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Racial gaps in vaccine uptake in the United States have been widely reported. Existing studies, however, have not
explored how individuals’ concerns about COVID-19 vaccines are clustered. In this study, racial and ethnic
background is linked to constellations of COVID-19 vaccine concerns during the early phase of vaccines in the
United States, using the Household Pulse Survey (N = 60,492). Latent class analysis reveals five distinct classes of
vaccine concerns: general skepticism, distrust of science and the government, safety, a desire to wait and see, and
vague uncertainty. Compared to Whites, people of color more consistently report vaccine hesitancy due to safety

and a desire to wait and see, rather than distrust of science and the government. Whites, however, more
consistently report general skepticism and distrust of science and the government. Our findings suggest that
distrust of science and government is not central to racial minorities’ vaccine hesitancy, but it is so for Whites.

1. Introduction

Society-wide uptake of the COVID-19 vaccine is critical for ending
the pandemic and resuming normal economic and social activities in the
United States. However, racial and ethnic disparities in vaccine uptake
have been reported since vaccination began, with Blacks and Hispanics
having lower vaccination coverage than Whites (Kaiser Family Foun-
dation, 2021). At the same time, disadvantaged racial and ethnic com-
munities have been hit the hardest by the COVID-19 pandemic, with
higher incidence rates (Holtgrave et al., 2020; Kim & Bostwick, 2020;
Tai et al., 2021), higher fatality rates (Millett et al., 2020), and poorer
prognosis (Holtgrave et al., 2020). As such, addressing the racial gap in
vaccine uptake is of paramount importance. Indeed, efforts have been
made to improve vaccine access among racial minorities and individuals
in disadvantaged and marginalized communities (Centers for Disease
Control and Prevention, 2021b). In addition to issues of vaccine access,
efforts to increase vaccine uptake need to consider concerns that lead to
vaccine hesitancy, and how those concerns differ by race and ethnicity.

Much of the earlier discourse related to racial disparities and the
COVID-19 vaccine is limited in two aspects. First, most of the studies
simply treat race and ethnicity as a predictor in statistical models
without explaining why race and ethnicity, as a social construct, in-
fluences vaccine concerns. These studies often lack a clear conceptual
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framework that explains how racial and ethnic backgrounds are linked
to vaccine concerns. Second, individuals’ views toward the COVID-19
vaccine are often complex and made up of a related set of concerns,
rather than a single concern. However, extant studies either focus on a
single concern, e.g., trust in the government or concern about side ef-
fects, or analyze multiple concerns but treat each one independently (e.
g., Nguyen et al., 2021; Park et al., 2021). A better understanding of
COVID-19 vaccine hesitancy will likely come from investigating multi-
ple vaccine concerns and uncovering how they cluster together. In this
study, we outline an alternative approach to studying COVID-19 vaccine
concerns, with careful attention to the variation by race and ethnicity.

1.1. A constellation approach to vaccine concerns

Vaccine concerns can be defined as the collective patterns of atti-
tudes and beliefs toward a vaccine among individuals who refuse
vaccination. Vaccine concerns reflect the meanings and reasonings in-
dividuals attribute to their vaccination decision; as such, they are
important for understanding vaccine hesitancy (Salmon et al., 2015).
Informed by the long history of social science research that demonstrates
individuals’ health-related attitudes, beliefs, and lifestyles are deeply
shaped by their structural positions in society (Cockerham, 2005;
Pampel et al., 2010), we similarly posit that COVID-19 vaccine concerns
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do not arise in a vacuum and are instead socially and structurally
patterned.

Furthermore, prior studies of health beliefs suggest that it is rare for
individuals to only have one belief or concern—instead individuals more
often have multiple concerns that correlate with each other, resulting in
distinct clusters (e.g., Bardenheier et al., 2020; Burdette et al., 2017;
Mollborn et al., 2014). Beliefs and concerns may cluster by subgroup
because individuals experience similar structural conditions that lead to
developing similar patterns of concern. For example, individuals with
unstable employment or employment that offers no remote work option
may be more concerned about vaccine side effects and taking time off
work for that illness, so they are then more likely to also develop a “wait
and see” belief. Given that public health interventions are often targeted
to distinct communities or subgroups, a more person-centered under-
standing of how vaccine concerns cluster differently across sub-
populations could improve such interventions.

The prior studies of health beliefs and vaccine concerns leads
toHypothesis 1: Multiple clusters (i.e., constellations) of vaccine concerns
will be identified.

1.2. Race/ethnicity and constellations of COVID-19 vaccine concerns

We propose that constellations of vaccine concerns will differ by
individuals’ racial and ethnic background for strong reasons. In the
United States, race is a fundamental factor affecting life experiences and
health (Laster, 2020; Phelan & Link, 2015; Williams & Collins, 2001).
Structural racism shapes the everyday life experiences of people of color,
particularly Blacks and Hispanics. In particular, the structural advan-
tages and disadvantages of different racial and ethnic groups may help
shape two broad domains of vaccine concern: (1) assessments of the
social costs of the COVID-19 vaccine and (2) trust of the healthcare
system and the vaccines.

First, racial and ethnic groups may have different experiences that
influence their assessments of the costs and benefits of receiving a
vaccine. It is well-documented that the risks and consequences of
COVID-19 infection vary substantially by race and ethnicity, with much
evidence that Black and Hispanic communities have been hit harder by
COVID-19 than White communities (Holtgrave et al., 2020; Kim &
Bostwick, 2020; Tai et al., 2021). Given that people of color are at a
higher risk, it follows that they may therefore be more likely than Whites
to express the need for a vaccine, and less likely to express ‘unneeded’ as
a reason for refusing the COVID-19 vaccine. At the same time, racial
minorities’ structural disadvantages may create psychosocial barriers to
actually receiving the COVID-19 vaccination. First and foremost, pre-
dominately Black and Hispanic communities often do not have enough
healthcare providers and are considered to be medically underserved
areas (Gaskin et al., 2012; Qato et al., 2014). Such a shortage of
healthcare resources makes it more difficult to access COVID-19 vacci-
nation. Compared to Whites in better-resourced communities, racial
minorities may need to travel a longer distance, spend extra time, and
navigate an unfamiliar area to obtain a COVID-19 vaccine—especially
during the early phase of vaccination when there were fewer vaccine
sites available.

Furthermore, the side effects of the COVID-19 vaccination are not
negligible and may be a greater concern for racial minorities. Even
though severe allergic reactions are rare, side effects are commonly re-
ported including tiredness, headache, and fever (U.S. Centers for Disease
Control and Prevention, 2021). Importantly, these side effects can
generate additional social costs disproportionately for racial minorities.
For example, people of color are more likely to work in public-facing,
service sector jobs that do not offer paid sick leave or have the option
for remote work. As such, racial minorities may find the COVID-19
vaccine more intolerable because it could disrupt their work and fam-
ily responsibilities. This reasoning aligns with prior research that finds
that disadvantaged populations are less likely than others to feel
empowered and in control of their lives (Mirowsky & Ross, 2003), in this
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case because they have fewer resources and options to manage the side
effects of vaccination.

In fact, several qualitative studies have revealed heightened concerns
in Black communities about the side effects of vaccination, especially in
the early phase when the vaccines had not been fully approved by Food
and Drug Administration (Bogart et al., 2021; Momplaisir et al., 2021).
There is also some suggestive evidence that greater concern about the
vaccine’s side effects have led to a higher likelihood of a “wait and see”
belief in Black and Hispanic communities (Head et al., 2020; Nguyen
et al., 2021). Taken together, this discussion of the structural disad-
vantages of racial minorities and prior research leads to Hypothesis 2:
Black and Hispanic individuals will be more likely to have constellations of
vaccine concerns characterized by ‘side effects’ and ‘wanting to wait and see’.

Whites and Asian Americans, however, do not face the same struc-
tural disadvantages as Blacks and Hispanics. Both groups have a rela-
tively higher socioeconomic position, being more likely to hold STEM-
related professional jobs and less likely to fall into poverty (Akee
et al., 2019; Landivar, 2013; Shrider et al., 2021). As such, Whites and
Asian Americans have more resources to manage the potential side ef-
fects of the COVID-19 vaccine. This discussion leads to Hypothesis 3:
Whites and Asian Americans will be less likely to have constellations of
vaccine concerns characterized by ‘side effects’ and ‘wanting to wait and see’.

Next, we consider the issue of trust, which is an important domain in
the literature on vaccine hesitancy. Studies of trust in vaccines
conceptualize it as multilevel, involving trust in the institutions and
government as well as in the scientific development and production of
the vaccine (Freimuth et al., 2017; Latkin, Dayton, Yi, Colon, & Kong,
2021, 2021b). In this study, we posit that structural racism and the
disadvantaged position of people of color in society will influence their
trust of the COVID-19 vaccine on different levels. First, due to institu-
tionalized and structural racism, racial and ethnic minorities generally
report a poorer experience when interacting with the medical system
and the government (Cuevas et al., 2016; Feagin & Bennefield, 2014;
Williams & Williams-Morris, 2000). These negative experiences may
lead to distrust of the medical system and lower levels of medical
adherence (Greer et al., 2014). Furthermore, the dark history of slavery
in the U.S. and memories of the infamous Tuskegee study considerably
shape the attitudes of individuals in Black communities, including lower
confidence in and heightened distrust of the healthcare system and the
government (Brandon et al., 2005; Freimuth et al., 2001, 2017).

Beyond institutionalized and structural racism, distrust can be more
directly about the vaccine itself. The development of the COVID-19
vaccines is historically unprecedented. Traditional vaccine develop-
ment often takes more than ten years from the initial stage to the clinical
trials (Andre et al., 2008; Greenwood, 2014). The development of vac-
cines is prolonged and time-consuming because careful study and
monitoring are necessary to ensure safe deployment (Li et al., 2021).
However, facing a global public health emergency, both pharmaceutical
companies and the governments agreed to speed up the process. In the
U.S. for example, multiple COVID-19 vaccine candidates entered clinical
trials less than six months after the outbreak and were conditionally
approved for emergency use in ten months, a record-breaking speed in
vaccine development history (FDA, 2021). Because the COVID-19 vac-
cines were developed relatively quickly, concerns about insufficient
studies and rushed development may generate distrust, even though the
FDA insists that safety standards for approval were consistent with
previous approved vaccines. There is some evidence that minorities
show a higher level of distrust toward vaccines in development because
they are less likely to enroll in clinical trials (Murthy et al., 2004) than
Whites. Some scant, initial survey evidence suggests this type of distrust
is operating with respect to the COVID-19 vaccine, finding that Blacks
have less trust of the vaccine and are more likely to say they want to wait
for additional evidence before getting vaccinated (Kaiser Family Foun-
dation, 2021). This discussion leads to Hypothesis 4: Disadvantaged
racial and ethnic minorities (i.e., Blacks and Hispanics) will be more likely
than Whites and Asian Americans to have clusters of vaccine concerns that
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are characterized by a high level of distrust.
2. Methods

2.1. Data: Household Pulse Survey

The Household Pulse Survey (HPS) is a nationwide, repeated cross-
sectional, online survey administered by the U.S. Census Bureau that
aims to understand the experiences of individuals during the COVID-19
pandemic starting from late April 2020. The survey was conducted
weekly through July 2020 and bi-weekly thereafter. Adult respondents
were randomly selected from the U.S. Census Bureau’s Master Address
File and were contacted by email and text message if both were avail-
able, by email if no cellphone number was available, and by text if no
email was available. The list of contact email addresses and cellphone
numbers in the U.S. Census Bureau’s Master Address File were randomly
selected until exhausted. Both the email and cellphone text message
contained a link to the survey questionnaire; the survey takes approxi-
mately 20 min to complete. For each wave of data collection, the U.S.
Census Bureau sought to complete 93,500 surveys, but the actual
number completed varied slightly from wave to wave. Due to the
COVID-19 pandemic and mode of data collection, responses rates were
under 10% (Fields, 2021; U.S. Census Bureau, 2021). Despite being an
online repeated cross-sectional survey and having relatively low
response rates, the HPS remains one of the best publicly available U.S.

Table 1

Descriptive statistics of the household pulse survey, January 6 to March 29, 2021.
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national datasets that allows for an in-depth analysis of this study’s
research questions. Questions about the COVID-19 vaccine were added
to the 22nd wave of the survey (i.e., the period from January 6-18,
2021). Many important studies have relied on the HPS data to under-
stand vaccine coverage and vaccine hesitancy in the United States (e.g.,
Do & Frank, 2022; Hsieh et al., 2022; Nguyen et al., 2021; Tram et al.,
2021).

This study focuses on the early phase of vaccination and uses six
waves of data collected from January 6 to March 29, 2021. Because the
focus of this study is on racial and ethnic disparities in COVID-19 vac-
cine hesitancy, we excluded respondents from the study who had
already received the COVID-19 vaccine or who said they will “defi-
nitely” or “probably” get it when it is available. The final analytic sample
includes 60,492 adults (aged 18 or over). Table 1 shows the social and
demographic characteristics of respondents in the sample.

2.2. Classification of race and ethnicity

The Household Pulse Survey asks each respondent to self-identify his
or her racial and ethnic background. First, the question asks if the
respondent is of Hispanic, Latino, or Spanish origin. Next, the question
asks the respondent’s race, allowing the respondent to mark all racial
categories that apply. The racial categories are detailed, including
White, Black, American Indiana, Asian Indian, Chinese, Filipino, Japa-
nese, Korean, and so on. However, to protect confidentiality, the public

By Race and Ethnicity

Full Sample Non-Hispanic Black Hispanic Asian Others
White

Sample size 60,492 42,926 6705 6376 1093 3392

Mean or Percentage Mean or Percentage Mean or Percentage Mean or Percentage Mean or Percentage Mean or Percentage
Age 47.30 (14.49) 48.61 (14.49) 43.00 (12.60) 43.91 (14.73) 46.42 (14.71) 45.78 (14.67)
Female 65.0% 63.2% 77.8% 66.9% 58.8% 61.8%
Education
High school or less 23.2% 22.0% 25.0% 29.9% 15.0% 25.9%
Some college or associate’s degree 43.8% 44.1% 43.1% 43.3% 31.7% 46.2%
Bachelor’s degree 21.6% 23.0% 18.7% 16.1% 32.2% 17.1%
Graduate degree 11.3% 10.9% 13.3% 10.7% 21.1% 10.8%
Living arrangements
Living alone 14.5% 15.2% 17.1% 9.5% 11.1% 13.4%
Married, with spouse only 17.8% 21.2% 8.3% 9.5% 15.3% 12.6%
Married, intergenerational 35.2% 35.9% 25.0% 39.7% 42.6% 34.0%
Not married, multi-adult 14.3% 13.7% 14.3% 15.6% 16.0% 15.8%
Not married, intergenerational 17.6% 13.4% 34.7% 25.0% 14.2% 23.6%
Unknown 0.6% 0.6% 0.6% 0.7% 0.8% 0.6%
Household income
Less than $25,000 12.3% 10.7% 18.6% 14.9% 9.5% 16.0%
$25,000 - $49,999 18.8% 18.1% 21.9% 19.9% 14.8% 19.9%
$50,000 - $99,999 23.5% 25.3% 16.8% 19.7% 21.3% 21.6%
$100,000 and above 17.4% 19.9% 7.3% 12.6% 21.5% 18.7%
Missing 28.1% 26.0% 35.4% 33.0% 32.8% 29.3%
Employment status
Working for pay 61.5% 62.6% 58.8% 59.0% 60.3% 57.8%
Retired 9.4% 11.1% 4.8% 4.7% 7.3% 7.0%
Not working 28.6% 25.8% 36.1% 35.7% 31.9% 34.7%
Missing 0.5% 0.5% 0.3% 0.7% 0.5% 0.4%
Health insurance coverage 58.0% 60.0% 52.6% 51.2% 52.9% 58.0%
Resident state political environment
Democratic 45.0% 49.9% 37.7% 30.9% 25.2% 46.2%
Republican 33.8% 31.0% 34.3% 46.6% 57.8% 36.8%
Swing 22.2% 19.1% 28.0% 22.5% 17.0% 15.0%
Depression
No Depression 62.7% 64.9% 55.3% 57.0% 61.6% 59.3%
Depression 17.0% 16.5% 17.8% 19.0% 14.1% 20.2%
Missing 20.3% 18.6% 26.8% 24.0% 24.3% 20.6%
Anxiety
No Anxiety 58.5% 60.9% 51.3% 52.5% 57.9% 53.6%
Anxiety 21.3% 20.6% 22.0% 23.5% 17.9% 25.7%
Missing 20.2% 18.5% 26.7% 24.0% 25.2% 20.6%
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version of the dataset combines ethnic groups that have relatively few
respondents in them. As such, this study can classify respondents’ race
and ethnicity into one of only the following five groups: White, Black,
Hispanic, Asian, or Others. Respondents were classified as Hispanic if
they were of Hispanic, Latino, or Spanish origin, irrespective of race.

2.3. Concerns about the COVID-19 vaccine

Because the focus of the study is on vaccine hesitancy, the sample
includes only respondents who had not yet received the COVID-19
vaccine. These respondents were asked to report their intention to get
a vaccine. Respondents who did not answer ‘definitely yes’ to the
question about their likelihood of getting a COVID-19 vaccine were
asked about their reasons for vaccine hesitancy or refusal in the follow-
up question. The survey provided ten possible reasons and participants
could check all reasons that applied to them. The provided reasons were:
(1) ‘T am concerned about possible side effects of a COVID-19 vaccine’,
(2) ‘I don’t know if a COVID-19 vaccine will work’, (3) ‘I don’t believe I
need a COVID-19 vaccine’, (4) ‘I don’t like vaccines’, (5) ‘My doctor has
not recommended it’, (6) ‘I plan to wait and see if it is safe and may get it
later’, (7) ‘I think other people need it more than I do right now’, (8) ‘I
am concerned about the cost of a COVID-19 vaccine’, (9) ‘I don’t trust
COVID-19 vaccines’, and (10) ‘I don’t trust the government.” Table 2
displays the distribution of vaccine concerns toward COVID-19 by race
and ethnicity.

2.4. Analytical strategy

This study investigates the underlying patterns across vaccine con-
cerns using latent class analysis (LCA) via Mplus. Latent class analysis
allows us to capture variation in COVID-19 vaccine concerns that
involve more than one domain. Unlike a factor analysis that is concerned
with the structure of variables (i.e., correlations), LCA examines a ty-
pology based on the structure of cases (i.e., clusters of subtypes). Rather
than rank-ordering measures along separate, underlying continua, a
typology estimates a multivariate mixture of groups of cases, which
better aligns with the person-centered approach of this study. Using this
method, the analytic strategy will (1) identify reasons for COVID-19
refusal into different clusters (i.e., constellations of vaccine concerns)
and (2) examine the association between racial and ethnic group
membership and cluster of vaccine concerns, net of demographic and
socioeconomic characteristics.

The statistical analysis proceeded as follows. First, we used re-
spondents’ answers to the ten COVID-19 vaccine concerns to construct
the latent classes. Next, we tested models with two to six latent classes
for fit to identify the most appropriate and parsimonious model.
Maximum likelihood estimation with robust standard errors was used.
The following fit statistics were used to assess and compare across
models: Akaike Information Criterion (AIC), Bayesian Information Cri-
terion (BIC), Vuong-Lo-Mendell-Rubin Likelihood Ratio Test (VLMR-

Table 2
Distribution of vaccine concerns by race and ethnicity.
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LRT), and entropy. Lower AIC and BIC values indicate a better fit,
whereas an entropy value closer to 1 indicates a clearer delineation of
classes. The likelihood ratio test (VLMR-LRT) was used to compare the
nested models. A significant p value indicates that the added class im-
proves the fit of the model. By comparing these fit statistics along with
the interpretability of the classifying results, the optimal number of
classes was obtained (Nylund-Gibson & Choi, 2018).

After deciding the optimal number of classes, this study used the
three-step approach to study the associations between latent class
membership and socio-demographic factors (Asparouhov & Muthén,
2014). This approach involves first using only the indicators to
enumerate optimal class numbers, then creating the most likely class
variable with the class posterior distribution from step 1, followed by
regressing the most likely class on predicting variables while taking
misclassification into account (Vermunt, 2010). This three-step
approach can prevent classification shifts due to distributions and
combination of predictors in the structural models (Bakk & Kuha, 2020).

In addition to race and ethnicity, a full set of covariates were
included in the statistical analysis that may predict respondents’ latent
class membership, including the following: age of respondent, gender,
educational attainment (high school or less, some college or associate’s
degree, bachelor’s degree, graduate degree), employment status
(working for pay, not working for pay, retired), living arrangements
(living alone, living with married spouse only, married living in inter-
generational family, not married living with other adults, not married
living with children, unknown), health insurance coverage (yes or no),
household income (in four categories), and indicators of major depres-
sion (yes or no) and generalized anxiety disorder (yes or no). A missing
category for each of the above variables was used to enable use of the
full sample. The statistical models also included a control for the polit-
ical environment of respondents’ residential state (Democratic, Repub-
lican, swing).

3. Results
3.1. Descriptive statistics

Table 2 shows the distribution of the ten different vaccine concerns
by race and ethnicity. Regardless of race and ethnicity, the top three
reasons for vaccine hesitancy were: worried about the side effects of a
vaccine (51%), want to wait and see if the vaccine is safe and works well
(43%), and do not trust COVID-19 vaccines (34%). Very few respondents
(i.e., less than 4%) indicated concern about the cost of the vaccine.
Table 2 also clearly shows some interesting variations by race and
ethnicity. For example, non-Hispanic Whites are more likely than other
racial and ethnic groups to indicate that they do not need a vaccine.
Asians are more likely than other groups to indicate that they want to
“wait and see” before receiving a vaccine. Blacks more often indicated “I
don’t trust the COVID-19 vaccine” than all other racial and ethnic
groups. Interestingly, a higher proportion of non-Hispanic Whites than

Full Sample

By Race and Ethnicity

(N =60,492) Non-Hispanic Black Hispanic Asian Others
White (N = 42,926) (N = 6705) (N = 6376) (N =1093) (N = 3392)

(1) Side effects 51.8% 51.3% 54.2% 51.1% 51.1% 55.0%
(2) Don’t know if vaccine will work 21.9% 21.7% 21.7% 22.2% 23.7% 23.7%
(3) Don’t believe I need the vaccine 23.9% 26.3% 13.0% 19.9% 17.0% 24.8%
(4) Don’t like vaccines 13.4% 13.2% 13.9% 12.9% 12.9% 17.0%
(5) Doctor has not recommended 7.1% 7.0% 7.8% 6.7% 4.6% 8.7%
(6) Wait and see 43.2% 42.3% 48.5% 43.6% 49.55 41.9%
(7) Other people need it more 21.0% 21.9% 15.3% 20.6% 23.7% 21.6%
(8) Cost of vaccine 3.9% 3.5% 4.0% 5.8% 5.6% 5.1%
(9) Don’t trust COVID-19 vaccines 34.3% 34.2% 36.9% 31.7% 26.0% 38.3%
(10) Don’t trust the government 26.9% 27.5% 23.2% 25.0% 17.7% 32.8%
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Blacks indicated one of their reasons for not getting the vaccine was that
they “don’t trust the government.”

3.2. Fit Statistics and Optimal Number of Classes

Table 3 displays diagnostic statistics for the LCA by number of
classes. These statistics allow for comparison across classes and deter-
mine the optimal number of classes. Taken together, these fit statistics
suggested that the best solution is to use five classes. Although some of
the fit statistics suggested a six-class solution was the best fit for the data,
we chose the five-class solution because it has higher interpretability
along with good discrimination between classes, as well as the second
best AIC (45755) and BIC (46415) and highest entropy (0.76). More
specifically, as compared with the four-class solution, the five-class so-
lution showed lower AIC, BIC and log-likelihood values. The VLMR-LRT
also reach significance, suggesting that the five-class solution fitted
better than the four-class solution to the data. In contrast, although
compared with the five-class solution the six-class solution had lower
AIC, BIC and log-likelihood values with a significant VLMR-LRT, the
entropy of the six-class solution dropped substantially, suggesting that
the additional class may not generate clear-cut classifications. There-
fore, we chose the five-class solution as our final model. Although our
entropy did not pass the conventional cut-off value (0.8), it has been
documented that entropy is negatively correlated with sample sizes
(Tein et al., 2013). Given the large sample size in this analysis, our
classification results displayed reasonably sufficient separation (Aspar-
ouhov & Muthén, 2014; Bakk & Kuha, 2020).

Table 4 shows the estimated probabilities for each LCA indicator.
From this data, respondents were classified into five distinct classes, as
follows:

(1) General skepticism: High level of distrust concerning every aspect
of the vaccine

(2) Science and government distrust: Distrust in government
administration and the scientific development of the vaccine

(3) Safety and hesitancy: Concerns about side effects and a prefer-
ence to “wait and see”

(4) Just wait and see: No evidence of distrust, but simply does not
want to get the vaccine now

(5) Not quite sure: Low level of distrust across all aspects of the
vaccine

Respondents in each class display different views toward the COVID-
19 vaccine, as illustrated in Supplementary Fig. 1. About 5 percent the
sample belonged to Class 1 (general skepticism), characterized by strong
concerns about every aspect of the vaccine. Individuals in this group not
only had concerns about potential side effects but were also skeptical of
the effectiveness of the vaccine, believed they do not need the vaccine,
and showed strong distrust toward the vaccine and government.

About 14 percent of the sample belonged to Class 2 (science and
government distrust), characterized by high levels of distrust toward the
science around the COVID-19 vaccine and the government, as well as
strong concerns about the vaccine’s potential side effects. This group
also had some concerns on whether the vaccine was truly effective, and
some belief that they do not personally need the vaccine.
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About 24 percent of the respondents belonged to Class 3 (safety and
hesitancy), characterized by high concerns about the potential side ef-
fects of the COVID-19 vaccine and a high probability of wanting to “wait
and see.” However, unlike respondents in Class 2, respondents in Class 3
did not show high levels of distrust toward the science around the
COVID-19 vaccine or the government. As such, the main concern in
Class 3 was whether the vaccine would cause any side effects, which
made these respondents want to wait for more people to receive the
vaccination so there is more evidence available on its effects. We
selected Class 3 as our reference group for the subsequent multinomial
logistic regression (Table 5) because the concern pattern of Class 3 is a
reasonable baseline. Given the novelty and uncertainty of COVID-19, its
rapid onset, and the newness of its biomedical treatments and pre-
vention—the concerns that characterize Class 3 can be understood as a
moderate and reasonable reaction.

About 12 percent of the respondents belonged to Class 4 (just wait
and see), distinctly characterized by an extremely high level of wanting
to wait and see without expressing any other concerns. Respondents in
this class had no other concerns but just wanted to wait and see. Finally,
about 45 percent of the respondents belonged to Class 5 (not quite sure).
Respondents in this group had reasons for vaccine hesitancy that were
less clearly articulated, i.e., members of this group expressed relatively
low levels of concern for each of the ten reasons.

4. Results from multinominal logistic regression

Table 5 shows the results from the multinomial logistic regression
that links race and ethnicity to each of the five classes of vaccine hesi-
tancy, net of the effect of demographic and socioeconomic characteris-
tics. Compared to Whites, Blacks were less likely to be in the “general
skepticism” class, “science and government distrust” class, and “not
quite sure” class. Hispanics and Asians were also less likely to be in the
“science and government distrust” class than Whites. Asians were also
less likely to be in the “not quite sure” class than Whites. The pattern in
the results suggests that Blacks do not show higher levels of distrust than
all other racial and ethnic groups toward the COVID-19 vaccine or the
government.

5. Discussion

In December 2020, the Pfizer-BioNTech and Moderna vaccines were
approved for emergency use in the United States. Shortly thereafter, the
U.S. government launched an ambitious plan to vaccinate at least 70
percent of its population (with at least one dose) by July 4, 2021 (Na-
tional Public Radio, 2021). In late-May 2021, 38.9 percent of the U.S.
population was fully vaccinated (two doses) and 48.9 percent was
partially vaccinated (one dose; Centers for Disease Control and Pre-
vention, 2021a). By mid-February 2022, 64 percent of the U.S. popu-
lation was fully vaccinated, and 76 percent was partially vaccinated.
About 40 percent of the fully vaccinated population had also received a
booster vaccine (U.S. Centers for Disease Control and Prevention, 2022).
However, by mid-February 2022, the U.S. public’s interest in the vaccine
remained lower than most OECD countries (Ritchie et al., 2022) and
racial-ethnic disparities in vaccination remained substantial (Kaiser
Family Foundation, 2021; 2022). Having reached the point where most

Table 3
Fit statistics for latent class analysis.
Number of Classes Log-likelihood N of free parameters VLMR-LRT AIC BIC Entropy
2 —285191%*** 21 —302947*** 570425 570614 0.726
3 —280811*** 32 —285191*** 561686 561873 0.738
4 43 557298 557686 0.757
5 —277289%** 54 554686 555172 0.759
6 —276398*** 65 —277289%** 552927 553512 0.684

Note: VLMR-LRT = Vuong-Lo-Mendel-Rubin likelihood ratio test; AIC = Akaike Information Criterion; BIC = Bayesian Information Criterion.
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Table 4
Estimated probabilities of vaccine concerns between classes.
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Class 1 Class 2

Class 3 Class 4 Class 5

N = 3096 (5.1%) N = 8634 (14.2%)

N = 14266 (23.6%) N = 7300 (12.1%) N = 27196 (45.0%)

(1) Side effects 0.98 0.82

(2) Don’t know if 0.88 0.43
vaccine will work

(3) Don’t believe I 0.69 0.53
need the vaccine

(4) Don’t like 0.49 0.31
vaccines

(5) Doctor has not 0.34 0.07
recommended

(6) Wait and see 0.66 0.23

(7) Other people 0.61 0.06
need it more

(8) Cost of vaccine 0.25 0.02

(9) Don’t trust 0.89 0.97
COVID-19
vaccines

(10) Don’t trust the 0.70 0.77

government

Description of each General skepticism:

Science and government distrust:

0.86 0.15 0.29
0.38 0.00 0.05
0.16 0.00 0.20
0.09 0.00 0.10
0.09 0.01 0.05
0.91 1.00 0.07
0.41 0.07 0.14
0.08 0.00 0.01
0.32 0.00 0.19
0.22 0.01 0.16

Safety and hesitancy: Just wait and see: No Not quite sure: Very

class Distrust in general and
concerning every potential

issue of vaccine

Distrust in government
administration and the scientific
development of vaccine

modest level of distrust
and/or strong opinions
for vaccine hesitancy

evidence of distrust but
simply does not want to
do so now

Concerns about side
effects and a preference to
“wait and see”

people who are enthusiastic about the vaccine have received it, the
challenge the U.S. now faces is persuading individuals who are consid-
ered “vaccine hesitant” to accept the vaccine. In this context, under-
standing and addressing any racial and ethnic differences around
vaccine hesitancy that exist is even more critical. The findings of this
study not only reflect how beliefs clustered in early phase of vaccination
but also have important implications for addressing COVID-19 related
health inequality persists today.

Overall, we find partial support for the research hypotheses. First,
there is evidence that vaccine concerns tend to cluster and that distinct
constellations of vaccine concerns exist. Our analysis used LCA to divide
survey respondents who were refusing the COVID-19 vaccine into five
distinct classes based on their reasons for refusing the vaccine: general
skepticism (5 percent of sample), distrust of science and government (14
percent of sample), safety and hesitancy (24 percent of sample), a gen-
eral desire to wait and see accompanied by no other concerns (12
percent of sample), and those who were not quite sure, i.e., had only
modest concerns across all ten reasons (45 percent of sample). In this
way, the findings from this study suggest moving interventions away
from a simple, single-concern focus and toward the more nuanced,
multiple reasons that people hold at once. For example, for the in-
dividuals in Class 3 who are concerned about potential side effects and a
preference for going slowly and waiting for more information, an
intervention would be most effective if it provided more safety infor-
mation while also elucidating the costs of delay. This messaging can
complement existing health messaging approaches that, based on prior
research, focus on a single issue (Bogart et al., 2021).

Second, the constellation of concerns about the COVID-19 vaccine in
the adult population varies by race and ethnicity, in sometimes sur-
prising ways. More specifically, the results support that Black and His-
panic adult—compared to Whites—are more likely to belong to the
‘safety and hesitancy’ group, which is characterized by heightened
concerns about side effects and wanting to wait and see before getting
the vaccine. However, contrary to our expectation, Asian respondents
are also more likely to belong to the safety and hesitancy group than
Whites, similar to their Black and Hispanic peers. This surprising finding
suggests that factors other than material constraints may also impact
how Asian Americans perceive the risks and benefits of COVID-19
vaccination. Although Asian Americans may have more socioeconomic

advantages and thus less concern about disruptions from vaccine side
effects on their work and family lives, it could be that their higher ed-
ucation level translates to greater concerns about possible long-term side
effects from the vaccines, especially given that at the time of data
collection the vaccines had not been fully tested or obtained full
approval from the Food and Drug Administration.

Third, we also find evidence that racial and ethnic backgrounds are
associated with different constellations of vaccine concerns that char-
acterized by distrust toward the vaccine and government, although the
directions of associations are unexpected. Our results show
that—compared to Whites—Asian, Black, and Hispanic adults are less
likely to belong to the ‘distrust of science and government’ group, which
is characterized by elevated distrust of science and the government. Our
finding departs somewhat from the prior literature that overwhelmingly
cites racial minorities’ distrust of government and the healthcare system
as the main explanatory factor for their vaccine hesitancy (e.g., Jamison
et al., 2019). Certainly, distrust of the medical system is widely present
in minority communities and has contributed to the -current
epidemiological-political context of COVID-19. However, this study’s
findings suggest that minority communities’ initial distrust may be
specific to the newness and rapid development of the COVID-19 vaccine
and may be changing. The data used in the current study were first
collected in January 2021, around the time of the presidential transition.
Up to that point, racial and ethnic minority communities had suffered a
disproportionately large disease burden (Holtgrave et al., 2020; Kim &
Bostwick, 2020; Tai et al., 2021), and the disease containment measures
of the Trump administration were widely perceived as inadequate and
not trustworthy, particularly among racial and ethnic minority com-
munities (Woko et al., 2020). Our finding that racial and ethnic mi-
norities’ more recent concerns (i.e., January 2021 through May 2021)
are about the vaccines’ side effects rather than general distrust of the
government and healthcare system suggests that the Biden administra-
tion’s deployment of the vaccine and related public health initiatives
may be succeeding at generating trust and hope in the hardest-hit
communities. However, it must also be noted that our analysis found
that individuals in the “other” racial category, which includes Native
Americans and people of mixed races, were more likely to cite distrust of
the science and the government as a reason for vaccine hesitancy,
indicating these vulnerable populations may still feel anxious about the
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Table 5

Results of Latent Class Mixture Model (3-step approach) in Predicting Latent Class Membership.
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Class 1 vs Class 3
Coefficient (SE)

Class 2 vs Class 3
Coefficient (SE)

Class 4 vs Class 3
Coefficient (SE)

Class 5 vs Class 3
Coefficient (SE)

Age
Female

Race and Ethnicity (ref: Non-Hispanic White)

Black

Hispanic

Asians

Others

Education (ref: High school or less)
Some college

Bachelor’s degree

Graduate degree

Living arrangements (ref: Living alone)
With married spouse only
Intergenerational family

Not married multi-adult

Not married with children

Unknown

Household income (ref: Less than $25,000)
$25,000 - $49,999

$50,000 - $99,999

$100,000 and above

Missing

Employment status (ref: Not working)
Employed

Retired

Health insurance coverage

0.013*** (0.003)
—0.866*** (0.066)

—0.446*** (0.118)
0.019 (0.100)
—0.317 (0.227)
0.340** (0.116)

—0.211* (0.085)
—0.336*** (0.100)
—0.153 (0.115)

—0.278* (0.124)
—0.256* (0.101)
—0.097 (0.110)
—0.062 (0.113)
0.739 (0.384)

—0.224* (0.112)
—0.305** (0.115)
—0.253* (0.129)
—0.005 (0.135)

—0.255** (0.073)
—0.479** (0.157)
—0.476*** (0.097)

Resident state political environment (ref: Republican)

0.018*** (0.002)
—0.614*** (0.041)

0.082 (0.081)

—0.249*** (0.053)
—0.429*** (0.061)
—0.510*** (0.076)

0.149* (0.076)
0.133* (0.067)
—0.063 (0.078)
0.171* (0.076)
1.060*** (0.287)

—0.203** (0.076)
—0.079 (0.074)
—0.223** (0.082)
—0.053 (0.092)

—0.108* (0.047)
—0.116 (0.090)
—0.198** (0.070)

—0.172%** (0.044)
0.003 (0.051)

0.141* (0.067)
—0.588* (0.262)

—0.024 (0.063)
0.463 (0.260)

0.035*** (0.002)
0.043 (0.045)

0.099 (0.061)
0.078 (0.064)
—0.006 (0.133)
—0.220* (0.094)

0.002 (0.076)
0.134* (0.066)
—0.105 (0.076)
0.042 (0.074)
0.344 (0.336)

—0.166* (0.075)
—0.164* (0.075)
—0.220** (0.081)
0.085 (0.092)

—0.128** (0.046)
—0.181* (0.086)
—0.029 (0.072)

—0.094* (0.044)
—0.040 (0.052)

—0.152* (0.074)
0.533* (0.239)

—0.048 (0.067)
—0.277 (0.241)

0.035*** (0.001)
—0.470*** (0.031)

—0.105* (0.044)
0.045 (0.045)
—0.243** (0.094)
—0.033 (0.061)

—0.464*** (0.039)
—0.706*** (0.045)
—0.694*** (0.053)

—0.082 (0.055)
—0.077 (0.047)
—0.163** (0.053)
—0.039 (0.053)
0.756** (0.244)

—0.222%** (0.053)
—0.251*** (0.054)
—0.294*** (0.058)
0.028 (0.066)

—0.300*** (0.033)
—0.426*** (0.067)
—0.397*** (0.049)

—0.123*** (0.031)
—0.015 (0.037)

0.037 (0.049)
—0.090 (0.195)

—0.028 (0.045)
—0.107 (0.196)

Democratic —0.149* (0.072)
Swing —0.021 (0.084)
Depression (ref: No Depression)

Depression 0.153 (0.105)
Missing 0.000 (0.387)
Anxiety (ref: No Anxiety)

Anxiety 0.338** (0.099)
Missing —0.276 (0.402)

Note: ***p < 0.001, **p < 0.01, *p < 0.05.

healthcare system, new administration and its policies.

These findings have several implications. First, extant research on
COVID-19 vaccine hesitancy has primarily focused attention on racial
and ethnic minorities. Furthermore, prior studies on vaccine hesitancy
in the White population have focused predominantly on child vaccina-
tion (i.e., Reich, 2016). This focus ignores vaccine hesitancy in the adult
population as a public health issue, and potentially unfairly stigmatizes
racial and ethnic minorities as vaccine hesitant. Given that Whites still
occupy the majority of U.S. population, understanding their vaccine
concerns is crucial for fighting the COVID-19 pandemic. Findings from
this study highlight the underlying patterns of vaccine concerns among
racial and ethnic groups during the early period of vaccine availability,
which may help practitioners understand and address the seemingly
unique reasons that people from all racial and ethnic groups sometimes
choose to reject COVID-19 vaccination. The data presented in this study
may assist in more accurate, tailored planning for early vaccine rollouts
during future pandemics.

Before concluding, we acknowledge several limitations of this study.
First, the analysis is cross-sectional and is not able to determine if the
underlying patterns of vaccine hesitancy change over time. With this
data and analytic techniques, we cannot directly assess the extent to
which respondents’ views about the COVID-19 vaccine may be driven by
changing lives and experiences during the pandemic. Second, although
the provision of ten reasons is fairly comprehensive, the Household
Pulse Survey does not exhaust all potential reasons for vaccine hesi-
tancy. Third, because the publicly available dataset collapsed the orig-
inal, more finely-grained racial and ethnic groups into five categories, it
does mask some information on race and ethnicity. For example, we

were not able to examine variations in reasons for vaccine hesitancy
within subpopulations of Asians and Hispanics. Fourth, unfortunately,
the HPS in these waves did not include questions about physical health,
such as self-rated health or disability. It is possible that possible racial
and ethnic differences in physical health that we were unable to assess
may have resulted in different patterns of vaccine concerns. Finally,
although the HPS is a national survey, it is not nationally representative.
Prior studies suggest that, compared to estimates from the nationally
representative American Community Survey, HPS respondents have
greater educational attainment, are more likely to be women, and are
slightly more likely to be White (Donnelly & Farina, 2021). As such,
information about the most disadvantaged racial and ethnic minorities
may be underestimated in this study’s analysis.

In conclusion, the findings from this study make clear that there are
significant variations in individuals’ reasons for COVID-19 vaccine
hesitancy in the United States, that their different reasons cluster
together into certain key typologies, and that individuals’ race and
ethnicity is associated with these typologies. Because different reasons
for vaccine hesitancy will require different strategies to undo, public
health actions and interventions will be more effective at increasing
vaccine uptake if they tailor their approach to patterns that occur,
especially in racial and ethnic minority communities. Overall, our study
provides a more comprehensive understanding of the underlying pat-
terns of reasoning among individuals who have refused the vaccine,
across racial and ethnic groups. This information is useful for thinking
about how groups respond to public health emergencies and how we
study it and may be of paramount importance as the U.S. works to in-
crease vaccine uptake among in the months and years to come.
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