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Abstract

Vaccine hesitancy remains an issue in the United States. This study conducted an online
survey [N = 3,013] using the Social Science Research Solution [SSRS] Opinion Panel web
panelists, representative of U.S. adults age 18 and older who use the internet, with an over-
sample of rural-dwelling and minority populations between April 8 and April 22, 2021- as
vaccine eligibility opened to the country. We examined the relationship between COVID-19
exposure and socio-demographics with vaccine intentions [eager-to-take, wait-and-see,
undecided, refuse] among the unvaccinated using multinomial logistic regressions [ref: fully/
partially vaccinated]. Results showed vaccine intentions varied by demographic characteris-
tics and COVID-19 experience during the period that eligibility for the vaccine was extended
to all adults. At the time of the survey approximately 40% of respondents were unvacci-
nated; 41% knew someone who had died of COVID-19, and 38% had experienced financial
hardship as a result of the pandemic. The vaccinated were more likely to be highly educated,
older adults, consistent with the United States initial eligibility criteria. Political affiliation and
financial hardship experienced during the pandemic were the two most salient factors asso-
ciated with being undecided or unwilling to take the vaccine.

Introduction

COVID-19 vaccines are widely available in the United States, but portions of the population
remain unvaccinated. Weekly vaccinations peaked in April 2021 as vaccine eligibility opened
to all adults, and within three months had plateaued at just over half the population greater
than 12 years old [1]. According to a study of 39 nationally representative polls taken in the
beginning of 2021, approximately one third of the population appeared skeptical or unwilling
to take the vaccine, and as of November 2021 vaccination rates in a number of states are below
50% [2]. Most of these polls, as well as the scientific research that has been conducted on vac-
cine hesitancy, was conducted prior to this pivotal period in April when vaccine supply
became available to everyone. Furthermore, the public evaluation of vaccine safety and efficacy
should be considered within the empirical context of nearly 200 million individuals who have
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been fully vaccinated, the rarity of adverse events, and the apparent effectiveness of the vac-
cines at preventing COVID-19 hospitalizations and death. The persistence of substantial vac-
cine reluctance despite the overwhelming evidence of its utility and the ready accessibility to
vaccine stocks suggests that there may be cultural, historical, and political cues that shape peo-
ple’s vaccine intentions. Understanding the factors that contribute to such reluctance can help
risk communication strategies that promote effective protective behaviors. This is particularly
critical given a public health threat that has both individual and population repercussions.

A growing body of literature has determined that vaccine hesitancy is a complex decision-
making process influenced by experience, risk perception, culture, confidence in authorities
and medicine [3, 4]. Hesitancy varies by convenience, complacency, and confidence, and can
vary vaccine to vaccine because of these factors- meaning the level of confidence in vaccine A
may be different than vaccine B, as would level of convenience to access the vaccine itself. This
means that trends seen related to uptake of existing vaccine such as flu, HPV, MMR, polio, etc.
may not be consistent for a new vaccine, and that for each vaccine there is a confluence of fac-
tors that will relate to its uptake. Vaccine hesitancy exists on a continuum ranging from overt
acceptance to uncertainty, delay, and outright refusal. Several scholars have also found that
movement along [up or down] this continuum of hesitancy can be a dynamic process, with
individuals’ views changing in relation to available and trusted information, social context,
and personal beliefs [3].

Prior to the COVID-19 vaccine rollout, researchers investigated the relationship among
vaccine hesitancy and economic and demographic factors using traditional surveys or online
panels [5-11]. Because of the varying 3Cs depending on the vaccine, there is expected variation
in which demographics are most associated with vaccine uptake. While most studies found
that Black adults were more likely to be vaccine hesitant than white adults, findings regarding
other demographic characteristics were more mixed [2, 12-15]. For instance, Viswanath
found that those who were younger were more likely to be vaccine hesitant than those who
were older, while Karpman found that those 35-49 were more likely to be vaccine hesitant,
compared to both older and younger groups [12, 15]. Findings regarding gender were similarly
mixed, with several studies reporting that women were more likely to be vaccine hesitant, oth-
ers finding the opposite, and some finding no relationship [12, 13]. Findings regarding
employment status and education status were similarly mixed [13-15]. Politicization of the
pandemic and vaccination is an emerging research topic at the time of this study, with one
study finding political party to be predictive of vaccine intention [prior to the vaccine being
available] [16].

In addition to demographics, some authors have explored the role of risk perception and
exposure as it relates to COVID-19 vaccination intentions. For instance, Viswanath and col-
leagues examined the relationship between intent to vaccinate and the construct of risk percep-
tion, operationalized as susceptibility and severity [15]. While higher perceptions of both
susceptibility and severity were associated with intentions to take the vaccine, having someone
in the family who contracted COVID-19 was not associated with intent to vaccinate. At the
same time, few studies have examined the role of economic impacts of the COVID-19 pan-
demic on vaccine hesitancy.

The current research on COVID-19 vaccine intentions is mixed in both measurement of
the hesitancy outcome and demographic results. Many research studies and polling on
COVID-19 vaccination intentions have not fully captured the spectrum of intent, and focused
instead on dichotomous outcomes [yes/no], 4 -point Likert scales to capture likelihood in
intent, or used an outcome that has three categories [intends to be vaccinated/unsure/does not
intend to be vaccinated] [2]. Allowing for a wider range of responses along a continuum of
intent/action may provide important insights for increasing vaccination rates. More
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importantly, at the time this study was conducted, little research has focused on the period
after vaccines became available and plentiful while the public health community was mobilized
to promote the vaccine. This study is positioned to identify what sociodemographic and pan-
demic experience variables were associated with the spectrum of vaccine hesitancy using a
nationally representative online survey conducted in April 2021.

We specifically sought to answer three research questions in this study:

1. How did vaccination intentions vary on a continuum of vaccine hesitancy in the period of
time immediately after vaccines were available?

2. Which sociodemographic factors were associated with being undecided in vaccine
intentions?

3. And, what was the relationship between pandemic experience with COVID-19 and level of
vaccine hesitancy?

Methods
Study design and data collection

Here we describe our survey, consistent with the Checklist for Reporting Results of Internet
E-Surveys (CHERRIES) [17]. An online survey was conducted from a random sample of the
Social Science Research Solution [SSRS] Opinion Panel web panelists, representative of U.S.
adults age 18 and older who use the internet. The SSRS Opinion Panel uses two sampling
methods: 1) an Address-Based Sample [ABS] frame to randomly recruit nationally representa-
tive samples, and 2) the SSRS Omnibus survey, a multi-frame random digit dial sample of
landlines and cellphones, to recruit harder-to-reach demographic groups. For this study, the
SSRS Omnibus survey platform oversampled Blacks, Hispanics, and adults living in rural
areas. Survey items were pilot tested with unvaccinated graduate students for cognitive testing
prior to administration. The 30-minute pre-tested web survey was emailed to the web panelists
with a unique link with a passcode either in English or Spanish based on the respondent’s pre-
ferred language. As an incentive for participation, a gift card in electronic form was emailed
after the survey. To ensure the proper administration of the survey and the content of the ques-
tionnaire, a “soft launch” was conducted on April 7, 2021, to a limited number of the respon-
dents. The survey was fully launched to the rest of the sample on April 8, 2021 and completed
on April 22, 2021. An email invitation was sent to 6,233 individuals. Approximately 53%
replied. Among those who responded, 307 individuals either did not complete the survey or
refused to participate. SSRS used “trap” questions as standard quality control checks in their
survey., one of the questions asked respondents to “select the option below that spells out the
number “7” and the options given were “1] Lizard, 2] Bowl, 3] Seven, 4] Ruler, 5] Lunch.” The
respondents who answered three or more of the trap questions incorrectly were removed from
the analysis sample. Those whose survey length was less than 5.5 minutes [less than 20% of the
average length for the full sample] as well as those who skipped more than 10% of the questions
were eliminated from the sample. A total of four completed surveys were removed after apply-
ing these cleaning standards. A respondent who did not answer their vaccination status [which
was the outcome variable] was also eliminated. Our final sample included 3013 respondents
who completed the survey. IRB approval was obtained through the NYU Institutional Review
Board and the panelists were provided with a digital consent form at the beginning of the
survey.

PLOS ONE | https://doi.org/10.1371/journal.pone.0267734 June 1, 2022 3/17


https://doi.org/10.1371/journal.pone.0267734

PLOS ONE

Determinants of the COVID-19 vaccine hesitancy spectrum

Outcome variable

Survey respondents were asked whether they have received the COVID-19 vaccine. The
response options were 1) fully vaccinated 2) partially vaccinated 3)not yet vaccinated. Those
who had not yet been vaccinated were asked about their likelihood of taking the COVID-19
vaccine once becoming eligible. To capture the spectrum of vaccine hesitancy, answer catego-
ries included: 1) take it as soon as possible (eager), 2) wait to see how it goes before taking it
(wait-and-see), 3) undecided, and 4) will not take the vaccine [refuse]. Fully or partially vacci-
nated respondents were combined into a single category, resulting in five categories for our
dependent variable. For the ease of interpretation, the five categories will hereafter be referred
to as vaccinated, eager, wait, undecided, and refuse.

Independent variables

The independent variables included sociodemographic characteristics as well as COVID-19
experience variables.

Sociodemographics. For the sociodemographic characteristics, age [18-29, 30-49, 50-64
and 65 and older], sex [female and male], race and ethnicity [non-Hispanic White, non-His-
panic Black, Hispanic and other], educational attainment [Less than or graduated high school,
some college or graduated college, and post graduate or professional degree], annual house-
hold income [<$25,000, $25,001-<$50,000, $50,001-<$75,000, $75,001-<$100,000,
>$100,001], religion [Protestant, Evangelical Catholic, other and Agnostic/Atheist], living in
rural or metropolitan/suburban areas, types of health insurance [private, Medicare, Medicaid,
TRICARE/Indian HS/Veteran/Other and uninsured], being a parent [living with children
under age 18], and political party affiliation [Democrat, Republican, independent, and don’t
know] were included.

COVID-19 experience. To understand a respondents experience with COVID-19, we
asked whether the respondent had been infected with COVID-19, personally knew someone
who died of COVID-19, or was financially impacted by COVID-19 in the form of losing a job,
losing income, and/or trouble paying for rent and other necessities. These were each binary
indicator variables. Financial severity is an index score of financial hardships including losing
a job, losing income, trouble paying for necessities. The minimum is 0, indicating no financial
hardship and maximum is 3 indicating hardships in all three areas.

Statistical analysis

Descriptive and bivariate analyses used chi-square tests to evaluate associations between the
distributions of the sociodemographic characteristics as well as the COVID-19 experiences
with the five different outcome categories. Chi-square tests of independence were conducted
between the five outcome groups and predictor variables. We used unadjusted multinomial
logistic regression models to estimate the independent effect of each predictor, then built an
adjusted multinomial logistic regression model with all the covariates to examine adjusted risk
ratios. We also tested a series of models with interaction terms [political party and age, educa-
tion and race, gender and age/education/race, ethnicity and knowing someone who died of
COVID personally, and education and financial hardship]. Although we considered using
ordered logistic regression, the data did not meet the proportional odds assumption, nor
would such an approach allow us to maintain the fully/partially vaccinated group as a consis-
tent reference group, so we used multinomial logistic modeling. A forest plot was drawn after
running the multivariable multinomial regression to assess the effect size of each variable. A
multicollinearity test was conducted by examining the conditionings of the indices [using
Stata “coldiag2”] and a condition number of 30 or greater was used as a cut-off value [18]. A
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Generalized Hosmer-Lemeshow goodness of fit test was used to assess the model fit. Data anal-
ysis was performed using Stata version 15 and a p-value of 0.05 was used as a threshold for sta-
tistical significance.

Results
Sample characteristics

Table 1 shows the distribution of sociodemographic characteristics as well as the COVID-19
exposure variables by the vaccine acceptance groups. Chi-squared tests show that the distribu-
tions of each variable are statistically significantly different by the vaccine acceptance groups
and that the five different outcome groups were statistically significantly different from each
other in all the variables listed in Table 1. In our sample, more than half of the respondents
[59%] were either fully or partially vaccinated at the time of our survey. About 10% of the
respondents reported that they were eager to be vaccinated, while the rest of the respondents’
[approx. 30%] answers fell along the COVID-19 vaccine hesitancy spectrum. Over 85% of the
sample had not had COVID-19, and the majority had not known anyone personally who died
of COVID-19 [59.2%]. Over 40% of the respondents indicated that they had experienced
financial hardships resulting from the pandemic.

Multinomial logistic regressions

We conducted both unadjusted and adjusted multivariable multinomial regressions to esti-
mate the independent and controlled effect of each independent variable on vaccine accep-
tance. Our research questions asked [2] which sociodemographics were related to which levels
of the hesitancy spectrum and [3] what was the relationship between COVID-19 experience
and hesitancy level, so we report these results by hesitancy level below. Results of unadjusted
multinomial regressions are shown in Table 2. Below we describe the results of adjusted multi-
nomial regression for each level of the vaccine hesitancy spectrum compared to those that
were fully or partially vaccinated as a reference group [Table 3]. Our description focuses on
which factors were associated with being more likely to fall in that level of the hesitancy spec-
trum. Effect size and range of relative risk ratios can be seen in Fig 1.

Eager. Age was a significant predictor in the adjusted multivariable multinomial regres-
sion. Those who are younger were more likely than those over 65 to be in the eager group.
Female respondents were more likely to be in the eager group compared to Males
[aRRR = 0.72, 95%CI:0.55-0.94]. Employment status showed a statistical significance, indicat-
ing that those who were unemployed had 1.7 times the risk of being in the eager group com-
pared to the employed [95%CI:1.23-2.35]. The aRRR for urban respondents was 2.06, showing
that they were more likely than non-urban dwellers to be in the eager group. When compared
to respondents who live in the Northeast region, those who live in the South and the West
regions were less likely to be in the eager group [aRRR = 0.55, 95% CI:0.38-0.79 for South
region, aRRR = 0.67, 95% CI:0.45-0.98 for North region]. Those without health insurance had
a higher risk of being in the eager group [aRRR = 2.43, 95%CI:1.42-4.17] compared to those
with private health insurance. The aRRR for being in the eager group was 1.69 [95% CI: 1.25-
2.29] for those with independent political affiliation, indicating that they were more likely to
be in the eager compared to Democrats. Among the COVID-19 exposure variables, those who
had COVID-19 were more likely than the uninfected to be in the eager group [aRRR = 1.47,
95% CI:1.01-2.14].

Wait. Those who are younger were more likely than those over 65 to be in the wait group.
Non-Hispanic black and Hispanic respondents were 2.45 and 1.75 times the risk of being in
the wait group compared to the non-Hispanic white counterparts, respectively. Those with less
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Table 1. Sociodemographic characteristics and COVID risk perception of the samples by vaccination status.

All Fully/partially vaccinated Eager-to-take Wait-and-see Undecided Refuse [n = 337, | p-value
[n=3013] [n=1779, 59.0%] [n =313, 10.4%] [n =274, 9.1%] [n =310, 10.3%] 11.2%]
Age groups <0.001
18-29 | 474 [15.8%] 205 [11.6%] 84 [27.0%] 73 [26.7%] 56 [18.2%] 56 [16.7%]
30-49 1112 527 [29.8%] 144 [46.3%] 134 [49.1%] 146 [47.4%] 161 [47.9]
[37.1%]
50-64 | 786 [26.2%] 508 [28.7%)] 66 [21.2%] 49 [18.0%] 82 [26.6%] 81 [24.1%]
65+ | 625[20.9%] 529 [29.9%] 17 [5.5%] 17 [6.2%] 24 [7.8%] 38 [11.3%]
Gender <0.001
Female 1370 845 [47.8%] 163 [52.8%] 119 [43.8%] 122 [39.4%] 121 [36.0%]
45.7%]
Male| 1626 924 [52.2%] 146 [47.3%) 153 [56.3%] 188 [60.7%] 215 [64.0%]
[54.3%]
Race/Ethnicity <0.001
White Non-Hispanic 1684 1053 [59.7%] 154 [49.5%] 123 [45.2%] 163 [53.3%] 191 [57.0%]
[56.4%]
Black Non-Hispanic | 569 [19.0%] 313 [17.7%] 41 [13.2%] 74 [27.2%] 68 [22.2%] 73 [21.8%]
Hispanic | 531 [17.8%] 260 [14.7%] 77 [24.8%] 64 [23.5%] 67 [21.9%] 63 [18.8%]
Other | 204 [6.8%] 138 [7.8%] 39 [12.5%] 11 [4.0%] 8 [2.6%] 8 [2.4%]
Education <0.001
Less than/graduated high | 614 [20.4%] 256 [14.4%] 85 [27.2%] 62 [22.6%)] 100 [32.4%] 111 [32.9%]
school
Some college or graduated 1551 885 [49.8%)] 151 [48.2%] 165 [60.2%] 171 [55.3%] 179 [53.1%]
college [51.5%]
Post-graduate/professional | 847 [28.1%] 638 [35.9%)] 77 [24.6%)] 47 [17.2%] 38 [12.3%] 47 [14.0%]
Employment status 0.045
Unemployed 1071 663 [37.3%] 116 [37.1%] 85 [31.0%] 93 [30.0%] 114 [33.8%]
(35.6%]
Employed [full or part time] 1940 1114 [62.7%] 197 [62.9%] 189 [69.0%] 217 [70.0%] 223 [66.2%]
[64.4%]
Annual Income <0.001
Less than $25,000 | 515 [17.1%] 207 [11.6%] 68 [21.8%] 69 [25.3%] 78 [25.2%] 93 [27.6%]
$25,000 to less than $50,000 | 656 [21.8%] 348 [19.6%) 80 [25.6%] 69 [25.3%] 83 [26.8%] 76 [22.6%]
$50,000 to less than $75,000 | 573 [19.0%] 361 [20.3%] 48 [15.4%] 46 [16.9%] 62 [20.0%] 56 [16.6%]
$75,000 to less than$100,000 | 464 [15.4%] 294 [16.5%] 38 [12.2%] 36 [13.2%] 49 [15.8%] 47 [14.0%]
$100,000 or more | 803 [26.7%] 569 [32.0%] 78 [25.0%] 53 [19.4%] 38 [12.3%] 65 [19.3%]
Religion <0.001
Protestant | 650 [21.6%] 368 [20.8%] 45 [14.4%] 71 [26.0%] 75 [24.2%] 91 [27.1%]
Evangelical | 193 [6.4%] 91 [5.1%] 13 [4.2%] 28 [10.3%] 29 [9.4%] 321[9.5%]
Catholic, Roman Catholic | 633 [21.1%] 399 [22.5%] 74 [23.6%] 41 [15.0%] 64 [20.7%] 55 [16.4%]
Other | 635 [21.1%] 398 [22.5%] 52 [16.6%] 52 [19.1%] 59 [19.0%] 74 [22.0%]
Nothing in particular/Atheist/ | 894 [29.8%] 517 [29.2%] 129 [41.2%] 81 [29.7%] 83 [26.8%] 84 [25.0%]
Agnostic
Metro Status <0.001
Non-metro | 534 [17.9%] 304 [17.3%] 31 [10.0%] 41 [15.4%] 64 [20.9%] 94 [28.2%]
Metro 2444 1456 [82.7%] 280 [90.0%] 226 [84.6%] 243 [79.2%] 239 [71.8%]
[82.1%]
Census region <0.001
North East | 546 [18.3%] 335 [19.0%] 80 [25.7%] 45 [16.7%] 43 [14.0%] 43 [12.8%]
North Central | 625 [20.9%] 366 [20.7%] 62 [19.9%] 58 [21.6%] 60 [19.5%] 79 [23.6%]
(Continued)
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Table 1. (Continued)

All Fully/partially vaccinated Eager-to-take Wait-and-see Undecided Refuse [n = 337, | p-value
[n=3013] [n=1779, 59.0%] [n =313, 10.4%] [n =274, 9.1%] [n =310, 10.3%] 11.2%]
South| 1158 664 [37.6%) 96 [30.9%] 121 [45.0%] 132 [42.9%] 145 [43.3%)]
[38.7%]
West | 661 [22.1%] 402 [22.8%] 73 [23.5%] 45 [16.7%] 73 [23.7%] 68 [20.3%]
Health Insurance <0.001
Private| 1566 946 [53.2%] 173 [55.3%) 144 [52.6%] 159 [51.3%] 144 [42.7%)]
[43.8%]
Medicare | 666 [24.1%] 530 [29.8%] 24 [7.7%]) 28 [10.2%] 41 [13.2%] 43[12.8%]
Medicaid | 400 [17.8%] 156 [8.8%] 60 [19.2%] 56 [20.4%)] 53 [17.1%] 75 [22.3%)]
TRICARE/VA/Indian Health | 187 [6.2%)] 101 [5.7%] 20 [6.4%] 18 [6.6%] 21 [6.8%] 27 [8.0%]
Service/Other
Uninsured | 193 [6.4%] 45 [2.5%) 36 [11.5%] 28 [10.2%] 36 [11.6%] 48 [14.2%)
Parent <0.001
No 2109 1375 [77.6%] 205 [65.7%] 163 [60.4%] 189 [62.0%] 177 [52.7%]
[70.4%]
Yes | 886 [29.6%] 397 [22.4%] 107 [34.3%] 107 [39.6%] 116 [38.0%] 159 [47.3%]
Political Party <0.001
Republican | 713 [23.7%] 352 [19.8%] 41 [13.1%] 78 [28.5%] 106 [34.2%] 136 [40.4%]
Democrat 1162 832 [46.8%) 124 [39.6%] 75 [27.4%] 74 [23.9%] 57 [16.9%]
[38.6%]
Independent | 996 [33.1%] 528 [29.7%] 133 [42.5%] 106 [38.7%] 111 [35.8%] 118 [35.0%]
Other | 142 [4.7%] 67 [3.8%] 15 [4.8%] 15 [5.5%] 19 [6.1%] 26 [7.7%]
Have you had COVID-19 <0.001
No 2606 1580 [88.8%] 265 [84.7%] 232 4.7%) 259 [83.6%] 270 [80.1%)
[86.5%]
Yes | 407 [13.5%] 199 [11.2%] 48 [15.3%] 42 [15.3%] 51 [16.5%] 67 [19.9%]
Personally know anyone who <0.001
died of COVID-19
No 1785 981 [55.1%] 199 [63.6%] 178 [65.0%] 195 [62.9%] 232 [68.8%]
[59.2%]
Yes 1228 798 [44.9%) 114 [36.4%] 96 [35.0%] 115 [37.1%] 105 [31.2%]
[40.8%]
Financial severity” <0.001
0 1860 1230 [69.1%] 172 [55.0%] 139 [50.7%] 153 [49.5%] 166 [49.3%]
[61.7%]
1| 844 [28.0%] 422 [23.7%] 105 [33.6%] 85 [31.0%] 107 [34.5%] 125 [37.1%]
2| 186 [6.2%] 83 [4.7%] 27 [8.6%] 30 [11.0%] 22 [7.1%] 24 [7.1%]
3| 123 [4.1%] 44 [2.5%] 9 [2.9%] 20 [7.3%] 28 [9.0%] 22 [6.5%]

* Financial severity is an index score for losing job, losing income, and trouble paying rent or other necessities in a scale of 0 to 3. 0 indicates no financial difficulty and 3

indicates financial difficulties in all 3 areas.

https://doi.org/10.1371/journal.pone.0267734.t001

education were more likely than those with post-graduate or professional degrees to be in the
wait group [aRRR = 2.40, 95%CI: 1.49-3.88 for high school graduates or less, RRR = 1.75, 95%
CI: 1.20-2.55 for college graduates or less]. Compared to those in the highest income group,
those who belonged to the lowest income group had 1.81 times the risk of being in the wait
group [95%CI: 1.05-3.12] compared to the respondents in the highest income group. Respon-
dents who identified their political affiliation as Republican or Independent were more likely
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Table 2. Unadjusted multinomial regression of unvaccinated groups compared to fully/partially vaccinated group as a reference category.

Relative risk of each unvaccinated group compared to fully/partially vaccinated group [RRR, 95%CI]

Eager-to-take

Wait-and-see

Undecided

Refuse

Demographic characteristics

Age groups
18-29 | 12.75 [7.39, 22.00] * 11.08 [6.38, 19.24] * 6.02 [3.64,9.97] * 3.80 [2.44, 5.92] *
30-49 | 8.50 [5.07, 14.26] * 7.91[4.71,13.29] 6.11 [3.90, 9.56] * 4.25[2.93,6.18] *
50-64 | 4.04 [2.34,6.98] * 3.00[1.71,5.28] * 3.56 [2.22,5.70] * 2.22[1.48,3.33] *
65+ - - - -
Gender
Female - - - -
Male | 0.82 [0.64, 1.04] 1.18 [0.91, 1.52] 1.41 [1.10, 1.80] * 1.62 [1.28,2.07] *
Race/Ethnicity
White Non-Hispanic - - - -
Black Non-Hispanic | 0.90 [0.62, 1.29] 2.02[1.48,2.77] * 1.40 [1.03, 1.91] * 1.29 [0.95, 1.73]
Hispanic | 2.02 [1.49, 2.75) * 2.11[1.51,2.93] * 1.66 [1.21,2.28] * 1.34[0.97, 1.83]
Other | 1.93 [1.30, 2.86] * 0.68 [0.36, 1.30] 0.37 [0.18, 0.78] * 0.32[0.15, 0.66] *
Education

Less than/graduated high school

2.75[1.96,3.87]

3.29 [2.19,4.93] ¢

6.56 [3.49, 9.79] *

5.89 [4.06, 8.53] *

Some college or graduated college

1.41 [1.05,1.89] *

2.53 [1.80,3.55] *

3.24 [2.25,4.68] *

2.75[1.96, 3.85] *

Post-graduate/professional

Employment status

Unemployed

0.99 [0.77, 1.27]

0.76 [0.57, 0.99] *

0.72 [0.55, 0.94] *

0.86 [0.67, 1.10]

Employed [full or part time]

Annual Income

Less than $25,000 | 2.40 [1.67, 3.44] * 3.58 [2.42,5.29] 5.64 [3.71, 8.58] * 3.93[2.76,5.61] *
$25,000 to less than $50,000 | 1.68 [1.19, 2.35] 2.13[1.45,3.12] * 3.57 [2.38, 5.36] * 1.91[1.33,2.73] *
$50,000 to less than $75,000 | 0.97 [0.66, 1.42] 1.37 [0.90, 2.07] 2.57 [1.68, 3.93] * 1.36 [0.93, 1.99]
$75,000 to less than $100,000 | 0.94 [0.62, 1.42] 1.31 [0.84, 2.05] 2.50 [1.60, 3.90] * 1.40 [0.94, 2.09]
$100,000 or more - - - -
Religion
Protestant - - - -
Evangelical | 1.17 [0.60, 2.26] 1.59[0.97, 2.61] 1.56 [0.96, 2.54] 1.42 [0.89, 2.26]
Catholic, Roman Catholic | 1.52 [1.02, 2.26] * 0.53 [0.35, 0.80] * 0.79 [0.55, 1.13] 0.56 [0.39, 0.80] *
Other | 1.07 [0.70, 1.63] 0.68 [0.46, 1.00] 0.73 [0.50, 1.05] 0.75 [0.54, 1.05]
Nothing in particular/Atheist/Agnostic | 2.04 [1.42, 2.94] * 0.81 [0.57, 1.15] 0.79 [0.56, 1.11] 0.66 [0.47,0.91] *

Metro Status

Non-metro/rural

Metro | 1.89[1.28,2.79] * 1.15[0.81, 1.64] 0.79 [0.59, 1.07) 0.53 [0.41, 0.69] *
Census region
North East - - - -
North Central | 0.71 [0.49, 1.02] 1.18 [0.78, 1.79] 1.28 [0.84, 1.94] 1.68 [1.13,2.51] *
South | 0.61 [0.44, 0.83] * 1.36 [0.94, 1.96] 1.55[1.07,2.24] * 1.70 [1.18,2.45] *
West | 0.76 [0.54, 1.08] 0.83 [0.54, 1.29] 1.41 [0.94, 2.12] 1.32 [0.88, 1.98]
Health insurance type
Private - - - -
Medicare | 0.25 [0.16, 0.38] * 0.35[0.23, 0.53] * 0.46 [0.32, 0.66] * 0.53[0.37,0.76] *
Medicaid | 2.10 [1.50, 2.95] * 2.36 [1.66, 3.35] * 2.02[1.42,2.88] * 3.16 [2.28,4.38] *

TRICARE/ Veterans/Indian HS/ Other

1.08 [0.65, 1.80]

1.17 [0.69, 1.99]

1.24 [0.75, 2.04]

1.76 [1.11, 2.78]

(Continued)
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Table 2. (Continued)

Uninsured
Parent
No
Yes
Political party
Democrat
Republican

Independent
Other, don’t know, refused
COVID exposure/experience
Had COVID-19
No
Yes
Personally know anyone died of COVID-19
No
Yes

Financial severity [mean, SD] **

Relative risk of each unvaccinated group compared to fully/partially vaccinated group [RRR, 95%CI]

Eager-to-take

4.37 [2.74, 6.98] *

1.81[1.40, 2.34] *

0.78 [0.54, 1.14]
1.69 [1.29, 2.21] *
1.50 [0.83, 2.71]

1.44 [1.02, 2.02] *

0.70 [0.55, 0.90] *
1.40 [1.20, 1.63] *

Wait-and-see

4.09 [2.47, 6.76] *

2.27[1.74,2.97] *

2.46 [1.75,3.46] *
2.23 [1.62, 3.05] *
2.48 [1.35, 4.56] *

1.44 [1.00, 2.06]

0.66 [0.51, 0.86] *
1.72 [1.48,1.99]

Undecided

4.76 [2.98,7.61] *

2.13 [1.64, 2.75] *

3.39[2.45,4.67] *
2.36 [1.73,3.23] *
3.19[1.82,5.59] *

1.56 [1.12, 2.18] *

0.72[0.57,0.93] *
1.74 [1.51, 2.00] *

Refuse
7.01 [4.50,10.91] *

3.11 [2.44, 3.96] *

5.64 [4.04,7.87] *
3.26 [2.33,4.56] *
5.66 [3.34,9.59] *

1.97 [1.45, 2.67] *

0.56 [0.43,0.71] *
1.64 [1.42,1.88] *

* p-value <0.05
** Financial severity is an index score of financial hardships including losing a job, losing income, trouble paying for necessities. The minimum is 0, indicating no

financial hardship and maximum is 3 indicating hardships in all three areas.

https://doi.org/10.1371/journal.pone.0267734.t1002

than Democrats to be in the wait [aRRR = 5.53, 95% CI:3.59-8.53 for Republicans,
RRR = 3.04, 95% CI: 2.12-4.37 for Independent]. The higher the financial severity, the higher
the risk of being in the wait group [aRRR = 1.23, 95%CI: 1.06-1.48] group.

Undecided. Compared to 65 and older respondents, those who were younger were more
likely to be undecided. Compared to non-Hispanic whites, non-Hispanic black respondents
had 2.18 times the risk of being undecided [95% CI: 1.45-3.27]. Those who had less education
were more likely than those who had post-graduate or professional degrees to be undecided
[aRRR = 4.05, 95% CI: 2.54-6.44 for high school graduates or less, aRRR = 2.12, 95% CI: 1.42-
3.17]. Similarly, those in lower-income level groups had a higher risk than those with the high-
est income group of being in the undecided group [aRRRs 3.17-2.04]. The respondents with
no health insurance had 1.96 times the risk of being in the undecided group compared to
those with private health insurance [95% CI:1.13-3.40]. Compared to Democrats, all the other
groups of political affiliation i.e., Republican, Independent, and other/don’t know/refused
respondents were more likely to be in the undecided group and that risk was highest among
the Republicans [aRRR = 7.77, 95% CI:4.40-10.1]. In terms of COVID-19 exposure, if respon-
dents personally knew someone who died of COVID-19, they were less likely to be undecided
than those who did not know someone who died of COVID-1 [aRRR = 0.64, 95% CI: 0.49—
0.85]. In contrast, those with severe financial hardship had 1.25 times the risk of being unde-
cided compared to those without any financial hardship [aRRR = 1.25, 95% CI: 1.06-1.48].

Refuse. Compared to 65 and older, the respondents in the two youngest age groups had a
higher risk of being in the refuse group. Males had 1.46 times the risk of refusing the vaccine
compared to females [95%CI: 1.10-1.94]. Non-Hispanic blacks had 2.63 times the risk of
being in the refuse group compared to Non-Hispanic whites [95% CI:1.74-3.95]. Following
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Table 3. Adjusted multivariable multinomial regression of unvaccinated groups compared to fully/partially vaccinated group as a reference category [n = 2899].

Relative risk of each unvaccinated group compared to fully/partially vaccinated group [RRR, 95%CI]

Eager-to-take Wait-and-see Undecided Refuse
n =302 n =256 n =296 n =328
Demographic characteristics
Age groups
18-29 6.62 [3.05, 14.39] * 9.01 [4.04,20.1] * 5.63 [2.69, 11.80] * 2.26 [1.13,4.53]
30-49 5.79 [2.71,12.37] * 7.57 [3.47,16.5] * 6.90 [3.42,13.88] * 2.66 [1.39, 5.08] *
50-64 2.84[1.35,5.94] * 2.63[1.23,5.63] * 3.57 [1.84,6.94] * 1.61 [0.87, 2.96]
65+ - - - -
Gender
Female - - - -
Male 0.72 [0.55,0.94] * 1.01 [0.75, 1.36] 1.15[0.87, 1.52] * 1.46 [1.10, 1.94] *
Race/Ethnicity
White Non-Hispanic - - - -
Black Non-Hispanic 0.84 [0.54, 1.30] 2.45[1.61,3.74] * 2.18 [1.45,3.27] 2.63[1.74,3.95] *
Hispanic 1.07 [0.73, 1.57] 1.72 [1.14,2.60] * 1.14 [0.76, 1.72] 1.37 [0.91, 2.07]
Other 1.29 [0.82, 2.04] 0.58 [0.28, 1.23] 0.49 [0.18, 0.78] 0.48 [0.22, 1.05]
Education

Less than/graduated high school

2.20 [1.45,3.34] *

2.40 [1.49, 3.88] *

4.05 [2.54, 6.44] *

3.54[2.28,5.51]

Some college or graduated college

1.11 [0.80, 1.54]

1.75 [1.20, 2.55] *

2.12[1.42,3.17] *

1.74 [1.19, 2.53] *

Post-graduate/professional

Employment status

Unemployed

1.70 [1.23,2.35] *

1.12 [0.78, 1.61]

0.85 [0.61, 1.20]

0.89 [0.64, 1.24]

Employed [full or part time]

Annual Income

Less than $25,000 1.55 [0.93, 2.56] 1.81 [1.05,3.12] * 3.37[1.95, 5.84] * 1.58 [0.95, 2.62]

$25,000 to less than $50,000 1.50 [0.98, 2.30] 1.45 [091, 2.31] 2.71[1.68, 4.37] * 1.07 [0.68, 1.69]

$50,000 to less than $75,000 1.02 [0.67, 1.55] 1.10 [0.69, 1.74] 2.17 [1.36, 3.45] * 0.97 [0.63, 1.50]

$75,000 to less than $100,000 1.00 [0.64, 1.56] 1.11 [0.68, 1.82] 2.04 [1.25,3.32] * 1.08 [0.69, 1.70]
$100,000 or more - - - -

Religion

Protestant - - - -

Evangelical 0.83 [0.40, 1.69] 1.30 [0.74, 2.26] 1.29 [0.75, 2.24] 1.08 [0.64, 1.83]

Catholic, Roman Catholic 1.02 [0.64, 1.61] 0.57 [0.35,0.91] 0.91 [0.59, 1.41] 0.65 [0.42, 1.01]

Other 0.83 [0.52, 1.32] 0.77 [0.49, 1.19] 0.87[0.57, 1.31] 0.88 [0.59, 1.30]

Nothing in particular/Atheist/Agnostic 1.31 [0.87, 2.00] 0.93 [0.62, 1.40] 0.98 [0.66, 1.46] 0.91 [0.61, 1.34]

Metro Status

Non-metro/rural

Metro 2.06 [1.32,3.21] * 1.220.82, 1.83] 0.95 [0.67, 1.35] 0.71 [0.51,0.98] *
Census region
North East - - - -
North Central 0.68 [0.45, 1.01] 0.93 [0.60, 1.47] 0.95 [0.60, 1.50] 1.20 [0.77, 1.88]
South 0.55[0.38,0.79] * 0.86 [0.57, 1.29] 1.04 [0.69, 1.57] 1.02 [0.68, 1.55]
West 0.67 [0.45, 0.98] * 0.59 [0.36, 0.95] * 1.35[0.87, 2.12] 1.11 [0.70, 1.76]
Health insurance type
Private - - - -
Medicare 0.48 [0.24,0.93] * 0.93 [0.49, 1.79] 1.10 [0.61, 1.98] 1.03 [0.56, 1.87]
Medicaid 1.13 [0.73, 1.76] 1.18 [0.74, 1.88] 0.95 [0.60, 1.49] 1.84[1.19, 2.86]

TRICARE/ Veterans/Indian HS/ Other

0.97 [0.65, 1.66]

0.88 [0.49, 1.55]

0.84 [0.49, 1.46]

1.36 [0.81, 2.30]

(Continued)
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Table 3. (Continued)

Uninsured
Parent
No
Yes
Political party
Democrat
Republican
Independent
Other, don’t know, refused
COVID exposure/experience
Had COVID-19

Personally know anyone died of COVID-19

Financial severity [mean, SD] **

* p-value <0.05

Relative risk of each unvaccinated group compared to fully/partially vaccinated group [RRR, 95%CI]

Eager-to-take
n =302
243 [1.42,4.17]*

1.13 [0.82, 1.55]

1.20 [0.78, 1.85]
1.69 [1.25, 2.29] *
1.16 [0.61, 2.22]

1.47 [1.01, 2.14] *

0.75[0.57, 0.99] *
1.01 [0.84, 1.20]

Wait-and-see
n =256
1.35[0.73, 2.52]

1.22 [0.88, 1.70]

5.53 [3.59, 8.53] *
3.04 [2.12,4.37] *
2.02 [0.98, 4.15]

1.26 [0.84, 1.87]

0.65 [0.48, 0.87] *
1.23 [1.03, 1.46] *

Undecided
n =296
1.96 [1.13, 3.40] *

1.23 [0.89, 1.70]

6.66 [4.40, 10.07] *
3.02 [2.11,4.33]*
3.16 [1.71,5.82] *

1.29 [0.89, 1.88]

0.64 [0.49, 0.85] *
1.25[1.06, 1.48] *

Refuse
n =328
4.20 [2.46,7.18] *

1.92 [1.40, 2.64] *

11.06 [7.21, 16.96] *
4.30 [2.93, 6.30] *
5.48 [3.05, 9.85] *

1.59 [1.11, 2.26] *

0.49 [0.37, 0.66] *
1.21 [1.02, 1.44] *

** Financial severity is an index score of financial hardships including losing a job, losing income, trouble paying for necessities. The minimum is 0, indicating no

financial hardship and maximum is 3 indicating hardships in all three areas.

https://doi.org/10.1371/journal.pone.0267734.1003

the same trend, those with less education had a higher risk than those with post-graduate or
professional degrees to be in the refusal group [aRRR = 3.54, 95% CI:2.28-5.51 for high school
graduates or less, RRR = 1.74, 95% CI: 1.19-2.53]. Those who have Medicaid or were unin-
sured were more likely than those with private health insurance to be in the refuse group
[aRRR = 1.84, 95% CI: 1.19-2.86 for Medicaid, aRRR = 4.20, 95% CI: 2.46-7.18 for uninsured].
Compared to Democrats, all other political affiliations were more likely to refuse the vaccine,
Republicans showing the highest risk [aRRR = 11.06, 95% CI: 7.21-17.0]. All of the COVID-19
exposure variables were statistically significant factors in predicting the risk of being in the
refuse groups. Those who have had COVID-19 infection and those with a severe financial
hardship were more likely than those who did not have COVID-19 infection and financial
hardship to refuse the vaccine [aRRR = 1.59, 95% CI: 1.11-2.26 for having had COVID-19,
aRRR = 1.21, 95% CI: 1.02-1.44 for financial hardship] while those who personally knew
someone who died of COVID-19 were less likely than those who did not know someone who
died of COVID-19 to be refusers [aRRR = 0.49, 95% CI: 0.37-0.66].

The multivariable multinomial regression models with interactions terms between political
party and age, education and race, gender and age, gender and education, gender and race,
ethnicity and knowing someone who died of COVID-19, as well as education and severity in
financial hardship, were not statistically significant.

Discussion

In this study we explored three research questions. Below we discuss our results in the context
of these three questions.
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Fig 1.
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How did vaccination intentions vary on a continuum of vaccine hesitancy
in the period of time immediately after vaccines were available?

As vaccination opened to the adult public, approximately 40% of our sample was unvacci-
nated. Those who were unvaccinated fell across four categories- eager to take the vaccine, wait-
ing to see how it goes before deciding to take the vaccine, undecided, and refusing to take the
vaccine. The proportion of our sample that was vaccinated was similar to representative
national surveys conducted at similar points in time [19].

Which sociodemographic factors were associated with being undecided in
vaccine intentions?

Older adults and healthcare workers were among the first vaccine priority groups for vaccine
eligibility, meaning they are more likely to be overrepresented in the fully vaccinated part of
our sample. Therefore, it is unsurprising that younger ages predicted all categories along the
spectrum. As visualized in Fig 1, age had a large effect on being eager to take the vaccine or
waiting to see, possibly because for younger age groups eligibility was more recent, and there
were evolving social norms among peers. Similarly, lower educational attainment was associ-
ated with hesitancy, which in part may be due to the more highly educated healthcare workers
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being more likely to be vaccinated [20]. Educational attainment may also be inversely associ-
ated with hesitancy due to different levels of understanding of both the threat and vaccine [21,
22]. Lower educational attainment has been found to be an enduring social vulnerability for
vaccine hesitancy in the United States [23].

Comparing the demographic differences by hesitancy status, some of the results reported
here suggest that hesitancy about the COVID-19 vaccine may be different than vaccine hesi-
tancy for other adult vaccines. For instance, Okoli’s study of adult vaccine hesitancy for the flu
vaccine found that younger ages were more vaccine hesitant, but several other studies did not
[24-26]. Findings regarding gender are similarly mixed. However, numerous studies have
found that Blacks have higher odds of vaccine hesitancy than do Whites, as our study confirms
here [2, 12-15]. In our study, income was a monotonic and significant predictor for being
undecided about getting the vaccine.

Numerous reports in the media and select studies have highlighted the role of political
party membership in predicting vaccine hesitancy, and our results confirm these reports [16,
27]. According to the Kaiser Family Foundation [KFF] Vaccine Monitor from November
2021, individuals identifying as Republicans represent the large majority of those who are
unvaccinated, in which political affiliation is stronger predictor in comparison to demographic
factors. For the “wait and see” group, the undecided group, and those who would refuse the
vaccine, being anything other than a Democrat was predictive of higher odds of belonging to
those three groups. Only Independents had higher odds than Democrats of being eager to
receive the vaccine. The magnitude of the effect size of political party on outright refusal was
particularly large. The politicization of the COVID-19 vaccine reflects an emerging trend in
vaccination efforts, building on the pushback toward HPV vaccination, and more recently to
measles outbreaks [28, 29]. Politicization is associated with decreased support for vaccine
mandates, as well as decreased confidence in both doctors and government [30]. The conse-
quences of politicizing COVID-19 and the COVID-19 vaccine, may have longer term conse-
quences on trust in health and governmental workers that extend beyond vaccine uptake. Our
analyses shows that even in April 2021, there were effects of political affiliation on vaccine
uptake, and efforts, even early on in vaccine rollout [and future public health campaigns],
need to be made to identify the communication channels that resonate with different political
parties, both among traditional and social media, and key communicators who can act as vac-
cine ambassadors on these channels and to these groups.

Our analysis posited differences in the association between demographic characteristics
and COVID-19 exposures and impact and levels of vaccine hesitancy. We interpreted agree-
ment with the phrase “I will wait to see how it goes before taking the vaccine” [Wait-and-see]
as someone who was looking to “see” how something goes before taking the vaccine, with an
underlying implication of looking for some event or non-event related to the vaccine. For
those who indicated that they were “undecided” about taking the vaccine, we hypothesized
that their willingness to take the vaccine would be less than those who indicated they would
wait and see, given there was no such acknowledgement of seeking an event or non-event, and
expected their reluctance to be more diffuse. This distinction can only be confirmed in future
analyses that would explore which group was more likely to be refusers or vaccinators, which
are planned by the research team. However, our bivariate analyses reveal differences between
these two groups. However, although the results from the multinomial logit models show dif-
ferences in magnitude for the association between demographics and these outcomes, the only
demographic variable that distinguished these groups was Hispanic ethnicity, such that com-
pared to Whites, Hispanics were 73% more likely to indicate that they would “wait and see”
before getting the vaccine [RRR = 1.73, 95% CI: 1.14-2.60]. More research is needed to
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determine what differences in attitudes, beliefs, and experiences related to vaccines and
COVID-19 may distinguish this group.

What was the relationship between risk perception and experience with
COVID-19 and level of vaccine hesitancy?

Our findings depict the toll that the pandemic has taken: 41% of our sample knew someone
who died of COVID-19, and 38% had suffered some serious financial hardship they attributed
to the pandemic. Yet, while we had hypothesized that these experiences would increase the
odds of wanting to get the vaccine, we also found that these experiences increased the odds of
being in all other categories compared to the fully vaccinated, suggesting that this experience
did not necessarily heighten one’s willingness to get the vaccine, all else equal.

Similarly, having experienced severe financial hardships resulting from the vaccine was pre-
dictive of being in the wait-and-see, undecided, and refuse groups. One hypothesis is that peo-
ple experiencing these hardships blame government for the mitigation strategies employed for
the pandemic [mask-wearing, social distancing, closing bars and restaurants, etc.] and the eco-
nomic limitations associated with those policies and therefore are less keen on vaccination
advice promoted by government officials [31]. As the economic consequences of the pandemic
continue to be seen, this may help explain some vaccination holdout. Public health risk com-
municators therefore must balance the need to promote community mitigation with vaccine
promotion.

Our finding that having had COVID-19 increased the relative risk of being both eager to
get the vaccine or refusing the vaccine confirms the ways in which these experiences are not
uniform and can lead to different behavioral intentions. Perceived threat severity and familiar-
ity typically increase perceived risk and risk is associated with higher behavioral intentions
[32]. Compared to prior threats such as Zika and Ebola, vaccine intention and uptake is higher
for COVID-19, likely due to the realized threat of COVID-19 in the United States and the
severe impact of the virus. However, in both of those outbreaks, pandemic status was not
reached, meaning the severity of the threat was less, and vaccine intentions were hypothetical.
According to the CDC, flu vaccine uptake typically hovers around 40-50% annually, poten-
tially due to lack of perceived risk for the virus among a large subset of the population. There-
fore, more research is needed to understand the actual COVID-19 experience, and if having a
more mild case of the virus decreased the perception of the threat and increased apathy
towards a vaccine. It may also be that some individuals who had the virus may perceive their
natural immunity to be sufficient and that the vaccine is not necessary [33, 34].

This study has its limitations. Our sample differs from the adult population in several ways,
as do most online survey panels. We have described the data checks that were embedded by in
our survey. Our study is cross-sectional, and thus cannot make claims about causality. Finally,
our survey relies on self-report, and focuses on intentions, not behaviors, which may change.
At the same time, it offers a snapshot of the US public’s intentions just as all adults became eli-
gible for the vaccine, such that intentions could be quickly realized.

Conclusion

Prior research has found individuals’ relative position on the hesitancy spectrum is dynamic
rather than static [35]. One challenge of identifying the role of COVID-19 experience on vac-
cine hesitancy is the continuously evolving nature of the lived COVID-19 experience. As
research is being conducted, new events are happening in individual’s lives that shape percep-
tion of the vaccine. Research studies offer a snapshot in time of the relationship between a per-
son’s characteristic and experience and their vaccine intentions or behavior. The research
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presented here is intended to add perspective on the relationship between sociodemoraphics
and COVID-19 experience at the point in time in which vaccines became available to the
entire adult US population. This critical moment is the point in which adults were initially
faced with a vaccine choice and balanced their experience with the promotion of this interven-
tion. These results can help to inform which demographic groups and which experiences were
associated with intentions at that time, and how intentions then evolved since.
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