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Abstract

The literature on COVID-19 vaccination has rarely taken a macro and longitudinal approach to investigate the nuanced racial
and ethnic differences in vaccine hesitancy and refusal. To fill this gap, this study examines the relationships between race,
time, and COVID-19 vaccine hesitancy and refusal using state-level data from the US Census Household Pulse Survey,
2020 US Decennial Census, and other sources (i.e., American Community Survey, Human Development Index database,
and Centers for Disease Control and Prevention). Four longitudinal Generalized Estimating Equations (GEEs) were esti-
mated to analyze how time-variant and time-invariant measures, and time itself influenced COVID-19 vaccine hesitancy and
refusal rates, controlling for the effect of other relevant covariates. The results provide descriptive evidence that COVID-19
vaccine hesitancy had decreased in the USA, but vaccine refusal remained stable between January and October 2021. The
GEEs further indicated that the proportion of the Black population was positively associated with both vaccine hesitancy
and refusal rates, while the proportion of the White population was positively associated with the vaccine refusal rate but not
associated with the vaccine hesitancy rate. In addition, over the 10-month period, COVID-19 vaccine hesitancy and refusal
in the Black population declined rapidly, but vaccine refusal in the White population stayed fairly stable. More research and

practical efforts are needed to understand and inform the public about these important but overlooked trends.
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Introduction

Since the beginning of 2020, the spread of severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2), also
known as COVID-19, has resulted in a global health crisis.
Thus far, successful vaccination is the only key to combating
the pandemic [1]. Fortunately, owing to various national and
local efforts to promote and distribute COVID-19 vaccines,
a large proportion of the US population had been fully vac-
cinated [2]. However, there are still many Americans who
are unsure about COVID-19 vaccination or choose not to
be vaccinated [3]. The World Health Organization (WHO)
defined vaccine hesitancy as the “delay in acceptance or
refusal of vaccination despite the availability of vaccination
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services” [4]. Currently, vaccine hesitancy is considered
one of the ten leading threats to global health, following air
population and climate change, HIV, and global influenza
pandemic, among others [5].

The racial and ethnic disparities in the health and social
impact of COVID-19 are striking. Aside from their higher
rate of hospitalization, Black Americans were reported to
face a higher mortality rate (23%) [6]. This disproportionate
burden for Black communities might be in part attributed to
their larger share in the US population with pre-existing con-
ditions [7] and their lower vaccination rate [8]. In fact, prior
to the pandemic, Quinn et al. [9] observed that Black par-
ticipants were more hesitant to accept the influenza vaccine
than White participants. Similarly, during COVID-19, Black
Americans were found to have a higher vaccine hesitancy
rate than White Americans [10—-12]. Researchers postulated
that America’s long history of racism in medical research
and inequalities in health care is the fundamental reason
for the Black community’s mistrust of vaccination [11, 13].

Recent evidence, however, suggests that although the
level of hesitancy in Black communities was initially high,
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they became more quick than Whites to accept COVID-
19 vaccines. Padamsee et al. [14] collected panel data
that tracked participants over a seven-month period from
December 2020 to June 2021 in order to compare changes in
COVID-19 vaccination intention between Black and White
Americans. They found that vaccine hesitancy in Black
Americans was higher than that of White Americans ini-
tially, but it decreased more rapidly over time [14]. When
studying vaccine hesitancy in the context of COVID-19, the
fact that the pandemic is a fast-moving health crisis cannot
be stressed enough. However, to the best of our knowledge,
no studies have systematically examined racial disparities in
COVID-19 vaccine hesitancy from a longitudinal perspec-
tive at the time this article was written, with the exception
of the study conducted by Padamsee et al. [14].

Regrettably, the COVID-19 vaccination literature that
follows the WHO’s definition often does not differentiate
between vaccine hesitancy and refusal [15-19] despite the
fact that the two constructs are fundamentally different. Vac-
cine hesitancy is characterized by feelings of ambivalence
about vaccination [20], while vaccine refusal implicates
the rejection of receiving vaccines [21]. According to the
US Census Bureau, between January and October 2021,
the percentage of US adults who were hesitant about being
vaccinated against COVID-19 had substantially declined
from 12.9 to 5.9%; however, the size of the vaccine-resist-
ant group remained almost unchanged—about 8.8% of US
adults refused to accept COVID-19 vaccines in January
2021, compared to 7.8% in October 2021 [22]. The rapidly
declining vaccine hesitancy might have overshadowed the
fact that a substantial proportion of racial minorities in the
US have persistently resisted COVID-19 vaccination. Thus,
longitudinal studies are necessary to better understand the
changing patterns of COVID-19 vaccine hesitancy versus
refusal in the USA.

Nevertheless, vaccine hesitancy and refusal are influ-
enced by the interactions of macro-level forces and pro-
cesses. For instance, political influences are unneglectable
forces shaping public attitudes toward vaccination. Before
the pandemic, polls and studies found that Republicans were
more skeptical about taking influenza vaccines than their
Democratic counterparts [23, 24]. Republican states were
also found to have lower coverage for adolescent vaccina-
tion [25]. During COVID-19, Gollwitzer et al. [26] noted
that Republican counties exhibited less physical distancing
than Democratic counties. To date, the social and politi-
cal contexts of COVID-19 vaccination intention, however,
remain unclear as most prior studies were conducted at the
micro-level [17, 18, 27-29].

This paper contributes to the current literature by dis-
tinguishing between vaccine hesitancy and refusal. In
our analyses, we defined COVID-19 vaccine hesitancy as
the reluctance to be vaccinated against COVID-19, while
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vaccine refusal as the opposition to COVID-19 vaccination.
We noted that previous research on COVID-19 vaccination
intention has rarely taken a macro and longitudinal approach
to investigate the nuanced racial and ethnic differences. To
fill these gaps, we conducted longitudinal statistical anal-
yses to explore the relationships between race, time, and
COVID-19 vaccine hesitancy and refusal using state-level
data from the Household Pulse Survey (HPS), 2020 US
Decennial Census, and other sources (i.e., American Com-
munity Survey, Human Development Index database, and
Centers for Disease Control and Prevention). We proposed
two research questions that guide our data analyses: (1) How
did COVID-19 vaccine hesitancy and refusal vary over time
in the US? (2) How were COVID-19 vaccine hesitancy and
refusal linked to states’ racial demographics?

Data and Methods
Data

We conducted a state-level investigation that includes 50 US
states and Washington, DC, across 18 weeks between Janu-
ary and October 2021. Our primary data source came from
the publicly available macro data of the 2021 Household
Pulse Survey (HPS), conducted by the US Census Bureau
in collaboration with other federal agencies. The HPS was
launched in April 2020 to quickly and efficiently collect
data to measure American household experiences during
the pandemic. It was designed to produce state-level esti-
mates. National household probability samples were selected
based on the Census Bureau’s Master Address File (MAF),
which is considered the gold standard for US statistics [30].
The HPS questionnaire includes questions on how educa-
tion, employment, food security, health, housing, household
spending, and transportation have been affected by COVID-
19. Starting from Week 22 of the HPS data collection period,
new questions regarding vaccination intention were added
to the questionnaire. We used available data from Week 22
(January 6-18, 2021) to Week 39 (September 29—October
11, 2021), the most recent weeks at the time this article was
written for our data analyses. Independent samples of house-
holds were selected for each data collection period from
weeks 22-39. The publicly available macro data tables were
downloaded from the HPS webpage (https://www.census.
gov/programs-surveys/household-pulse-survey/data.html).
In addition, we derived a set of sociodemographic vari-
ables from the 2020 US Decennial Census, the 2015-2019
American Community Survey (ACS) estimates at the state
level and the Human Development Index (HDI) database of
the global data lab. To measure state climate, we used the
2020 presidential election results [31]. Numbers of positive
COVID-19 cases by states were obtained from the Centers
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for Disease Control and Prevention (CDC) and state-level
public health websites.

Outcome Measures

COVID-19 vaccine hesitancy and refusal rates were the
two outcome measures of this study. The HPS first asked
respondents whether they had received a COVID-19 vac-
cine. If a respondent had not received a vaccine, the HPS
asked a follow-up question about their intention to be vac-
cinated (1, definitely get a vaccine; 2, probably get a vac-
cine; 3, unsure about getting a vaccine; 4, probably NOT
get a vaccine; 5, definitely NOT get a vaccine). Responses
to those questions were aggregated at the state level and
reported in macro data tables for every data collection week
by the HPS. Based on our definitions of COVID-19 vaccine
hesitancy and refusal, we calculated the hesitancy rate for
each state as the percentage of those who indicated that they
were “unsure about getting a vaccine” or would “probably
NOT” get a vaccine among all people who had not received
a COVID-19 vaccine in their respective state. Similarly, the
refusal rate was constructed as the percentage of people who
reported that they would “definitely NOT” accept a vaccine
among all the people who had not received a COVID-19
vaccine in their respective state. Both hesitancy and refusal
rates were time-variant variables as they changed across the
18 data collection weeks.

Covariates

We first used the 2020 US Decennial Census to construct
relevant variables whenever feasible, since the Decennial
Census includes the total population. To create variables
that lacked corresponding data in the Decennial Census, we
used 5-year estimates from the 2019 American Community
Survey (ACS). These data were collected by the US Census
Bureau and were based on a sample from the population.
Given our main interest in the relationship between race and
COVID-19 vaccination intention, we first constructed six
race/ethnicity variables derived from the Decennial Census
data, including the proportions of state populations identi-
fied as Hispanic or Latino (any race), non-Hispanic White,
non-Hispanic Black, non-Hispanic Asian, non-Hispanic
American Indian/Pacific Islander/Native Hawaiian, and
multiracial/other non-Hispanic. Henceforth, we did not add
“non-Hispanic” after every mention of the non-Hispanic
racial groups (e.g., we used the term “White” instead of
“non-Hispanic White”).

Besides race/ethnicity, other demographic characteris-
tics might also be associated with COVID-19 vaccine hesi-
tancy and refusal. For example, studies showed that women
were less willing to take COVID-19 vaccines than men
[27, 28, 32]; younger individuals were more likely to be

vaccine-hesitant or to refuse vaccine than older individuals
[33]; college degree was also associated with higher odds
of refusal and delay compared with those without [33]. Fol-
lowing these aforementioned studies, we included variables
to capture state demographic profiles. We used population
size from the Decennial Census, sex ratio (the number of
males per 100 females), median age from the ACS, and the
percentage of the population with a college degree from the
ACS. The Human Development Index (HDI) was developed
and published yearly by the United Nations Development
Program (UNDP). It is considered the most popular index
assessing countries’ and regions’ well-being levels [34]. The
HDI includes multiple dimensions, and we focused on the
health dimension in this paper, which is most relevant to vac-
cination intentions. To uncover within-country variations,
the UNDP also provided subnational HDI data. Hence, we
obtained the scores of the 2019 HDI on health, the most
recent data available, for each state from the HDI Database
of the Global Data Lab.

With regard to the state-level political context, we cal-
culated the state-level voting gap in the 2020 presidential
election by subtracting the state percentage of total votes for
Joseph Biden (Democrat presidential candidate) from the
state percentage of total votes for Donald Trump (Repub-
lican presidential candidate) [26]. A higher value indicates
that the state reported higher votes in support of the Repub-
lican presidential candidate. To measure the spread of coro-
navirus, we calculated positive COVID-19 cases per capita
for each state. Specifically, we obtained the total number
of positive cases for each state during each data collection
week from the Centers for Disease Control and Prevention
(CDC) or state-level public health websites. Then, to allow
valid comparisons across states, we adjusted population size
by dividing the number of positive cases by each state’s total
population. All independent variables are time-invariant
except the variable related to the positive COVID-19 cases
per capita. Descriptive statistics of all variables in analyses
are presented in Table 1.

Statistical Analysis

We first conducted descriptive statistics to address our first
research question. To answer our second research ques-
tion, we used Generalized Estimating Equations (GEEs), an
extension of generalized linear models (GLM) that accom-
modate clustered data [35], to produce estimates of model
parameters. In this paper, we defined clusters as temporal,
since each state had 18 sets of values for each time-variant
measure. GEEs were used to analyze how time-variant and
time-invariant measures and time itself influenced COVID-
19 vaccine hesitancy and refusal rates, controlling for the
effects of other relevant covariates. In sum, we specified
four GEEs: model I is the main-effect model predicting
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Table 1 Descriptive statistics for analysis variables (n=918)

Variable N Min Max Mean St. dev

Dependent variables
Vaccine hesitancy rate 918 1.14% 20.80% 9.19% 3.52%
Vaccine refusal rate 918 1.63% 23.21% 8.32% 3.30%

Independent variables
Proportion of population that is White 918 23.84% 91.66% 68.15% 15.23%
Proportion of population that is Black 918 0.44% 38.87% 10.37% 9.61%
Proportion of population that is Hispanic 918 1.59% 44.34% 11.03% 9.22%
Proportion of population that is Asian 918 0.78% 39.65% 4.59% 5.77%
Proportion of population that is American Indian/ Pacific 918 0.13% 15.01% 1.68% 2.89%

Islander/Hawaiian Native

Proportion of population that is multi-racial or other race 918 2.54% 17.62% 4.18% 2.20%
Total population 918 441,337 30,827,105 5,065,555 5,713,104
Sex ratio 918 90 109 98 3
Median age 918 31 45 38 2
Proportion of population that has a college degree 918 20.61% 58.54% 31.77% 6.37%
Human development index on health 918 84.60 94.30 90.18 2.54
State political leaning 918 -87.60% 43.70% 0.43% 23.93%
Positive COVID-19 cases per capita 918 0.00% 0.52% 0.04% 0.04%
Time (week) 918 1 18 6 5

Vaccine hesitancy rate is measured as the percentage of state population who were hesitant to receive COVID-19 vaccines. Vaccine refusal rate
is measured as the percentage of state population who refused to receive COVID-19 vaccines. Sex ratio represents the number of males per 100
females. State political leaning is the state-level voting gap in the 2020 presidential election by subtracting the state percentage of total votes for
Joseph Biden from the state percentage of total votes for Donald Trump

COVID-19 vaccine hesitancy rates across 50 states and
Washington, DC, over a period of 18 weeks. It included
state percentages of White and Black (other racial/ethnic
groups served as the reference group) as focal independ-
ent variables and adjusted for the effects of other covariates
(i.e., sociodemographic variables, state political leaning,
positive COVID-19 cases per capital, and time). Model 2
is the interaction model that included variables from Model
1 and interaction terms between race and time. Two similar
models (Models 3 and 4) were estimated to predict COVID-
19 vaccine refusal rates.

To select the best-fitting models, we estimated a series of
GEEs by varying the model specifications. We tested nor-
mal, gamma, and inverse Gaussian distributions with loga-
rithmic and identity link functions. The normal distribution
with an identity link function was found to be the best fit for
the four models. GEEs also require the specification of an
intracluster dependency correlation matrix [36, 37]. Three
correlation structure specifications were tested and found to
be [35] (1) independent, which assumes the nonexistence of
dependency, so that all off-diagonal elements of the work-
ing correlation matrix are zero; (2) exchangeable, which
assumes constant intracluster dependency, so that all the
off-diagonal elements of the correlation matrix are equal;
and (3) unstructured, which assumes a completely general
correlation matrix, which is estimated without constraints.
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We estimated all GEE models with the three matrices, and
the exchangeable specification yielded the lowest quasi-
likelihood under the independence criterion (QIC) values
for all models, meaning it was the best-fitting specification
[35]. Therefore, all reported results used the exchangeable
specification.

Finally, we examined possible multicollinearity among
the variables in the analysis. Based on the variance infla-
tion factor, tolerance, and condition index criteria, infer-
ences from the GEE models are not affected by multicollin-
earity. All independent variables were standardized before
inclusion in the GEEs in order to make coefficients readily
comparable.

Results

How Did COVID-19 Vaccine Hesitancy and Refusal
Vary over Time in the USA?

Figures 1 and 2 are box and whisker charts demonstrating
overall trends of COVID-19 vaccine hesitancy and refusal
across the 18 data collection periods. We noted several
important observations. As shown in Fig. 1, the hesitancy
rate fluctuated over time—it declined during the first
6 weeks, stayed fairly stable during the second 6 weeks,
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Fig. 1 Vaccine hesitancy rate by
HPS collection week: January—
October 2021
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Notes: Vaccine hesitancy rate is measured as the percentage of state population who were hesitant to receive

COVID-19 vaccines.

Fig.2 Vaccine refusal rate by
HPS collection week: January—
October 2021
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Notes: Vaccine refusal rate is measured as the percentage of state population who refused to receive COVID-19

vaccines.

and then slightly declined during the last 6 weeks. Overall,
its median value dropped from 13.1 in week 1 to 6.3% in
week 18. The standard deviation of the hesitancy rate also
decreased slightly (3.4% in week 1, 2.6% in week 18),
indicating that the cross-state variation of vaccine hesi-
tancy declined over time. In contrast, Fig. 2 reveals that
the refusal rate was relatively stable during the 18 weeks.
In week 1, the median value was 9.3%, and it stayed at
8.9% in week 18. Interestingly, the average standard devia-
tion of the vaccine refuse rate increased from 2.9 to 3.4%
over the 18 weeks. These findings provide descriptive

evidence that COVID-19 vaccine hesitancy had decreased
but vaccine refusal stayed constant.

How Were Changes in COVID-19 Vaccine Hesitancy
and Refusal Linked to States’ Racial Demographics?

We then used longitudinal GEE models to predict vaccine
hesitancy and refusal with state-level covariates. Table 2
presents coefficient estimates from models 1 and 2 which
predicted the COVID-19 vaccine hesitancy rate. Model 1
shows that as the proportion of the Black population in a
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Table2 Models 1 and 2: results of Generalized Estimating Equations predicting vaccine hesitancy rates for 50 states and Washington DC over

18 data collection weeks (n=918)

Model 1 Model 2
B SE p B SE P
Intercept 9.03%#** 0.122 <0.0001 9.03 %% 0.122 <0.0001
Proportion of population that is White (Ref: proportions  0.15 0.220 0.487 0.15 0.220 0.488
of other racial groups)
Proportion of population that is Black (Ref: proportions ~ 1.13%%** 0.237 <0.0001 1.10%%* 0.235 <0.0001
of other racial groups)
Total population 0.06 0.127 0.654 0.06 0.127 0.654
Sex eatio 0.30 0.333 0.369 0.30 0.332 0.369
Median age -0.10 0.231 0.670 -0.10 0.231 0.670
Proportion of population that has a college degree -0.41 0.324 0.207 -0.41 0.324 0.207
Human development index on health -0.20 0.291 0.486 -0.20 0.291 0.485
State political leaning 1.77%** 0.350 <0.0001 1.78%%* 0.350 <0.0001
Positive COVID-19 cases per capita -0.18%* 0.059 0.002 -0.18%* 0.056 0.001
Time (week) -1.84%%5% 0.059 <0.0001 -1.84% %% 0.048 <0.0001
Proportion of population that is Black x time - - - -0.24%** 0.051 <0.0001

Sex ratio represents the number of males per 100 females. State political leaning is the state-level voting gap in the 2020 presidential election by
subtracting the state percentage of total votes for Joseph Biden from the state percentage of total votes for Donald Trump. Models used normal
distribution with an identity link function with an exchangeable correlation matrix. ***p <0.001, **p <0.01, and *p <0.05

state increased relative to the proportions of other racial/
ethnic groups (Hispanic, Asian, American Indian/Pacific
Islander/Native Hawaiian, and Multiracial/Other), the
increase in vaccine hesitancy rate was statistically significant
(»<0.0001), adjusting for the effects of other variables and
time. The association between the proportion of Whites and
the vaccine hesitancy rate was not statistically significant
(p=0.487), but the direction was positive (B=0.15).

Turning to other statistically significant variables, posi-
tive COVID-19 cases per capita were negatively associ-
ated with vaccine hesitancy rates (p =0.002). States that
had more votes for Republicans (those with more votes for
Trump relative to votes for Biden) had a higher vaccine hesi-
tancy rate (p <0.0001). Time was also a statistically sig-
nificant predictor, with the vaccine hesitancy rate declining
across the 18 data collection weeks (p <0.0001).

Since the proportion of the Black population was statisti-
cally significant in model 1, we included the interaction term
“proportion Black x time” in model 2 to further examine the
temporal changes in vaccine hesitancy in the Black popu-
lation. The interaction term was negative and statistically
significant (B= —0.24, p <0.0001). To help visualize this
interaction, we generated predicted values for the depend-
ent variable (vaccine hesitancy rate) at various values of
the interaction term (proportion Black*time), while holding
all other covariates at their mean values. We then plotted
these values, as shown in Fig. 3. In earlier weeks, we see
a positive effect of the proportion of the Black population
on vaccine hesitancy, as states with higher proportions of
the Black population had higher vaccine hesitancy rates.
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However, in later weeks, the direction of this relationship
changed; higher proportions of the Black population were
associated with lower vaccine hesitancy rates.

Table 3 reports results for models 3 and 4 which predicted
the vaccine refusal rate. As shown in model 3, the proportion
of the Black population in a state relative to the proportions
of other racial groups was significantly associated with an
increased vaccine refusal rate (p <0.0001). Similarly, the
proportion of the White population was also significantly
associated with an increase in the vaccine refusal rate
(p=0.019). In terms of other statistically significant predic-
tors, states that had a larger male versus female population
reported higher vaccine refusal rates (p =0.006), and states
that were more Republican had higher vaccine refusal rates
(p=0.002). Similar to the vaccine hesitancy rate, the vaccine
refusal rate also declined over the 18 weeks (p <0.0001).

Because both proportions of Black and White popula-
tions were statistically significant in model 3, we included
the interaction terms “proportion of Black x time” and
“proportion of White x time” in model 4. The interac-
tion between the proportion of the Black population and
time was negative and statistically significant (B= —0.21,
p <0.0001), and the interaction between the proportion
of Whites and time was positive but not statistically sig-
nificant (B=0.01, p=0.984). As before, we calculated
the predicted values of the two interaction terms based
on model 3 and plotted them in Fig. 4. The first box of
Fig. 4 indicates that during earlier data collection weeks,
the proportion of the Black population had positive effects
on the vaccine refusal rate, but the effect became negative
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Fig. 3 Interaction between
proportion of Black/White and
time when predicting vaccine 50
hesitancy
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Notes: Vaccine hesitancy rate is measured as the percentage of state population who were hesitant to receive
COVID-19 vaccines.

Table 3 Models 3 and 4: results of Generalized Estimating Equations predicting vaccine refusal rates for 50 sand Washington DC over 18 data

collection weeks (n=918)

Model 3 Model 4
B SE 4 B SE )4
Intercept 8.30%** 0.161 <0.0001 8.30%** 0.161 <0.0001
Proportion of population that is White (Ref: propor- 0.57%* 0.244 0.019 0.57* 0.247 0.021
tions of other racial groups)
Proportion of population that is Black (Ref: propor- 0.96%* 0.280 0.001 0.94%* 0.280 0.001
tions of other racial groups)
Total population 0.12 0.122 0.324 0.12 0.122 0.324
Sex ratio 1.23%%* 0.448 0.006 1.23%%* 0.448 0.006
Median age 0.28 0.339 0.414 0.28 0.339 0.414
Proportion of population that has a college degree -0.09 0.461 0.849 -0.09 0.461 0.849
Human development index on health -0.70 0.378 0.063 -0.71 0.378 0.062
State political leaning 1.55%% 0.492 0.002 1.55%* 0.492 0.002
Positive COVID-19 cases per capita 0.01 0.055 0.936 0.01 0.053 0.972
Time (week) -0.27%** 0.067 <0.0001 -0.27%** 0.061 <0.0001
Proportion of population that is White x time - - - 0.01 0.065 0.984
Proportion of population that is Black x time - - - -0.21 0.057%** <0.0001

sex ratio represents the number of males per 100 females. State political leaning is the state-level voting gap in the 2020 presidential election by
subtracting the state percentage of total votes for Joseph Biden from the state percentage of total votes for Donald Trump. Models used normal
distribution with an identity link function with an exchangeable correlation matrix. ***p <0.001, **p <0.01, and *p <0.05

over time, as higher proportions of the Black population
were associated with lower vaccine refusal rates during
later data collection weeks. The finding is quite different
in the “proportion of White x time” (second box of Fig. 4).

Higher proportions of Whites were associated with higher
vaccine refusal rates, and this effect was time-invariant
during the 18 weeks, which explains why the interaction
term was statistically insignificant.
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Fig.4 Interaction between pro-
portion of Black/White and time

when predicting vaccine refusal 40
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Notes: Vaccine refusal rate is measured as the percentage of state population who refused to receive COVID-19

vaccines.

Discussion

One of the most consistent sociodemographic predictors of
vaccine intention and uptake in the USA is race. Rather than
focusing on individuals, we employed a macro and longitu-
dinal approach to examine differential changes in COVID-
19 vaccine hesitancy and refusal between Black and White
populations. Our results indicated that the proportion of
the Black population in a state was positively associated
with the state’s vaccine hesitancy and refusal rates, which
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is consistent with evidence found at the individual level
[10-12]. However, we also noticed that the positive effect
of the Black population on COVID-19 vaccine hesitancy
and refusal had declined rapidly over the 10-month period
in 2021. This finding is consistent with a recent study con-
ducted at the individual level. Specifically, Padamsee et al.
[14] surveyed and followed 1,200 American adults for seven
months from 2021 to 2022, and their results showed that
“Black individuals more quickly overcame this (COVID-19
vaccine) hesitancy than White individuals” (p. 7).
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One of our speculations of the declining vaccine hesi-
tancy and refusal in Black communities might be attributed
to the increasing number of Black Americans who were
starting to believe that COVID-19 vaccines were necessary
to protect themselves, their families, and communities. This
dynamic likely also results from the concerted efforts made
by Black leaders and organizations to promote COVID-19
vaccination through the dissemination of accurate and cul-
turally sensitive information [38—40] that might resonate
more strongly with the Black communities [14]. In other
words, Black Americans might become cautious about new
medical technologies, such as COVID-19 vaccines at the
beginning, but once they are convinced that vaccines are safe
and effective, they would accept vaccination more readily.
Thus, vaccine mistrust in Black communities, grounded in
the collective experiences of racism, could be viewed as “an
expression of commitment to protective health behavior,”
rather than a “resistance to protective health behavior” [14,
p- 81. In fact, there is evidence indicating that to avoid being
sick or spreading the virus to others, Black Americans were
more willing than Whites to wear masks or practice social
distancing during the pandemic [41-43]. Our population-
based analyses and Padamsee et al.’s [14] results at the indi-
vidual level both underscore the importance of understand-
ing vaccine hesitancy and refusal in the Black population
from a longitudinal perspective.

In addition to utilizing a longitudinal study design, our
ability to differentiate vaccine hesitancy versus vaccine
refusal in analyses was an added novel element among con-
temporary studies on COVID-19 vaccination. We noted
that although the proportion of the White population was
not associated with the state’s COVID-19 vaccine hesi-
tancy, it was positively associated with vaccine refusal.
The extant literature on COVID-19 vaccination has paid
limited attention to Whites, as they were often used as the
reference group for other racial/ethnic groups [15-19]. By
further investigating the nuanced intersection between race
and time, we highlighted that while vaccine refusal in the
Black population quickly declined in 2021, the resistance
to COVID-19 vaccination among the proportion of Whites
stayed fairly consistent.

Then, how do we make sense of anti-vaccination atti-
tudes among Whites and explain the differential changes in
COVID-19 vaccine refusal between Black and White Amer-
icans? Several explanations were plausible. For example,
researchers in the past have noted that religious and politi-
cal conservatism are prominent factors predicting vaccine
refusal because they often reflect a skepticism toward sci-
ence and are in favor of more conspiratorial, individualist,
and hierarchical thinking [44—47]. As Whitehead and Perry
[48] pointed out, anti-vaccination sentiment in the USA
was highly associated with Christian nationalism, which
was found to be related to White racial identity [49-53].

However, we should not overlook that some older Black
Americans, especially those living in the Southern states,
are also deeply religious and Christian. Besides religious
and political conservatism, other underlying factors could
also contribute to vaccine refusal in the White population.
For example, Alcendor found that among White population
living in the Southern USA, especially in rural communities,
poor health literacy and distrust of government and medi-
cal establishments were related to their COVID-19 vaccine
refusal [54]. Interestingly, in some earlier studies on other
types of vaccination, researchers attributed racial differ-
ences in vaccine choice to White privilege [55, 56]. As they
argued, the ability to choose not to be vaccinated (“opt-out”)
is itself an act of privilege [55, 56].

Although there is no simple way to fully explain these
racial differences, there seem to be two distinct mechanisms
that shaped anti-vaccination among Black versus White
Americans. On the one hand, COVID-19 vaccine refusal in
the White population might more likely to be associated with
their deeply held values and identities [57] and thus are more
resistant to change. On the other hand, vaccine refusal in the
Black population is rooted in systemic racism in medical
research and medical care. Therefore, as compared to White
Americans, Black Americans might be more likely to have
vaccine-specific concerns and more receptive to receiving
information on COVID-19 vaccines.

By focusing on state-level data instead of individuals,
our study helps contribute to a better understanding of the
social and political contexts of COVID-19 vaccine hesitancy
and refusal. Our findings revealed that Republican states
had higher hesitancy and refusal rates than Democratic
states, which aligns with the previous findings suggesting
that Democrats are more eager to receive the COVID-19
vaccines [15, 58, 59]. We also found that vaccine hesitancy
decreased when the number of positive COVID-19 cases
increased. Indeed, perceived heightened risk has been shown
to lead people to hold a more favorable attitude toward vac-
cination, especially when the threat of disease is perceived to
be imminent [58]. Findings from the prior research on gen-
der and COVID-19 vaccination are mixed. While many stud-
ies reported that women were less willing to take COVID-19
vaccines than men [11, 27, 28, 32, 60-63], other researchers
did not find gender differences [15] or found that women
had greater intentions to obtain a COVID-19 vaccine than
men [64]. At the state level, our analyses show a positive
association between the male population and vaccine refusal.

Recently, the macro-level approach has been more widely
used in the studies of COVID-19 vaccination, especially
at the county level. Several studies, for example, showed
that the vaccination rate was negatively associated with the
county’s social vulnerability [65—67]. Alcendor examined
all counties in Tennessee and found that Black and White
populations had the lowest COVID-19 vaccination rates,
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which aligns with our findings [68]. In addition, Lee and
Huang used census-tract-level data in a Texas county, and
their regression analysis results indicated that vaccine hesi-
tancy among residents in one community could spread to its
nearby communities [69]. These macro-level analyses, along
with ours, attest to the importance for public health practi-
tioners to design and develop targeted vaccination interven-
tions for “at-risk” states, counties, or neighborhoods.

Thus far, our study was able to provide in-depth analy-
ses of the relationship between race and vaccine hesitancy
and refusal; some limitations presented in this paper can
be further addressed in future studies. First, our study only
focused on Black and White populations. Future research
may consider examining COVID-19 vaccine hesitancy and
refusal among other racial/ethnic groups. Second, research-
ers can also investigate other state-level predictors of vaccine
hesitancy and refusal (e.g., religions) that were not included
in this study due to issues related to data limitations. Third,
future studies could also connect the state-level findings
we identified in this paper to vaccination behaviors at the
individual level through a multilevel modeling approach.
Fourth, in seeking to identify patterns of COVID-19 vaccine
hesitancy and refusal in Black and White populations, we
did not directly observe the micro-level processes that result
in these changes in behavior. Instead, we speculated several
explanations based on previous evidence, which need to be
directly tested in future research. Fifth, we calculated posi-
tive COVID-19 cases per capita to measure the spread of
coronavirus within each state. Although valid, this measure
is limited, as it did not take into consideration different levels
of testing across states. A higher number of positive cases
per capita might reflect more widespread testing in the state.
We also did not have information on home testing. Further
research could consider using other measures such as the
percentage of COVID-19-positive testing results, hospital
capacity, or deaths. Sixth, in this paper, we focused on racial
differences in vaccine hesitancy and refusal. Future research
should continue exploring the intersectionality between race,
gender, and social class and how it affects people’s vaccina-
tion intentions.

Conclusions

In the USA, racial minorities, especially Black Americans,
have suffered disproportionately from the COVID-19 pan-
demic [13]. Yet, Black communities exhibited high levels
of vaccine hesitancy and refusal. Researchers have argued
that vaccine mistrust was used as self-protective reactions
by Black Americans in response to their historical oppres-
sion, contemporary maltreatment, and sociopolitical climate
[70-72], and Black people’s skepticism of COVID-19 vac-
cines was “totally justified” [13, p. 544]. Our findings further
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demonstrate that more and more Black Americans have
overcome their vaccine hesitancy or refusal and become
more willing to be vaccinated against COVID-19. However,
at the national level, the overall COVID-19 vaccine uptake
rate in the Black population is still lower than in the White
population [73], implying that Black communities may be
facing other systemic and structural challenges relating to
vaccination access barriers. If this is the case, more research
and practical efforts are needed to address those barriers.

On the other hand, the high and persistent COVID-19
vaccine refusal among Whites could have the negative
consequence of delaying the nation’s development of herd
immunity and prolonging the existential threat of the virus.
For instance, some states have reported an increase in vac-
cine refusal (i.e., Kansas, Lowa, Missouri, Oklahoma, South
Dakota, and Wyoming) in 2021, and all of these states had a
higher proportion of Whites. Among them, the most extreme
case was Wyoming, where 12.7% of the population reported
refusing COVID-19 vaccines in January, and the percentage
increased to 21.1% in October 2021 [22]. In those states,
more proactive and effective communication strategies are
urgently needed to address, rather than dismiss, people’s
concerns about COVID-19 vaccines. For example, besides
life scientists and health care professionals, COVID-19
information campaigns may consider involving more social
scientists and experts in public policies and communica-
tion in content development, education, and raising aware-
ness [74]. Public health messengers that are trusted by local
communities and social media can also help address vac-
cine refusal and combat misinformation [75-77]. Overall,
our paper has provided valuable preliminary findings about
the differential changes in COVID-19 vaccination intention
between Black and White Americans; our paper calls for
more research on COVID-19 vaccination to adopt a lon-
gitudinal and macro approach in investigating the nuanced
differences between vaccine hesitancy and refusal and their
relationships with race.
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