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Abstract

Purpose.—The purpose of this study was to assess differences in COVID-19 vaccine willingness
and uptake between rural and nonrural adults, and within rural racial-ethnic groups.

Methods.—We utilized data from the COVID-19’s Unequal Racial Burden online survey, which
included 1,500 Black/African American, Latino, and White rural adults (n=500 each). Baseline
(12/2020-2/2021) and 6-month follow-up (8/2021-9/2021) surveys were administered. A cohort
of nonrural Black/African American, Latino, and White adults (n=2,277) was created to compare
differences between rural and nonrural communities. Multinomial logistic regression was used to
assess associations between rurality, race-ethnicity, and vaccine willingness and uptake.

Findings.—At baseline, only 24.9% of rural adults were extremely willing to be vaccinated and
28.4% were not at all willing. Rural White adults were least willing to be vaccinated, compared
to nonrural White adults (extremely willing: aOR=0.44, 95% C1=0.30-0.64). At follow-up, 69.3%
of rural adults were vaccinated; however, only 25.3% of rural adults who reported being unwilling
to vaccinate were vaccinated at follow-up, compared to 95.6% of adults who were extremely
willing to be vaccinated and 76.3% who were unsure. Among those unwilling to vaccinate at
follow-up, almost half reported distrust in the government (52.3%) and drug companies (46.2%);
80% reported that nothing would change their minds regarding vaccination.

Conclusions.—By August 2021 almost 70% of rural adults were vaccinated. However, distrust
and misinformation were prevalent among those unwilling to vaccinate at follow-up. To continue
to effectively combat COVID-19 in rural communities, we need to address misinformation to
increase COVID-19 vaccination rates.
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Introduction

Vaccination remains one of the most effective measures against COVID-19 infection and
mortality,1:2 yet COVID-19 vaccine hesitancy and uptake remains a concern in the United
States3# as boosters continue to be recommended.®> As of November 30, 2022, 78.6% of
adults =18 years old have been fully immunized in the United States (1 dose of the Johnson
and Johnson vaccine or 2 doses of Pfizer or Moderna), and 13.9% adults have received an
updated (bivalent) booster dose.8 While these numbers reflect that a majority of Americans
have at least some protection from COVID-19, disparities in vaccination willingness and
uptake have been observed within rural communities and racial-ethnic minorities,37-
despite these groups being at higher risk for COVID-19 infection, hospitalization, and
death.10-12 These disparities have been shown to be a result of both structural racism and
social determinants of health which place racial-ethnic minorities at higher risk for both
contracting COVID-19 and having worse outcomes once infected.1113.14 Rural adults are
also at increased risk for COVID-related morbidity and mortality because they are more
likely to have comorbid conditions, 1516 |ess likely to have access to health facilities, 1718
and are on average older than those living in urban areas.1® These risk factors, among
others, make rural adults more susceptible to COVID-19, particularly without the protection
afforded with vaccination.20-22

We have previously reported notable differences by race-ethnicity in intent to be vaccinated
using data from the nationally representative COVID-19’s Unequal Racial Burden (CURB)
survey. Overall, we found that Black/African American adults were significantly less likely
than White adults to report being extremely willing to be vaccinated, while English-speaking
and Spanish-speaking Latino adults were as likely and more likely, respectively, than White
adults to report being extremely willing to be vaccinated in early 2021.3 However, despite
our study and others, it remains unclear how rural locale may intersect with race-ethnicity
to impact vaccination willingness and uptake, which could provide important information

to help tailor vaccination campaigns and community outreach. There are also relatively

few studies which have assessed how initial COVID-19 vaccine willingness correlates with
vaccination uptake, 2324 and none have been conducted among US adults. Thus, the purpose
of this study was to 1) measure differences in vaccination willingness and uptake between
rural and nonrural adults, 2) assess how vaccine willingness is associated with vaccination
uptake among rural adults, and 3) identify the primary concerns surrounding vaccination,
both before and after the vaccine was widely available to adults in the United States,

among rural adults using data from a nationally representative sample of rural Black/African
American, Latino (English- and Spanish-speaking), and White adults.
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Methods

Survey Design and Study Populations

For this study, we utilized baseline and 6-month follow-up data from the COVID-19’s
Unequal Racial Burden (CURB) online survey, which was conducted to measure the
social, behavioral, and economic impact of the COVID-19 pandemic among diverse
populations.3-2> Baseline surveys were completed between December 17, 2020 and February
17, 2021 and 6-month follow-up surveys were completed between August 16, 2021 and
September 9, 2021. Of note, the Pfizer-BioNTech and Moderna COVID-19 vaccines were
approved for emergency use authorization at the time of the baseline survey (December
11-18, 2020); however, the initial rollout was slow and vaccines were prioritized for
individuals with in high-risk settings (e.g., healthcare providers, adults living in long-term
care facilities)28 or adults with high-risk conditions (e.g., heart disease, cancer)?”. Vaccines
became available to all individuals =16 years old in all 50 states and Washington, D.C by
April 19, 2021 (some states expanded eligibility earlier that month).28

The baseline CURB survey consisted of three separate cohorts: a nationally representative
sample of all adults living in the U.S. (main sample, n=5,500), a nationally representative
sample of rural Black/African American, Latino, and White rural adults (n=1,500), and a
nationally representative sample of low-income Black/African American, Latino, and White
low-income adults (n=1,500). The main, rural, and low-income samples were mutually
exclusive; thus, in total, 8,500 adults were surveyed as part of the CURB study.

Additional information on the development of the baseline CURB survey has been detailed
elsewhere.325 Briefly, all CURB survey participants were recruited from the YouGov
proprietary, opt-in survey panel comprised of over 1.8 million US residents. To obtain
nationally representative estimates of rural adults, YouGov first generated a theoretical
cohort (target sample) of 1,500 rural adults from the 2016 Current Population Survey. Panel
members who self-reported living in a rural residence (small town or rural area) were then
proximity matched to the rural target sample until quotas were met, using race-ethnicity,
gender, age, education, language preference (Latino sample only).

After quotas were met, survey weights for each racial-ethnic group were calculated using
multivariable logistic regression, adjusting for age, gender, education, and Census region.
Overall, this combination of weighting and matching allowed us to generate nationally
representative cohorts of rural adults within each racial-ethnic group (e.g., rural White
participants represent all rural White adults in the U.S.).

We created a nonrural comparison group by selecting the nonrural Black/African American,
Latino, and White participants from the main sample. Of the 3,000 Black/African American,
Latino, and White participants in the CURB main sample, we identified 840 nonrural
Black/African American, 874 nonrural Latino, and 563 nonrural White adults (n=2,277).
Additional weights for the nonrural comparison group were calculated to generate nationally
representative estimates for these populations (e.g., nonrural Black/African American
participants represent all nonrural Black/African American adults in the U.S.).
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Vaccine Willingness, Concerns, and Uptake

Vaccine willingness and concerns were measured using two questions from the baseline
survey. First, all participants were asked “If a COVID-19 vaccine becomes available, how
likely are you to get vaccinated?” with response options including: not at all likely, slightly
likely, moderately likely, very likely, and extremely likely. Responses were then collapsed
into a 3-level variable for analysis (not at all, slightly likely/moderately likely/very likely
[unsure], and extremely likely). This definition has been used previously.3 Vaccine concerns
were assessed by asking, “Would any of the following concerns keep you from getting

the vaccine?” Concerns included: concerns about the cost, not knowing where to get the
vaccine, concerns about its safety, concerns about how effective it will be, concerns about
side effects, other (specify), and | have no concerns about getting the vaccine. Written
responses for “other concerns” that would keep them from getting a COVID-19 vaccine
were independently coded by two coders to identify salient themes, create theme definitions,
and select illustrative quotes. The coders then met until consensus was reached.

Vaccine uptake was measured in the 6-month follow-up survey; participants were asked
“How would you describe your personal situation regarding COVID-19 vaccines?” with the
following responses: | am fully vaccinated against COVID-19; I have started the vaccination
process, but need another shot; | plan to get vaccinated; | will not get vaccinated; I’'m

not sure about getting vaccinated. Responses were again collapsed into a 3-level variable;
vaccinated (fully or partially), planning to/unsure, and will not get vaccinated. Vaccination
status was also dichotomized into vaccinated (fully or partially) and unvaccinated. Those
who reported being fully or partially vaccinated (defined by the Centers for Disease Control
and Prevention as having received the primary series at the time of the CURB surveys), were
also asked which vaccine they received (Pfizer, Moderna, Johnson & Johnson, other [write-
in response]), where they received their vaccine, and how difficult it was to get vaccinated
(not at all difficult, slightly difficult, moderately difficult, very difficult, extremely difficult).

In the follow-up survey, individuals who reported they plan to get vaccinated, will not get
vaccinated, or were unsure were again asked about their vaccination concerns. Concerns
included all responses from the baseline survey, as well as: | plan to wait and see if it

is safe and may get it later; | don’t believe | need a COVID-19 vaccine; | don’t like
vaccines; my doctor has not recommended it; | don’t trust the government; | don’t trust

the drug companies that developed the COVID-19 vaccines; | don’t trust the contents

of the COVID-19 vaccines; | don’t trust the healthcare system. These responses were
added after reviewing the write-in responses from all participants included in the baseline
survey.3 Additionally, in the follow-up survey “concerns about how effective it will be” was
expanded into two response options: 1) concerns about how effective it will be in general,
and 2) concerns about how effective it will be against new variants. Finally, unvaccinated
individuals were asked if there was anything that might help change their mind about being
vaccinated (write-in). Participants who responded that nothing would change their mind
(e.9., “No”, “Nothing. This hyped Covid pandemic is a hoax”, “Absolutely not. | am 100%
against it”) were flagged and counted.

J Rural Health. Author manuscript; available in PMC 2024 September 01.
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Statistical Analyses

Results

Descriptive statistics and Chi-square tests were used to compare vaccine willingness
between rural and nonrural adults, as well as across race-ethnicity, and vaccination concerns.
Multinomial logistic regression was used to compare the odds of being unsure (slightly/
moderately/very willing) or extremely willing, versus not at all willing, between rural and
nonrural adults. Models were adjusted for race-ethnicity, age, gender, health insurance,
chronic conditions associated with increased risk of COVID-19 morbidity and mortality
(cancer diagnosis within the past year, chronic obstructive pulmonary disease, chronic
kidney disease, diabetes, heart conditions, immunocompromised from transplant, obesity,
and sickle cell anemia), self-rated physical health, education, and family annual income.
Interaction terms were used to assess whether associations between rural status and vaccine
willingness significantly differed by race-ethnicity (p-value only); However, race-ethnicity
specific odds ratios were estimated using race-ethnicity specific models (i.e., the analysis
which estimated the association between rural and nonrural White adults was restricted

to only White participants). Estimates from the interaction term model and race-ethnicity
specific analyses were consistent. All baseline analyses were weighted to obtain nationally
representative estimates; counts were rounded for easier interpretation.

Chi-square tests were also used to compare differences in vaccination status at 6-month
follow-up between rural and nonrural adults. Finally, Sankey plots were used to visualize
the correlation between vaccine willingness at baseline and uptake at the 6-month follow-up
among rural adults. Due to the smaller sample size at follow-up, follow-up analyses were
unweighted.

Analyses were performed using SAS version 9.4 (SAS Inc., Cary, NC). The National
Institutes of Health Office of IRB Operations determined that this study does not qualify as
human subjects research because YouGov provided de-identified data.

Demographics for the rural and nonrural samples, stratified by race-ethnicity, are reported in
Supplemental Table 1.

Vaccine Willingness among Rural and Nonrural Adults

Overall, 24.9% of rural adults were extremely willing to be vaccinated, 46.7% were unsure,
and 28.4% were not at all willing to be vaccinated. Compared to nonrural adults, rural adults
were slightly less likely to be extremely willing (24.9% vs. 29.3%, p=0.003) and slightly
more likely to be not at all willing (28.4% vs. 23.8%, p=0.002), Figure 1A. After adjusting
for sociodemographics, rural adults, compared to nonrural adults, remained significantly less
likely to be extremely willing to vaccinate (OR=0.71, 95% CI=0.58-0.87), Table 1.

When results were stratified by race-ethnicity, the association between rurality and
willingness differed across race-ethnicity (p<0.0001). White rural adults were substantially
less likely to be extremely willing and unsure to be vaccinated, compared to not at all
willing, than their nonrural counterparts (extremely willing: aOR=0.44, 95% CI1=0.30-0.64;
unsure: aOR=0.57, 95% CI=0.40-0.81), Table 1. Rural Latino adults were also less willing
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to be vaccinated compared to nonrural Latino adults (extremely willing: aOR=0.67, 95%
Cl1=0.47-0.94; unsure: aOR=0.59, 95% C1=0.43-0.80). However, Black/African American
adults were equally as likely to be extremely willing (aOR=1.09, 95% C1=0.74-1.61) and
more likely to be unsure, compared to not at all willing (2ROR=1.65, 95% CI=1.23-2.21) than
nonrural Black/African American adults.

Vaccine Concerns among Rural Adults at Baseline

Side-effects (55.6%), safety (44.7%), and effectiveness (36.7%) were the most common
vaccine concerns among rural adults at baseline. The prevalence of concerns varied
substantially across baseline willingness. For example, rural adults who were extremely
willing to be vaccinated were less likely to report concerns about side effects, compared to
those unsure and not at all willing (28.2% vs. 64.5% and 63.6%, respectively, p<0.0001),
Figure 2. Rural adults who were extremely willing to be vaccinated were also less likely to
report concerns about safety (16.1% vs. 56.2% and 63.8%, p<0.0001), effectiveness (17.8%
vs. 46.4% and 40.1%, p<0.0001), and more likely to report no concerns (53.5% vs. 14.5%
and 15.9%, p<0.0001). Adults not at all willing to be vaccinated were more likely to report
other concerns, compared to those extremely willing and unsure (12.7% vs. 1.7% and 2.7%,
p<0.0001). Smaller differences were seen in vaccine concerns across race-ethnicity, with
rural Black/African American adults being more likely to report most concerns, compared to
Latino and White adults, Supplemental Figure 1.

Vaccine Uptake among Rural and Nonrural Adults

Overall, 620 rural adults (41.3%) and 777 nonrural (34.1%) responded to the follow-up
survey. By September 2021, over two-thirds of rural participants had received at least

one dose of a COVID-19 vaccine; however, rural adults were less likely to be vaccinated
compared to their nonrural counterparts (69.3% vs. 76.2%), p=0.004, Figure 1B. Rural
White adults were significantly more likely to be not at all willing to vaccinate at follow-up,
compared to rural Black/African American and Latino adults (23.8% vs. 12.8% and 15.6%,
p=0.009); however, no significant differences were seen in vaccination rates across racial-
ethnic groups (Black/African American: 69.5%, Latino: 73.3%, White: 66.8%, p=0.32),
Supplemental Figure 2.

Among rural adults, half of those vaccinated (fully or partially) received Pfizer (50.1%;) and
one-third received Moderna (37.5%). Three-quarters of rural vaccinated adults said it was
“not at all difficult” to get vaccinated (74.6%), and <5% reported it was “very difficult”

or “extremely difficult” (3.7%). Almost all rural adults who were extremely willing to be
vaccinated received vaccines (95.6%), and among those who were unsure, three-fourths
were vaccinated at follow-up (76.3%), Figure 3. Only 25.3% of rural adults who were not at
all willing to be vaccinated had received a vaccine by late summer 2021.

Vaccine Concerns at Follow-Up among Unvaccinated Rural Adults

At follow-up, rural adults who reported they would not vaccinate, compared to those

who said they were unsure/plan to vaccinate, were more likely to have concerns about
safety (67.5% vs. 50.7%, p=0.02), say they did not need the vaccine (43.6% vs. 15.1%,
p<0.0001), and were more likely to say they did not trust the government (53.0% vs. 24.7%,

J Rural Health. Author manuscript; available in PMC 2024 September 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Strassle et al.

Page 7

p=0.0001), drug companies (46.2% vs. 21.9%, p=0.0008), vaccine contents (53.0% vs.
21.9%, p<0.0001), or the healthcare system (31.6% vs. 9.6%, p=0.0005), Figure 4. Overall,
81.7% of rural adults who said they would not get vaccinated stated in their open-text
response that nothing would change their minds about getting vaccinated (data not shown).

Discussion

In a nationally representative cohort of 3,000 Black/African American, Latino (English-
and Spanish-speaking), and White rural adults, roughly 25% were extremely willing to be
vaccinated and 25% were not at all willing to be vaccinated in early 2021. Rural White
adults were substantially less willing to be vaccinated for COVID-19 than their nonrural
White counterparts. Relatively no differences were observed between rural and nonrural
Black/African American and Latino adults. By late summer 2021, roughly 70% of rural
adults had been vaccinated, which was lower than their nonrural (76%) counterparts. Again,
rural White adults appeared less likely to be vaccinated than rural Black/African American
and Latino adults, although differences were not statistically significant. Vaccine willingness
at baseline was strongly associated with the likelihood of being vaccinated. Half of all rural
adults who said they would not get vaccinated at follow-up also reported distrust in the
government, drug companies, vaccine contents, and healthcare system, and over 80% said
that nothing would change their minds about vaccination.

Overall, we found that 28% of rural adults were not at all willing to be vaccinated in

early 2021, and that rural adults were less willing to be vaccinated than nonrural adults.
These findings are consistent with prior studies on vaccine willingness during this time
period.2%-31 However, we found the most substantial differences in vaccination willingness
were observed among rural White adults. To the best of our knowledge, this is the first
study to break down COVID-19 vaccine willingness and uptake among rural adults by race-
ethnicity and provides critical insight into how race-ethnicity and other social determinants
of health interplay to impact health behaviors and attitudes.

In the 6-month follow-up survey, rural adults were less likely to be vaccinated compared

to their nonrural (69% vs. 76%) counterparts. These findings are consistent with national
vaccination data documenting lower initial uptake in rural adults.”8:32 These trends have
persisted, and even after almost a year of availability rural vaccine coverage (including
boosters) continues to lag compared to nonrural communities.33 However, contrary to
national trends,34 we found that that rural White adults were significantly more unwilling to
vaccinate at our 6-month follow-up, compared to rural Black/African American and Latino
adults. Interestingly, these differences appeared even though vaccine concerns in early 2021
among rural White adults were similar to their rural Black/African American and Latino
counterparts. To date, no other reports have stratified rural vaccination willingness or uptake
by race-ethnicity, which has limited our ability to create targeted vaccination campaigns in
these communities.

Interestingly, we found that Latinos were the most likely to be extremely willing in our
rural group, despite having similar prevalence of concerns as Black/African American and
White adults. This trend was also seen among our nationally representative, main cohort in
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the CURB survey.3 Despite this, reports have shown that vaccination rates initially lagged
for Latinos,®34 indicating that there were disparities in initial access to the vaccinations
and more barriers experienced by Latino adults, compared to other racial-ethnic groups.
Similar lags in booster vaccinations are now being observed among Latinos (and Black/
African Americans), suggesting that barriers may still persist.34-36 Creating more equitable
access by reducing barriers3” and improving individual and health system readiness®® must
remain a priority for COVID-19 vaccination programs in order to protect communities
disproportionately affected by COVID-19.10.36

The correlation between vaccine willingness in early 2021, before the vaccines were

even widely available, and vaccination status 6-months later provides critical insight and
highlights both the successes and failures of the U.S. vaccination efforts. First, over 90%

of rural adults who were extremely willing were able get at least one dose within the

first 6 months of the rollout. Additionally, 75% of adults who were initially unsure,

and 25% of adults who were not at all willing in early 2021 ultimately went on to

receive at least one dose of the COVID-19 vaccine. Together these findings, as well

as others, highlight that 1) vaccinations appeared to be available to those interested

in receiving them by summer 202128:36 and 2) some minds were able to be changed
regarding COVID-19 vaccination.3%-42 Additional research is needed to determine what role
educational campaigns, observing friends and family safely receive vaccines, work- and
travel-related vaccine mandates, and other mechanisms played in getting these individuals to
ultimately choose to be vaccinated.

Conversely, half of participants who were not at all willing remained unwilling to vaccinate
six months later. Side-effects, safety, and effectiveness were the most common concerns
among rural adults before the vaccine was available, consistent with the vaccine concerns
identified in our nationally representative sample3 and with other studies.#344 These
concerns remained some of the most prevalent at our 6-month follow-up, indicating that
educational campaigns did not alleviate these concerns among those unvaccinated. However,
the impact of misinformation#®46 and politicization’ of COVID-19 vaccines in the U.S.
cannot be understated. In our sample, half of the rural adults who said they would not

get vaccinated at follow-up reported distrust in the government, drug companies, vaccine
contents, and healthcare systems. Over 80% reported that nothing would change their mind
about vaccination. Distrust in the government, vaccine contents and process, and belief that
the vaccine and/or COVID-19 was a government conspiracy were also common concerns
prior to vaccine rollout in our nationally representative CURB sample3; other studies have
also found vaccine misinformation impacted vaccination willingness and uptake.*>46 While
combating misinformation, particularly on social media,*84° has proven to be incredibly
challenging, it is of critical importance to continue to identify successful strategies for
combating misinformation in order to reduce its impact on public health.>0

This study is not without limitations. First, the survey was conducted online; however,
participants were recruited through a variety of methods, and rural individuals were
intentionally over-sampled to produce national estimates. We were unable to recruit enough
rural Spanish-speaking Latinos to meet our enrollment goals, and thus could not conduct
language-specific analyses among our rural Latino cohort. We also only conducted the
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survey in English and Spanish (Latinos only); other languages were excluded. Third,

rural and nonrural status was determined using self-report; however, at least one study
has found that self-reported rural status has relatively good concordance with ZIP-code
derived Rural-Urban Category of Community (RUCA) codes (only 7% of adults living in
a large rural, small rural, or isolated ZIP code incorrectly reported living in an urban area
[20/280]).%1 Fourth, response rates for the 6-month follow-up surveys were relatively low,
41.3% for rural adults, and we were unable to weight our follow-up analyses to be nationally
representative. However, this is one of the first studies which has resampled participants,
allowing us to directly link initial willingness and uptake at an individual level. Finally,
our follow-up survey was conducted in August/September 2021 and these results may not
represent current trends.

Despite these limitations, this study is one of the first nationally representative surveys
among rural Black/African American, Latino, and White adults and provides an important
baseline metric at the time when vaccines were not readily available and compares it to
post-deployment vaccine uptake that can inform vaccination promotion efforts. We are also
one of the first to directly link individual-level willingness and vaccination status, providing
critical insight into vaccination efforts and how initial willingness to vaccinate correlated to
actual vaccine uptake six months later.

In conclusion, while rural White adults were least willing to be vaccinated, compared to
their nonrural counterparts, these differences are not seen in Black/African American and
Latino adults. Individuals who were not at all willing to vaccinate prior to the availability

of COVID-19 vaccines remained unwilling to vaccinate 6 months after they were available;
moreover, half of all rural adults who were unwilling to vaccinate reported distrust in the
government, drug companies, vaccine contents, and healthcare system. Taken together, these
findings further highlight the impact misinformation and the politization of the COVID-19
vaccination has had in the U.S. As vaccination and boosters continue to be one of the
primary methods for combating the COVID-19 pandemic, increasing access to vaccination
among marginalized communities and combating misinformation remains vital to improving
vaccine willingness and uptake among these communities.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figurel.
The prevalence of A) vaccine willingness between December 2020-February 2021, and B)

vaccine uptake between August-September 2021 among rural and nonrural adults. Vaccine
willingness analyses are weighted to be nationally representative within racial-ethnic groups;
due to relatively low response rates, follow-up survey data is unweighted.
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Figure2.
Vaccine concerns among rural adults, stratified by willingness to vaccinate, December

2020 — February 2021. Data is weighted to be nationally representative within racial-ethnic
groups.
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Figure 3.
Vaccine willingness and uptake among rural adults. Vaccine willingness was assessed at

baseline (December 2020 — February 2021) and vaccination status six months later (August
— September 2021).
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Figure 4.
Prevalence of vaccine concerns among unvaccinated rural adults, stratified by vaccination

intent at 6-month follow-up, August — September 2021.
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Table 1.

Adjusted association between rural status on willingness to vaccinate, overall and stratified by race-ethnicity,
December 2020 — February 2021. Data is weighted to be nationally representative within racial-ethnic groups.

Extremely Willing Unsure
aOR (95% CI)&  aOR (95% Cl)&
Overall 0.71 (0.58-0.87) 0.88 (0.74-1.04)

Race-ethnicity b
Black/African American 1.09 (0.74-1.61) 1.65 (1.23-2.21)
Latino 0.67 (0.47-0.94)  0.59 (0.43-0.80)
White 0.44 (0.30-0.64)  0.57 (0.40-0.81)

Abbreviations: aOR, adjusted odds ratio; CI, confidence interval

aAdjusted for race/ethnicity age group, gender, insurance status, chronic conditions associated with increased risk of COVID-19 morbidity and
mortality, self-reported physical health, education, and annual household income

Separate models were used to get race-ethnicity specific associations between rural status and vaccine willingness; results from model which
included an interaction term between race-ethnicity and rural status produced consistent results
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