more detail, most of the
time, posts belonging to a negative class for each variable
were prevalent in the dataset, which could have led to the
misleading accuracies in Table 2. Thus, after completion of
labeling of the entire dataset using GPT-4, a random sample
of 25 posts belonging to each positive class and 25 posts
belonging to each negative class was extracted to verify the
accuracy of the annotations. A single annotator labeled 50
posts for each variable (where each class of a multicategori-
cal variable was treated as a binary variable) and compared
the labels with the annotations from GPT-4. The results
suggested that for most of the variables, GPT-4 annotated
40 or more posts with the accurate label when, in certain
cases, GPT-4 labeled all 50 posts correctly (COVID-19
illness experience and religion in the Spanish dataset). In
the Spanish dataset, GPT-4 had low accuracy in detecting
misinformation (0.70), postvaccination advice (0.60), and
discouraging, informative, and community-specific advice
(0.76). In the English dataset, the model had high accuracy in
detecting religion (0.98), debunking (0.96), statistics (0.96),
and vaccine safety (0.94), and had low accuracy in detect-
ing postvaccination advice (0.62), misinformation (0.74),
encouraging advice (0.78), and community-specific advice
(0.80). For the remaining variables, the model had accura-
cies higher than 0.80. Therefore, future work should aim to
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improve the performance of the classifier for these specific
annotations. While the use of GPT-4 for annotating the
dataset is highly innovative, the lower accuracies observed for
some categories suggest room for improvement, which can be
addressed in future work. The performances reported in this
study are similar to those reported in related work [74], where
for detecting COVID-19 vaccine chatter and self-reported
vaccination using GPT-4, the accuracies were nearly 93% and
81%, respectively.

Furthermore, another recent study reported that GPT-4 had
an average accuracy of 79.2% in various manually labeled
datasets [70]. Hence, it is evident that the model performs
better for certain variables than others, where fine-tuning
might be required. Further labeling of high-quality datasets
and ensuring consistency in the labeling process through
prompt tuning might be needed to enhance model perform-
ance.

Descriptive Statistics

Overview

This section details the number of posts belonging to each
category over the time frame of the data collection. The goal
was to compare the prevalence of each post category between
2021 and 2022, and between English and Spanish. Finally,
combining some of the categories could provide additional
insights into the reasons for vaccine hesitancy and how these
have changed over time. It is important to note that the posts
classified as unrelated by the model were discarded before the
analysis. The cleaned English and Spanish datasets consisted
of 12,395 and 1123 posts, respectively.

English Dataset

The majority of posts in the English dataset were from
2021. In more detail, of the 12,395 posts, 11,088 (89.5%)
were shared in 2021 and 1307 (10.5%) were shared in
2022. This decline in 2022 may be attributed to the ini-
tial surge in vaccine discussions during the roll-out phase
in 2021, when uncertainty and debate were more promi-
nent. By 2022, vaccines were widely available, and public
attention may have shifted to other topics. The proportion
of posts encouraging vaccination was higher in 2021 than
in 2022 (2005/11,088, 18.1% vs 154/1307, 11.8%), while
the proportion of discouraging posts was lower in 2021 than
in 2022 (624/11,088, 5.6% vs 113/1307, 8.6%). This might
indicate that at the beginning of vaccine administration in
2021, there was a greater need to encourage vaccination,
and thus, a higher percentage of the population decided
to receive the vaccine. On the other hand, in 2022, many
people had already received the vaccine, and there was
no need for a large encouragement. Similarly, the propor-
tion of informative posts was higher in 2021 than in 2022
(8482/11,088, 76.5% vs 943/1307, 72.1%), which might
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support the earlier assumption. Finally, the proportion of
posts containing misinformation was lower in 2021 than in
2022 (414/11,088, 3.7% vs 79/1307, 6.0%).

Table 3 presents the proportion of encouraging and
discouraging posts for each category in 2021 and 2022 in the
English dataset. As demonstrated in Table 3, the categories
of encouraging and discouraging posts were very different.
For instance, the majority of encouraging posts in both
2021 and 2022 were informative, and they mostly discussed
vaccine availability and vaccine benefits/efficacy. These posts
also promoted the health system, offered advice to specific
communities and minorities, and provided useful statistics
to encourage vaccination. The topic of education was more
common among encouraging posts, which might be due to the
high support provided for student vaccination to allow them
to continue regular studying activities and in-person classes.
On the other hand, discouraging posts in both 2021 and
2022 mostly discussed the government and policies/mandates
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regarding vaccination, suggesting that the population was
hesitant toward the measures taken to mitigate the pandemic,
such as vaccination requirements, vaccination passports, and
mask mandates. A large proportion of discouraging posts
involved misinformation in 2021 (273/624, 43.8%) and 2022
(57/113, 50.4%). A slightly lower proportion of discourag-
ing posts discussed the health system and vaccine safety,
and they rarely offered advice or debunked misinformation.
Despite these proportions being relatively low, the proportion
of posts regarding religion and side effects was higher among
discouraging posts than among encouraging posts, suggesting
that these factors might still play significant roles in vaccine
hesitancy.

The data suggested that misinformation and concerns
about government policies were major contributors to
vaccine hesitancy, while informative posts and discussions
about vaccine availability played critical roles in promoting
vaccination.

Table 3. Proportion of posts containing each relevant category among encouraging and discouraging posts in 2021 and 2022 in the English dataset.

Variable 2021

Encouraging posts
(n=2005), n (%)

Discouraging posts
(n=624),n (%)

2022

Encouraging posts
(n=154),n (%)

Discouraging posts
(n=113),n (%)

Side effects 40 (2.0) 36 (5.8) 1(0.6) 544
Vaccine availability 809 (40.3) 16 (2.6) 77 (50.0) 4(3.5)
Vaccine safety 130 (6.5) 73 (11.7) 2(1.3) 13 (11.5)
Vaccine benefits/efficacy 740 (36.9) 26 (4.2) 77 (50.0) 327
COVID-19 illness experience 49 (2.3) 2(0.3) 1(0.6) 0 (0)
Government 150 (7.5) 287 (46.0) 14 (9.1) 59(52.2)
Education 116 (5.8) 25 (4.0) 14 (9.1) 1(0.8)
Health system 714 (35.6) 132 (21.2) 61 (39.6) 28 (24.8)
Religion 49 (24) 32(5.1) 1(0.6) 327
Vaccination advice 156 (7.8) 4(0.6) 10 (6.5) 0 (0)
Community-specific advice 39(1.9) 10 (1.6) 3(1.9) 0(0)
Policies/mandates 361 (18.0) 334 (53.5) 38 (24.7) 70 (61.9)
Statistics 184 (9.2) 18 (2.9) 17 (11.0) 2(1.8)
Informative 1766 (88.1) 209 (33.5) 148 (96.1) 33(29.2)
Contains misinformation 10 (0.5) 273 (43.8) 1(0.6) 57 (50.4)
Debunks misinformation 32(1.5) 9(14) 1(0.6) 0(0)

Spanish Dataset

The total number of posts was lower in the Spanish dataset
than in the English dataset. Of the 1123 posts, 984 (87.6%)
were shared in 2021 and 139 (12.4%) were shared in 2022.
The proportion of posts encouraging vaccination was higher
in 2021 than in 2022 (158/984, 16.1% vs 14/139, 10.1%),
while the proportion of discouraging posts was lower in 2021
than in 2022 (58/984, 5.9% vs 12/139, 8.6%). The propor-
tion of informative posts was higher in 2021 than in 2022
(830/984, 84.3% vs 111/139, 79.9%), while the proportion of
posts containing misinformation was lower in 2021 than in
2022 (44/984,4.5% vs 14/139, 10.1%).

As illustrated in Table 4, encouraging posts in both 2021
and 2022 discussed vaccine availability, benefits/efficacy, the
government, and policies, and offered community-specific
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advice. Interestingly, the topic of the government was more
prevalent among encouraging posts than among discourag-
ing posts in both 2021 and 2022, potentially suggesting
that mistrust toward the government was not a major cause
of vaccine hesitancy in the Hispanic population in Tarrant
County. A larger proportion of discouraging posts men-
tioned policies/mandates compared with encouraging posts.
Moreover, a large proportion of discouraging posts discussed
vaccine side effects and vaccine safety, revealing additional
potential reasons for vaccine hesitancy, which differ from
the statistics found in the English dataset, where discourag-
ing posts focused on the government and mandates. Given
the smaller dataset, these findings should be interpreted
with caution. However, they reveal that vaccine safety and
side effects might be significant concerns for the Hispanic
population, distinct from the focus on government policies in
the English dataset. The health system was a common topic
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among both encouraging and discouraging Spanish posts;
thus, an additional analysis is required to understand the
actual relationship between vaccine hesitancy and this topic.
Similar to the English dataset, most discouraging posts in
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the Spanish dataset contained some misinformation. These
descriptive insights set the stage for a statistical analysis,
which could further explore the relationship between these
categories and vaccination rates.

Table 4. Proportion of posts containing each relevant category among encouraging and discouraging posts in 2021 and 2022 in the Spanish dataset.

Variable 2021

Encouraging posts
(n=158),n (%)

Discouraging posts
(n=58),n (%)

2022

Encouraging posts
(n=14),n (%)

Discouraging posts
(n=12),n (%)

Side effects 6(3.8) 11 (19.0) 0 (0) 2(16.7)
Vaccine availability 67 (42.4) 1(1.7) 6(42.9) 0(0)
Vaccine safety 8(5.1) 14 (24.1) 0 (0) 1(8.3)
Vaccine benefits/efficacy 32 (20.3) 234 3(214) 0(0)
COVID-19 illness experience 1(0.6) 2(334) 0 (0) 0 (0)
Government 17 (10.8) 5(8.6) 2(14.3) 1(8.3)
Education 11(7.0) 1(1.8) 1(7.1) 0 (0)
Health system 41 (26.0) 22 (379) 5@35.7) 2(16.7)
Religion 532 234 0 (0) 0 (0)
Vaccination advice 3(1.9) 0(0) 0(0) 0(0)
Community-specific advice 16 (10.1) 0 (0) 1(7.1) 0 (0)
Policies/mandates 23 (14.6) 17 (29.3) 4 (28.6) 4(333)
Statistics 6(3.8) 4(6.9) 0 (0) 0 (0)
Informative 143 (90.1) 33 (56.9) 14 (100) 5(41.7)
Contains misinformation 1(0.6) 26 (44.8) 0(0) 8 (66.7)
Debunks misinformation 3(1.9) 0(0) 0(0) 0(0)

Statistical Analysis

This study aimed to explore how different characteristics of
social media posts are associated with vaccination rates in
Tarrant County and compare the trends observed in total
vaccination rates and Hispanic vaccination rates. In more
detail, the analysis focused on the relationship between
different social media post features in English and Spanish
and vaccination rates at the daily level throughout 2021 and
2022.

For the analysis, English and Spanish posts were merged
into a single dataset (containing a total of 13,518 data
points), as there might be Hispanic individuals who post
in English rather than Spanish. Merging the English and
Spanish datasets required careful attention to both linguistic
and cultural nuances in vaccine-related discourse. While the
same annotation framework and prompts were applied to both
datasets using GPT-4, the way topics are framed can differ
significantly across languages and communities. For example,
the expression of vaccine skepticism in Spanish posts might
often include religious or familial references that could be
less common in English posts, requiring more context-aware
labeling. Additionally, certain categories, such as government
trust or perception of the health care system, may carry
different connotations based on cultural background, which
could influence how posts are interpreted and categorized. To
mitigate these challenges, bilingual annotators reviewed posts
and labels in both languages to account for this contex-
tual variation. Nevertheless, we acknowledge that achieving
complete semantic and cultural equivalence is challenging,
and residual bias in cross-language classification remains
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a limitation. The dataset was then split into posts originat-
ing in 2021 and 2022. For each year, 2 linear regression
models corresponding to 2 dependent variables were used
by clustering SEs per day, as posts shared on the same day
might not be independent of each other. Linear regression
was selected for this analysis because the outcome variables
(ie, daily total vaccinations and daily Hispanic vaccinations)
are continuous, allowing us to estimate the linear relationship
between social media content features and vaccination uptake.
Since each post is assigned the same vaccination count for its
corresponding day, multiple posts share the same value for
the dependent variable. This creates “within-day clustering,”
where residuals of observations from the same day may be
correlated, violating the independence assumption of standard
linear regression. To address this, we used “clustered SEs at
the day level,” which provide robust inference by correcting
for intracluster correlation and ensuring more accurate Cls
and P values. This approach allows for a valid statistical
inference even when the number of posts varies substantially
across days.

Furthermore, each data point represented a Facebook post
and included the binary categorical variables describing the
post. Other variables included in each observation were
the date when the post was shared, new Hispanic vaccina-
tions, new total vaccinations on that particular day, and the
language of the post. All 4 models included all the independ-
ent and corresponding control variables.
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Results

Regression Analysis of Social Media
Content and Vaccination Outcomes

This section presents the findings of the 4 linear regression
models where SEs were clustered per day. It is important to
note that similar models were leveraged, but they used the
weekly vaccination data rather than the daily data, and SEs
were clustered per week. The results of this analysis closely

Table 5. Results of the linear regression models.
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resemble the findings discussed in this section, showing
the robustness of the models. Moreover, the models were
tested by using a dependent variable, where new vaccinations
per day and week were divided by the population availa-
ble to vaccinate, and the results remained similar. Table 5
presents the significant results of the 4 models in the analysis
(variables with nonsignificant findings have been excluded
for readability). Complete data are provided in Multimedia
Appendix 4.

Variable? Estimate SEP P value
Model 1€ (dependent variable: new total vaccinations in 2021)
Vaccine safety - true 400 x 1074 146 x 1074 006
Government - true —144x 1074 681 x 1075 04
Vaccine availability - true 158 x 1074 6.19 x 1072 01
Population available 3.10x 1073 5.00x 1074 <001
Model 24 (dependent variable: new Hispanic vaccinations in 2021)
Encouraging - true 9.88 x 107> 425x1073 02
Vaccine safety - true 527 x 1074 170 x 1074 002
Government - true —180x 1074 537 % 1070 <.001
Religion - true 242x 1074 891 x 1075 007
Vaccine availability - true 101 x 1074 4.89x 1072 04
Hispanic population available 1.03x 1073 440 x 1074 02
Model 3¢ (dependent variable: new total vaccinations in 2022)
Statistics - true —5.69 x 1072 1.69 x 1072 <001
Postvaccination advice - true 727 %107 364 %1073 046
Debunking - true 201 x 1074 536x 1072 <001
Population available 1.84 x 1072 136 x 1073 <.001
Model 4° (dependent variable: new Hispanic vaccinations in 2022)
Statistics - true —6.98 x 1072 209 x 1072 <001
Debunking - true 194 x 1074 9.56 x 1072 04
Hispanic population available 197 x 1072 1.60 x 1073 <001

aModels 1 and 2 used data from 2021, while models 3 and 4 used data from 2022.

PSEs were clustered per day.
°R2=0.13.
4R2=0.04.
°R2=0.70.
R2=0.68.

Trends in 2021

Regression analysis yielded multiple relevant findings. As
demonstrated for models 1 and 2 in Table 5, posts discussing
vaccine safety were associated with a higher daily increase
in total vaccination (P=.006) and vaccination of the His-
panic population (P=.002). This might indicate that demon-
stration of vaccine safety once vaccine administration begins
is crucial for ensuring a successful intervention. Furthermore,
posts mentioning the government were associated with a
lower daily increase in both total (P=.04) and Hispanic
vaccinations (P<.001), potentially suggesting mistrust toward
the government at that time. In addition, posts providing
details about vaccine availability increased the likelihood of
a higher number of newly vaccinated individuals (P=.01)
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and Hispanic individuals (P=.04). Interestingly, posts about
religion showed a statistically significant positive relationship
with new Hispanic vaccinations (P=.007), indicating that
such posts might increase the probability of new Hispanic
individuals obtaining the vaccine. It is important to note
that when running the models where vaccination increase
was calculated per week, all variables that showed statistical
significance at the daily level remained significant. How-
ever, posts regarding the health system showed a negative
statistically significant correlation with weekly new total
vaccinations (P=.04) and new Hispanic vaccinations (P=.03),
suggesting potential mistrust toward the health system in
this period. Additionally, posts shared in Spanish showed a
positive statistically significant correlation with weekly new
Hispanic vaccinations (P=.02), illustrating that posts shared
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in Spanish were associated with a higher vaccination increase
in the Hispanic population compared with posts shared in
English.

Trends in 2022

Models 3 and 4 (Table 5) from 2022 had different results
compared with the models from 2021. For example, posts
debunking misinformation showed a statistically significant
relationship with both new total vaccinations (P<.001) and
new Hispanic vaccinations (P=.04), demonstrating that such
posts are associated with a higher number of new vaccina-
tions compared with nondebunking posts. It is important
to note that the difference in findings could be due to the
size of the dataset in 2022 compared with the dataset in
2021. In summary, the results (Table 5) indicate that the
stance of social media posts, posts debunking misinformation,
and some other informational categories, such as vaccine
availability and safety, play significant roles in influencing
the number of newly vaccinated individuals.

Discussion

Principal Findings

This study examined bilingual Facebook discourse about
COVID-19 vaccines in Tarrant County and linked it to daily
vaccination uptake in the total and Hispanic populations.
Three main findings stand out.

First, vaccine-related discourse differed substantially by
language and year. English and Spanish posts did not
emphasize the same concerns, and the mix of topics shif-
ted from 2021 to 2022. English discouraging posts were
dominated by government and policy concerns, whereas
Spanish discouraging posts more often emphasized side
effects, safety, and the health system. This suggests that
vaccine hesitancy was not uniform across language groups
and that communication strategies should not assume the
same drivers across populations.

Second, some predictors of uptake were common across
groups. Posts discussing vaccine availability and vaccine
safety were positively associated with vaccination in
2021, and posts debunking misinformation were positively
associated with vaccination in 2022. These findings are
consistent with the view that practical access information,
trust-building content, and correction of false claims are
important components of effective vaccine communication.

Third, some predictors were specific to Hispanic vacci-
nation uptake. Encouraging posts and religion-related posts
were positively associated with new Hispanic vaccinations in
2021, but not with total vaccinations in the same way. This
is particularly important because it suggests that culturally
grounded content may matter above and beyond general
informational messaging.

The significance of religion-related posts is consistent
with prior literature showing that religiosity can shape
health behavior [57]. In some communities, faith leaders and
faith-based institutions serve as highly trusted intermediaries.
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In such settings, messages framed around protecting family,
stewardship, and community responsibility may resonate
more strongly than messages framed only in technical
or institutional terms. These findings suggest that partner-
ships with churches and faith-based organizations may be
especially valuable in public health outreach to Hispanic
communities.

The findings of this study provide several actiona-
ble recommendations for public health officials. Social
media interventions targeting vaccine-hesitant populations,
particularly in the Hispanic community, should be designed
with cultural sensitivity in mind [58]. For example, incor-
porating bilingual content and collaborating with trusted
community figures—such as religious leaders or local health
care providers—could enhance the credibility and reach of
these interventions. Furthermore, posts that emphasize family
protection, community well-being, and the dispelling of
myths related to vaccine safety and efficacy have been shown
to resonate well with Hispanic audiences [77]. By focusing
on culturally appropriate messaging and leveraging trusted
networks within these communities, public health efforts can
more effectively counter vaccine misinformation and build
confidence in the vaccination process.

In summary, the results underscore the importance of
bilingual communication. Because language may shape
how health information is understood and trusted, simply
translating English-language messages may not be sufficient.
Effective outreach may require culturally aligned framing, not
just linguistic conversion.

Limitations

This study has several limitations. First, the dataset included
only posts from public Facebook pages and groups, which
may not represent the views of people using private groups,
other platforms, or no social media at all. Second, language
is not a perfect proxy for ethnicity, and thus, it cannot
be assumed that Spanish-language posts come only from
Hispanic users or English-language posts come only from
non-Hispanic users. Third, because multiple posts shared the
same daily vaccination outcome, the observational structure
limits causal interpretation even though clustered SEs were
used. Fourth, GPT-4 annotation, while strong overall, was not
perfect and may have introduced measurement errors in some
categories. Finally, the models did not fully capture broader
cultural, structural, or offline influences on vaccine behavior.

Conclusions

This study examined how stance, misinformation, and
topic content in English and Spanish Facebook posts were
associated with new daily vaccinations in Tarrant County,
Texas, during 2021 and 2022. The findings showed that social
media discourse differed meaningfully across languages and
over time and that some message types were associated
with higher vaccination uptake. Across both populations,
posts addressing vaccine availability, safety, and misinfor-
mation debunking were associated with higher uptake.
For the Hispanic population specifically, encouraging posts
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and religion-related posts were also significant predictors, in future emergencies, and they suggest that social media
suggesting culturally specific dynamics. analysis can help identify which kinds of messages may be

. most useful for reaching specific communities.
Taken together, these findings support the use of targeted, £5p

culturally responsive, and bilingual public health messaging

Acknowledgments

We thank Will Chen, Keren Valdez, Breanna Guerrero, and Diana Tostado for their contributions to data annotation. We also
thank Henry Isaac Andreson for feedback on data collection and annotation. Generative artificial intelligence was not used to
generate any portion of this manuscript.

Funding

This research received partial funding (project number: 1INH750T000054-01-00) through Tarrant County Public Health/CDC
(project title: National Initiative to Address COVID-19 Health Disparities Among Populations at High-Risk and Underserved,
Including Racial and Ethnic Minority Populations and Rural Communities).

Data Availability

The vaccination datasets analyzed in this study are not publicly available due to access restrictions imposed by Tarrant County.
Facebook data are available from the corresponding author upon reasonable request.

Conflicts of Interest
None declared.

Multimedia Appendix 1

Labeling guidelines.
[DOCX File (Microsoft Word File), 18 KB-Multimedia Appendix 1]

Multimedia Appendix 2

Example posts for each category.
[DOCX File (Microsoft Word File), 21 KB-Multimedia Appendix 2]

Multimedia Appendix 3

List of prompts.
[DOCX File (Microsoft Word File), 19 KB-Multimedia Appendix 3]

Multimedia Appendix 4

Full regression tables.
[DOCX File (Microsoft Word File), 24 KB-Multimedia Appendix 4]

References

1. Al-Jayyousi GF, Sherbash MAM, Ali LAM, et al. Factors influencing public attitudes towards COVID-19 vaccination: a
scoping review informed by the socio-ecological model. Vaccines (Basel). May 24, 2021;9(6):548. [doi: 10.3390/
vaccines9060548] [Medline: 34073757]

2. Greenwood B. The contribution of vaccination to global health: past, present and future. Philos Trans R Soc Lond B Biol
Sci. 2014;369(1645):20130433. [doi: 10.1098/rstb.2013.0433] [Medline: 24821919]

3. Malik AA, McFadden SM, Elharake J, Omer SB. Determinants of COVID-19 vaccine acceptance in the US.
EClinicalMedicine. Sep 2020;26:100495. [doi: 10.1016/j.eclinm.2020.100495] [Medline: 32838242]

4. Ten threats to global health in 2019. World Health Organization. URL: https://www.who.int/news-room/spotlight/ten-
threats-to-global-health-in-2019 [Accessed 2024-02-15]

5. Dhama K, Sharun K, Tiwari R, et al. COVID-19 vaccine hesitancy - reasons and solutions to achieve a successful global
vaccination campaign to tackle the ongoing pandemic. Hum Vaccin Immunother. Oct 3, 2021;17(10):3495-3499. [doi:
10.1080/21645515.2021.1926183] [Medline: 34191680]

6.  Sallam M. COVID-19 vaccine hesitancy worldwide: a concise systematic review of vaccine acceptance rates. Vaccines
(Basel). Feb 16,2021;9(2):160. [doi: 10.3390/vaccines9020160] [Medline: 33669441]

7. Allington D, McAndrew S, Moxham-Hall V, Duffy B. Coronavirus conspiracy suspicions, general vaccine attitudes,

trust and coronavirus information source as predictors of vaccine hesitancy among UK residents during the COVID-19
pandemic. Psychol Med. Jan 2023;53(1):236-247. [doi: 10.1017/S0033291721001434] [Medline: 33843509]

https://ojphi.jmir.org/2026/1/e72465 Online J Public Health Inform 2026 | vol. 18 172465 | p. 14
(page number not for citation purposes)


https://jmir.org/api/download?alt_name=ojphi_v18i1e72465_app1.docx
https://jmir.org/api/download?alt_name=ojphi_v18i1e72465_app1.docx
https://jmir.org/api/download?alt_name=ojphi_v18i1e72465_app2.docx
https://jmir.org/api/download?alt_name=ojphi_v18i1e72465_app2.docx
https://jmir.org/api/download?alt_name=ojphi_v18i1e72465_app3.docx
https://jmir.org/api/download?alt_name=ojphi_v18i1e72465_app3.docx
https://jmir.org/api/download?alt_name=ojphi_v18i1e72465_app4.docx
https://jmir.org/api/download?alt_name=ojphi_v18i1e72465_app4.docx
https://doi.org/10.3390/vaccines9060548
https://doi.org/10.3390/vaccines9060548
http://www.ncbi.nlm.nih.gov/pubmed/34073757
https://doi.org/10.1098/rstb.2013.0433
http://www.ncbi.nlm.nih.gov/pubmed/24821919
https://doi.org/10.1016/j.eclinm.2020.100495
http://www.ncbi.nlm.nih.gov/pubmed/32838242
https://www.who.int/news-room/spotlight/ten-threats-to-global-health-in-2019
https://www.who.int/news-room/spotlight/ten-threats-to-global-health-in-2019
https://doi.org/10.1080/21645515.2021.1926183
http://www.ncbi.nlm.nih.gov/pubmed/34191680
https://doi.org/10.3390/vaccines9020160
http://www.ncbi.nlm.nih.gov/pubmed/33669441
https://doi.org/10.1017/S0033291721001434
http://www.ncbi.nlm.nih.gov/pubmed/33843509
https://ojphi.jmir.org/2026/1/e72465

ONLINE JOURNAL OF PUBLIC HEALTH INFORMATICS Aleksandric et al

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Robinson E, Jones A, Lesser I, Daly M. International estimates of intended uptake and refusal of COVID-19 vaccines: a
rapid systematic review and meta-analysis of large nationally representative samples. Vaccine (Auckl). Apr 8,
2021;39(15):2024-2034. [doi: 10.1016/j.vaccine.2021.02.005] [Medline: 33722411]

Adu P, Poopola T, Medvedev ON, et al. Implications for COVID-19 vaccine uptake: a systematic review. J Infect Public
Health. Mar 2023;16(3):441-466. [doi: 10.1016/j.jiph.2023.01.020] [Medline: 36738689]

Nguyen KH, Srivastav A, Razzaghi H, et al. COVID-19 vaccination intent, perceptions, and reasons for not vaccinating
among groups prioritized for early vaccination - United States, September and December 2020. Am J Transplant. Apr
2021;21(4):1650-1656. [doi: 10.1111/ajt.16560] [Medline: 33788992]

Willis DE, Andersen JA, Bryant-Moore K, et al. COVID-19 vaccine hesitancy: race/ethnicity, trust, and fear. Clinical
Translational Sci. Nov 2021;14(6):2200-2207. [doi: 10.1111/cts.13077]

Matthews KRW, Lakshmanan R. Vaccine hesitancy and resistance in Texas: an analysis of testimony from the 2021
Texas state legislative session. Rice University’s Baker Institute for Public Policy; 2022. [doi: 10.25613/NE2G-HK67]
Artiga S. Growing gaps in COVID-19 vaccinations among Hispanic people. The Kaiser Family Foundation. 2021. URL:
https://www kff.org/policy-watch/growing-gaps-covid-19-vaccinations-hispanic-people/ [Accessed 2024-02-20]
Rosbach M. Medical mistrust, misinformation factor into Latino vaccine hesitancy, OSU study finds. Oregon State
University. 2021. URL: https://today .oregonstate.edu/news/medical-mistrust-misinformation-factor-latino-vaccine-
hesitancy-osu-study-finds [Accessed 2026-04-10]

Jayasurya GG, Kumar S, Singh BK, Kumar V. Analysis of public sentiment on COVID-19 vaccination using Twitter.
IEEE Trans Comput Soc Syst. 2022;9(4):1101-1111. [doi: 10.1109/TCSS.2021.3122439]

Jemielniak D, Krempovych Y. An analysis of AstraZeneca COVID-19 vaccine misinformation and fear mongering on
Twitter. Public Health (Fairfax). Nov 2021;200:4-6. [doi: 10.1016/j.puhe.2021.08.019] [Medline: 34628307]

Marcec R, Likic R. Using Twitter for sentiment analysis towards AstraZeneca/Oxford, Pfizer/BioNTech and Moderna
COVID-19 vaccines. Postgrad Med J. Jul 2022;98(1161):544-550. [doi: 10.1136/postgradmedj-2021-140685] [Medline:
34373343]

Ortiz-Séanchez E, Velando-Soriano A, Pradas-Herndndez L, et al. Analysis of the anti-vaccine movement in social
networks: a systematic review. Int J Environ Res Public Health. Jul 27, 2020;17(15):5394. [doi: 10.3390/
ijerph17155394] [Medline: 32727024]

Alam KN, Khan MS, Dhruba AR, et al. Deep learning-based sentiment analysis of COVID-19 vaccination responses
from Twitter data. Comput Math Methods Med. 2021;2021:4321131. [doi: 10.1155/2021/4321131] [Medline: 34899965]
Piedrahita-Valdés H, Piedrahita-Castillo D, Bermejo-Higuera J, et al. Vaccine hesitancy on social media: sentiment
analysis from June 2011 to April 2019. Vaccines (Basel). Jan 7, 2021;9(1):28. [doi: 10.3390/vaccines9010028]
[Medline: 33430428]

Ali G, Rahman MM, Hossain MA, et al. Public perceptions of COVID-19 vaccines: policy implications from US
spatiotemporal sentiment analytics. Healthcare (Basel). Aug 27,2021;9(9):1110. [doi: 10.3390/healthcare9091110]
[Medline: 34574884]

Chen Q, Crooks A. Analyzing the vaccination debate in social media data pre- and post-COVID-19 pandemic. Int J Appl
Earth Obs Geoinf. Jun 2022;110:102783. [doi: 10.1016/j.jag.2022.102783] [Medline: 35528967]

Melton CA, Olusanya OA, Ammar N, Shaban-Nejad A. Public sentiment analysis and topic modeling regarding
COVID-19 vaccines on the Reddit social media platform: a call to action for strengthening vaccine confidence. J Infect
Public Health. Oct 2021;14(10):1505-1512. [doi: 10.1016/].jiph.2021.08.010] [Medline: 34426095]

Yousefinaghani S, Dara R, Mubareka S, Papadopoulos A, Sharif S. An analysis of COVID-19 vaccine sentiments and
opinions on Twitter. Int J Infect Dis. Jul 2021;108:256-262. [doi: 10.1016/.ijid.2021.05.059] [Medline: 34052407]
Melton CA, White BM, Davis RL, Bednarczyk RA, Shaban-Nejad A. Fine-tuned sentiment analysis of COVID-19
vaccine-related social media data: comparative study. J Med Internet Res. Oct 17,2022;24(10):e40408. [doi: 10.2196/
40408] [Medline: 36174192]

Muric G, Wu Y, Ferrara E. COVID-19 vaccine hesitancy on social media: building a public Twitter data set of
antivaccine content, vaccine misinformation, and conspiracies. JMIR Public Health Surveill. Nov 17,
2021;7(11):30642. [doi: 10.2196/30642] [Medline: 34653016]

Ngai CSB, Singh RG, Yao L. Impact of COVID-19 vaccine misinformation on social media virality: content analysis of
message themes and writing strategies. ] Med Internet Res. Jul 6, 2022;24(7):¢37806. [doi: 10.2196/37806] [Medline:
35731969]

Liew TM, Lee CS. Examining the utility of social media in COVID-19 vaccination: unsupervised learning of 672,133
Twitter posts. JMIR Public Health Surveill. Nov 3,2021;7(11):e29789. [doi: 10.2196/29789] [Medline: 34583316]

https://ojphi.jmir.org/2026/1/e72465 Online J Public Health Inform 2026 | vol. 18 | €72465 | p. 15

(page number not for citation purposes)


https://doi.org/10.1016/j.vaccine.2021.02.005
http://www.ncbi.nlm.nih.gov/pubmed/33722411
https://doi.org/10.1016/j.jiph.2023.01.020
http://www.ncbi.nlm.nih.gov/pubmed/36738689
https://doi.org/10.1111/ajt.16560
http://www.ncbi.nlm.nih.gov/pubmed/33788992
https://doi.org/10.1111/cts.13077
https://doi.org/10.25613/NE2G-HK67
https://www.kff.org/policy-watch/growing-gaps-covid-19-vaccinations-hispanic-people/
https://today.oregonstate.edu/news/medical-mistrust-misinformation-factor-latino-vaccine-hesitancy-osu-study-finds
https://today.oregonstate.edu/news/medical-mistrust-misinformation-factor-latino-vaccine-hesitancy-osu-study-finds
https://doi.org/10.1109/TCSS.2021.3122439
https://doi.org/10.1016/j.puhe.2021.08.019
http://www.ncbi.nlm.nih.gov/pubmed/34628307
https://doi.org/10.1136/postgradmedj-2021-140685
http://www.ncbi.nlm.nih.gov/pubmed/34373343
https://doi.org/10.3390/ijerph17155394
https://doi.org/10.3390/ijerph17155394
http://www.ncbi.nlm.nih.gov/pubmed/32727024
https://doi.org/10.1155/2021/4321131
http://www.ncbi.nlm.nih.gov/pubmed/34899965
https://doi.org/10.3390/vaccines9010028
http://www.ncbi.nlm.nih.gov/pubmed/33430428
https://doi.org/10.3390/healthcare9091110
http://www.ncbi.nlm.nih.gov/pubmed/34574884
https://doi.org/10.1016/j.jag.2022.102783
http://www.ncbi.nlm.nih.gov/pubmed/35528967
https://doi.org/10.1016/j.jiph.2021.08.010
http://www.ncbi.nlm.nih.gov/pubmed/34426095
https://doi.org/10.1016/j.ijid.2021.05.059
http://www.ncbi.nlm.nih.gov/pubmed/34052407
https://doi.org/10.2196/40408
https://doi.org/10.2196/40408
http://www.ncbi.nlm.nih.gov/pubmed/36174192
https://doi.org/10.2196/30642
http://www.ncbi.nlm.nih.gov/pubmed/34653016
https://doi.org/10.2196/37806
http://www.ncbi.nlm.nih.gov/pubmed/35731969
https://doi.org/10.2196/29789
http://www.ncbi.nlm.nih.gov/pubmed/34583316
https://ojphi.jmir.org/2026/1/e72465

ONLINE JOURNAL OF PUBLIC HEALTH INFORMATICS Aleksandric et al

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

Aleksandric A, Obasanya MJ, Melcher S, Nilizadeh S, Wilson GM. Your tweets matter: how social media sentiments
associate with COVID-19 vaccination rates in the US. Online J Public Health Inform. 2022;14(1):e2. [doi: 10.5210/
ojphi.v14i1.12419] [Medline: 36120165]

Aleksandric A, Anderson HI, Melcher S, Nilizadeh S, Wilson GM. Spanish Facebook posts as an indicator of COVID-19
vaccine hesitancy in Texas. Vaccines (Basel). Oct 14,2022;10(10):1713. [doi: 10.3390/vaccines10101713] [Medline:
36298580]

Herrera-Peco I, Jiménez-G6omez B, Pefia Deudero JJ, Benitez De Gracia E, Ruiz-Niifiez C. Healthcare professionals’ role
in social media public health campaigns: analysis of Spanish pro vaccination campaign on Twitter. Healthcare (Basel).
Jun 2,2021;9(6):662. [doi: 10.3390/healthcare9060662] [Medline: 34199495]

Herrera-Peco I, Jiménez-Gémez B, Romero Magdalena CS, et al. Antivaccine movement and COVID-19 negationism: a
content analysis of Spanish-written messages on Twitter. Vaccines (Basel). Jun 15, 2021;9(6):656. [doi: 10.3390/
vaccines9060656] [Medline: 34203946]

Ruiz-Nufiez C, Segado-Fernandez S, Jiménez-Gémez B, et al. Bots’ activity on COVID-19 pro and anti-vaccination
networks: analysis of Spanish-written messages on Twitter. Vaccines (Basel). Aug 2, 2022;10(8):1240. [doi: 10.3390/
vaccines10081240] [Medline: 36016126]

Valdez D, Soto-Vasquez AD, Montenegro MS. Geospatial vaccine misinformation risk on social media: online insights
from an English/Spanish natural language processing (NLP) analysis of vaccine-related tweets. Soc Sci Med. Dec
2023;339:116365. [doi: 10.1016/j.socscimed.2023.116365] [Medline: 37984184]

Catalan-Matamoros D, Prieto-Sanchez I, Langbecker A. Crisis communication during COVID-19: English, French,
Portuguese, and Spanish discourse of AstraZeneca vaccine and Omicron variant on social media. Vaccines (Basel). Jun
15,2023;11(6):1100. [doi: 10.3390/vaccines11061100] [Medline: 37376489]

Schmid-Petri H, Biirger M, Schlogl S, Schwind M, Mitrovi¢ J, Kiihn R. The multilingual Twitter-discourse on
vaccination in Germany during the COVID-19 pandemic. Media Commun. 2023;11(1):293-305. [doi: 10.17645/mac.
v11i1.6058]

Lenti J, Mejova Y, Kalimeri K, et al. Global misinformation spillovers in the vaccination debate before and during the
COVID-19 pandemic: multilingual Twitter study. JMIR Infodemiology. May 24, 2023;3:e44714. [doi: 10.2196/44714]
[Medline: 37223965]

Quick facts: Tarrant County, Texas. United States Census Bureau. URL: https://www.census.gov/quickfacts/fact/table/
tarrantcountytexas/PST045223 [Accessed 2026-04-10]

Rosenstock IM. Historical origins of the health belief model. Health Educ Monogr. Dec 1974;2(4):328-335. [doi: 10.
1177/109019817400200403]

McCombs ME, Shaw DL. The agenda-setting function of mass media. Public Opin Q. 1972;36(2):176. [doi: 10.1086/
267990]

ALDayel A, Magdy W. Stance detection on social media: state of the art and trends. Inf Process Manag. Jul
2021;58(4):102597. [doi: 10.1016/].ipm.2021.102597]

Dunn AG, Surian D, Leask J, Dey A, Mandl KD, Coiera E. Mapping information exposure on social media to explain
differences in HPV vaccine coverage in the United States. Vaccine (Auckl). May 25, 2017;35(23):3033-3040. [doi: 10.
1016/j.vaccine.2017.04.060] [Medline: 28461067]

Dyda A, Shah Z, Surian D, et al. HPV vaccine coverage in Australia and associations with HPV vaccine information
exposure among Australian Twitter users. Hum Vaccin Immunother. Aug 3, 2019;15(7-8):1488-1495. [doi: 10.1080/
21645515.2019.1596712]

Tomeny TS, Vargo CJ, El-Toukhy S. Geographic and demographic correlates of autism-related anti-vaccine beliefs on
Twitter, 2009-15. Soc Sci Med. Oct 2017;191:168-175. [doi: 10.1016/j.socscimed.2017.08.041]

Wu L, Morstatter F, Carley KM, Liu H. Misinformation in social media: definition, manipulation, and detection. ACM
SIGKDD Explorations Newsletter. 2019;21(2):80-90. [doi: 10.1145/3373464.3373475]

Ullah I, Khan KS, Tahir MJ, Ahmed A, Harapan H. Myths and conspiracy theories on vaccines and COVID-19: potential
effect on global vaccine refusals. Vacunas. 2021;22(2):93-97. [doi: 10.1016/j.vacun.2021.01.001] [Medline: 33727904]
Kricorian K, Civen R, Equils O. COVID-19 vaccine hesitancy: misinformation and perceptions of vaccine safety. Hum
Vaccin Immunother. Dec 31, 2022;18(1):1950504. [doi: 10.1080/21645515.2021.1950504] [Medline: 34325612]

Pierri F, Perry BL, DeVerna MR, et al. Online misinformation is linked to early COVID-19 vaccination hesitancy and
refusal. Sci Rep. Apr 26, 2022;12(1):5966. [doi: 10.1038/541598-022-10070-w] [Medline: 35474313]

Romer D, Jamieson KH. Conspiracy theories as barriers to controlling the spread of COVID-19 in the U.S. Soc Sci Med.
Oct 2020;263:113356. [doi: 10.1016/j.socscimed.2020.113356]

Carrieri V, Guthmuller S, Wiibker A. Trust and COVID-19 vaccine hesitancy. Sci Rep. Jun 7, 2023;13(1):9245. [doi: 10.
1038/541598-023-35974-z] [Medline: 37286569]

https://ojphi.jmir.org/2026/1/e72465 Online J Public Health Inform 2026 | vol. 18 | €72465 | p. 16

(page number not for citation purposes)


https://doi.org/10.5210/ojphi.v14i1.12419
https://doi.org/10.5210/ojphi.v14i1.12419
http://www.ncbi.nlm.nih.gov/pubmed/36120165
https://doi.org/10.3390/vaccines10101713
http://www.ncbi.nlm.nih.gov/pubmed/36298580
https://doi.org/10.3390/healthcare9060662
http://www.ncbi.nlm.nih.gov/pubmed/34199495
https://doi.org/10.3390/vaccines9060656
https://doi.org/10.3390/vaccines9060656
http://www.ncbi.nlm.nih.gov/pubmed/34203946
https://doi.org/10.3390/vaccines10081240
https://doi.org/10.3390/vaccines10081240
http://www.ncbi.nlm.nih.gov/pubmed/36016126
https://doi.org/10.1016/j.socscimed.2023.116365
http://www.ncbi.nlm.nih.gov/pubmed/37984184
https://doi.org/10.3390/vaccines11061100
http://www.ncbi.nlm.nih.gov/pubmed/37376489
https://doi.org/10.17645/mac.v11i1.6058
https://doi.org/10.17645/mac.v11i1.6058
https://doi.org/10.2196/44714
http://www.ncbi.nlm.nih.gov/pubmed/37223965
https://www.census.gov/quickfacts/fact/table/tarrantcountytexas/PST045223
https://www.census.gov/quickfacts/fact/table/tarrantcountytexas/PST045223
https://doi.org/10.1177/109019817400200403
https://doi.org/10.1177/109019817400200403
https://doi.org/10.1086/267990
https://doi.org/10.1086/267990
https://doi.org/10.1016/j.ipm.2021.102597
https://doi.org/10.1016/j.vaccine.2017.04.060
https://doi.org/10.1016/j.vaccine.2017.04.060
http://www.ncbi.nlm.nih.gov/pubmed/28461067
https://doi.org/10.1080/21645515.2019.1596712
https://doi.org/10.1080/21645515.2019.1596712
https://doi.org/10.1016/j.socscimed.2017.08.041
https://doi.org/10.1145/3373464.3373475
https://doi.org/10.1016/j.vacun.2021.01.001
http://www.ncbi.nlm.nih.gov/pubmed/33727904
https://doi.org/10.1080/21645515.2021.1950504
http://www.ncbi.nlm.nih.gov/pubmed/34325612
https://doi.org/10.1038/s41598-022-10070-w
http://www.ncbi.nlm.nih.gov/pubmed/35474313
https://doi.org/10.1016/j.socscimed.2020.113356
https://doi.org/10.1038/s41598-023-35974-z
https://doi.org/10.1038/s41598-023-35974-z
http://www.ncbi.nlm.nih.gov/pubmed/37286569
https://ojphi.jmir.org/2026/1/e72465

ONLINE JOURNAL OF PUBLIC HEALTH INFORMATICS Aleksandric et al

51. Lee SK, SunJ, Jang S, Connelly S. Misinformation of COVID-19 vaccines and vaccine hesitancy. Sci Rep. Aug 11,
2022;12(1):13681. [doi: 10.1038/s41598-022-17430-6] [Medline: 35953500]

52. YangZ,Luo X, Jia H. Is it all a conspiracy? Conspiracy theories and people’s attitude to COVID-19 vaccination.
Vaccines (Basel). Sep 22, 2021;9(10):1051. [doi: 10.3390/vaccines9101051] [Medline: 34696159]

53. Luo X, Jia H. When scientific literacy meets nationalism: exploring the underlying factors in the Chinese public’s belief
in COVID-19 conspiracy theories. Chinese Journal of Communication. Apr 3, 2022;15(2):227-249. [doi: 10.1080/
17544750.2021.1954963]

54. Jarrett C, Wilson R, O’Leary M, Eckersberger E, Larson HJ. Strategies for addressing vaccine hesitancy — a systematic
review. Vaccine (Auckl). Aug 2015;33(34):4180-4190. [doi: 10.1016/j.vaccine.2015.04.040]

55. Peters MDJ. Addressing vaccine hesitancy and resistance for COVID-19 vaccines. Int J Nurs Stud. Jul 2022;131:104241.
[doi: 10.1016/j.ijnurstu.2022.104241] [Medline: 35489108]

56. Kalra S, Kalra D, Grafova I, et al. Association of death or illness from COVID-19 among family and friends on vaccine
uptake within four months of the emergency use authorization. Findings from a national survey in the United States.
Vaccine (Auckl). Mar 17, 2023;41(12):1911-1915. [doi: 10.1016/j.vaccine.2023.01.024] [Medline: 36682984]

57. Garcia LL, Yap JFC. The role of religiosity in COVID-19 vaccine hesitancy. J Public Health (Bangkok). Sep 22,
2021;43(3):€529-e530. [doi: 10.1093/pubmed/fdab192]

58.  Smith DG, Smith CD, DeLeon JA, et al. Factors influencing COVID-19 vaccine uptake among Latinos: a cross-sectional
study. PLoS ONE. 2024;19(7):e0302332. [doi: 10.1371/journal.pone.0302332] [Medline: 38968176]

59. Aleksandric A, Dangal A, Nilizadeh S, Mustata Wilson G. Facebook post credibility as a predictor of vaccine hesitancy
in the US. Stud Health Technol Inform. Jan 25, 2024;310:981-985. [doi: 10.3233/SHT1231111] [Medline: 38269955]

60. Karabela SN, Coskun F, Hosgor H. Investigation of the relationships between perceived causes of COVID-19, attitudes
towards vaccine and level of trust in information sources from the perspective of Infodemic: the case of Turkey. BMC
Public Health. Jun 23, 2021;21(1):1195. [doi: 10.1186/s12889-021-11262-1] [Medline: 34158015]

61. Mgnsted B, Lehmann S. Characterizing polarization in online vaccine discourse-a large-scale study. PLoS ONE.
2022;17(2):¢0263746. [doi: 10.1371/journal.pone.0263746] [Medline: 35139121]

62. Facebook. URL: https://www.facebook.com/ [Accessed 2024-02-21]

63. Social media fact sheet. Pew Research Center. 2025. URL: https://www .pewresearch.org/internet/fact-sheet/social-
media/ [Accessed 2026-04-10]

64. CrowdTangle. GitHub. URL: https://github.com/CrowdTangle/API [Accessed 2026-04-20]

65. DeVerna MR, Pierri F, Truong BT, et al. CoVaxxy: a collection of English-language Twitter posts about COVID-19
vaccines. Proceedings of the International AAAI Conference on Web and Social Media. 2021;15:992-999. [doi: 10.1609/
icwsm.v15il.18122]

66. U.S. Department of Health and Human Services. 45 CFR 46.104 (d)(2i): Exempt research. Code of Federal Regulations.
URL: https://www.ecfr.gov/current/title-45/subtitle-A/subchapter-A/part-46/subpart-A/section-46.104 [Accessed
2026-04-20]

67. Centers for Disease Control and Prevention (U.S.), Office of the Associate Director for Science. Distinguishing public
health research and public health nonresearch (Policy 557). Centers for Disease Control and Prevention (US). URL:
https://stacks.cdc.gov/view/cdc/24235 [Accessed 2026-04-20]

68. Troiano G, Nardi A. Vaccine hesitancy in the era of COVID-19. Public Health (Fairfax). May 2021;194:245-251. [doi:
10.1016/j.puhe.2021.02.025] [Medline: 33965796]

69. COVID-19 vaccine VIS. Centers for Disease Control and Prevention (US). URL: https://www.cdc.gov/vaccines/hcp/vis/
vis-statements/COVID-19.html [Accessed 2026-04-20]

70. Aldeen M, Luo J, Lian A, et al. ChatGPT vs. human annotators: a comprehensive analysis of ChatGPT for text
annotation. Presented at: 2023 International Conference on Machine Learning and Applications (ICMLA); Dec 15-17,
2023; Jacksonville, FL, USA. [doi: 10.1109/ICMLAS58977.2023.00089]

71. Gilardi F, Alizadeh M, Kubli M. ChatGPT outperforms crowd workers for text-annotation tasks. Proc Natl Acad Sci U S
A. Jul 25,2023;120(30):e2305016120. [doi: 10.1073/pnas.2305016120] [Medline: 37463210]

72. ZhuY,Zhang P, Haq EU, Hui P, Tyson G. Can ChatGPT reproduce human-generated labels? A study of social
computing tasks. arXiv. Preprint posted online on Apr 22,2023. URL.: https://arxiv.org/abs/2304.10145 [Accessed
2024-11-01]

73. ZhuY,Yin Z, Tyson G, Haq EU, Lee LH, Hui P. APT-pipe: a prompt-tuning tool for social data annotation using
ChatGPT. Presented at: ACM Web Conference 2024; May 13-17, 2024; Singapore. [doi: 10.1145/3589334.3645642]

74. Tekumalla R, Banda JM. Leveraging large language models and weak supervision for social media data annotation: an
evaluation using COVID-19 self-reported vaccination tweets. In: Mori H, Asahi Y, Coman A, Vasilache S, Rauterberg

https://ojphi.jmir.org/2026/1/e72465 Online J Public Health Inform 2026 | vol. 18 172465 | p. 17

(page number not for citation purposes)


https://doi.org/10.1038/s41598-022-17430-6
http://www.ncbi.nlm.nih.gov/pubmed/35953500
https://doi.org/10.3390/vaccines9101051
http://www.ncbi.nlm.nih.gov/pubmed/34696159
https://doi.org/10.1080/17544750.2021.1954963
https://doi.org/10.1080/17544750.2021.1954963
https://doi.org/10.1016/j.vaccine.2015.04.040
https://doi.org/10.1016/j.ijnurstu.2022.104241
http://www.ncbi.nlm.nih.gov/pubmed/35489108
https://doi.org/10.1016/j.vaccine.2023.01.024
http://www.ncbi.nlm.nih.gov/pubmed/36682984
https://doi.org/10.1093/pubmed/fdab192
https://doi.org/10.1371/journal.pone.0302332
http://www.ncbi.nlm.nih.gov/pubmed/38968176
https://doi.org/10.3233/SHTI231111
http://www.ncbi.nlm.nih.gov/pubmed/38269955
https://doi.org/10.1186/s12889-021-11262-1
http://www.ncbi.nlm.nih.gov/pubmed/34158015
https://doi.org/10.1371/journal.pone.0263746
http://www.ncbi.nlm.nih.gov/pubmed/35139121
https://www.facebook.com/
https://www.pewresearch.org/internet/fact-sheet/social-media/
https://www.pewresearch.org/internet/fact-sheet/social-media/
https://github.com/CrowdTangle/API
https://doi.org/10.1609/icwsm.v15i1.18122
https://doi.org/10.1609/icwsm.v15i1.18122
https://www.ecfr.gov/current/title-45/subtitle-A/subchapter-A/part-46/subpart-A/section-46.104
https://stacks.cdc.gov/view/cdc/24235
https://doi.org/10.1016/j.puhe.2021.02.025
http://www.ncbi.nlm.nih.gov/pubmed/33965796
https://www.cdc.gov/vaccines/hcp/vis/vis-statements/COVID-19.html
https://www.cdc.gov/vaccines/hcp/vis/vis-statements/COVID-19.html
https://doi.org/10.1109/ICMLA58977.2023.00089
https://doi.org/10.1073/pnas.2305016120
http://www.ncbi.nlm.nih.gov/pubmed/37463210
https://arxiv.org/abs/2304.10145
https://doi.org/10.1145/3589334.3645642
https://ojphi.jmir.org/2026/1/e72465

ONLINE JOURNAL OF PUBLIC HEALTH INFORMATICS Aleksandric et al

75.

76.

77.

M, editors. HCI International 2023 — Late Breaking Papers HCII 2023 Lecture Notes in Computer Science. Vol 14056.
Springer; 2023:356-366. [doi: 10.1007/978-3-031-48044-7 26]

Wei J, Wang X, Schuurmans D, et al. Chain-of-thought prompting elicits reasoning in large language models. Presented
at: 36th International Conference on Neural Information Processing Systems; Nov 28 to Dec 9, 2022; New Orleans, LA,
USA. [doi: 10.5555/3600270.3602070]

JiZ,YuT,XuY,LeeN,]Ishii E, Fung P. Towards mitigating LLM hallucination via self reflection. In: Bouamor H, Pino
J, Bali K, editors. Findings of the Association for Computational Linguistics: EMNLP 2023. Association for
Computational Linguistics; 2023:1827-1843. [doi: 10.18653/v1/2023 findings-emnlp.123]

AuYoung M, Rodriguez Espinosa P, Chen WT, et al. Addressing racial/ethnic inequities in vaccine hesitancy and
uptake: lessons learned from the California alliance against COVID-19.J Behav Med. Apr 2023;46(1-2):153-166. [doi:
10.1007/s10865-022-00284-8] [Medline: 35066696]

Abbreviations

LLM: large language model
WHO : World Health Organization

Edited by Edward Mensah; peer-reviewed by Joseph Luchman, Ran Zhang; submitted 10.Feb.2025; final revised version
received 05.Jan.2026; accepted 17 .Jan.2026; published 27 .Apr.2026

Please cite as:

Aleksandric A, Dangal A, Nilizadeh S, Mustata Wilson G

Assessment of the Cultural Nuances in COVID-19 Vaccine Uptake Through a Comparative Analysis of English and Spanish
Facebook Posts in Tarrant County, Texas: Longitudinal Study

Online J Public Health Inform 2026,18:¢72465

URL: https://ojphi.jmir.org/2026/1/e72465

doi: 10.2196/72465

© Ana Aleksandric, Anisha Dangal, Shirin Nilizadeh, Gabriela Mustata Wilson. Originally published in the Online Journal
of Public Health Informatics (https://ojphi.jmir.org/), 27.Apr.2026. This is an open-access article distributed under the terms
of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work, first published in the Online Journal of Public
Health Informatics, is properly cited. The complete bibliographic information, a link to the original publication on https:/
ojphi.jmir.org/, as well as this copyright and license information must be included.

https://ojphi.jmir.org/2026/1/e72465 Online J Public Health Inform 2026 | vol. 18 | €72465 | p. 18

(page number not for citation purposes)


https://doi.org/10.1007/978-3-031-48044-7_26
https://doi.org/10.5555/3600270.3602070
https://doi.org/10.18653/v1/2023.findings-emnlp.123
https://doi.org/10.1007/s10865-022-00284-8
http://www.ncbi.nlm.nih.gov/pubmed/35066696
https://ojphi.jmir.org/2026/1/e72465
https://doi.org/10.2196/72465
https://ojphi.jmir.org/
https://creativecommons.org/licenses/by/4.0/
https://ojphi.jmir.org/
https://ojphi.jmir.org/
https://ojphi.jmir.org/2026/1/e72465

	Assessment of the Cultural Nuances in COVID-19 Vaccine Uptake Through a Comparative Analysis of English and Spanish Facebook Posts in Tarrant County, Texas: Longitudinal Study
	Introduction
	Background
	Variables

	Methods
	Overview
	Facebook Data Collection
	Ethical Considerations
	Data Filtering
	Post Classification Ground-Truth Dataset
	ChatGPT Labeling
	Model Evaluation
	Additional Manual Verification
	Descriptive Statistics
	Statistical Analysis

	Results
	Regression Analysis of Social Media Content and Vaccination Outcomes
	Trends in 2021
	Trends in 2022

	Discussion
	Principal Findings
	Limitations
	Conclusions



