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Abstract: Many studies identified factors associated with vaccination intention and hesitancy, but
factors associated with vaccination promptness and the effect of vaccination intention on vaccina-
tion promptness are unknown. This study identified factors associated with COVID-19 vaccination
promptness and evaluated the role of vaccination intention on vaccination promptness in 1223 partic-
ipants in a community-based longitudinal cohort study (June 2020 to December 2021). Participants
answered questions regarding COVID-19 vaccination intention, vaccination status, and reasons for
not receiving a vaccine. The association of baseline vaccine hesitancy with vaccination was assessed
by the Kaplan–Meier survival analysis. Follow-up analyses tested the importance of other variables
predicting vaccination using the Cox proportional hazards model. Older age was associated with
shorter time to vaccination (HR = 1.76 [1.37–2.25] 85-year-old versus 65-year-old). Lower education
levels (HR = 0.80 [0.69–0.92]), household incomes (HR = 0.84 [0.72–0.98]), and baseline vaccination
intention of ‘No’ (HR = 0.16 [0.11–0.23]) were associated with longer times to vaccination. The most
common reasons for not being vaccinated (N = 58) were vaccine safety concerns (n = 33), side effects
(n = 28), and vaccine effectiveness (n = 25). Vaccination campaigns that target populations prone to
hesitancy and address vaccine safety and effectiveness could be helpful in future vaccination rollouts.

Keywords: COVID-19; vaccination; vaccination promptness; vaccination intention; vaccination
hesitancy; public health; North Carolina

1. Introduction

Since the first Coronavirus disease 2019 (COVID-19) case in December 2019, the
pandemic has had catastrophic effects on global health [1–3]. As of March 2023, over
100 million confirmed COVID-19 cases in the United States have resulted in over 1 million
deaths, with approximately 13.3% of COVID-19 patients experiencing a post-COVID-19
condition one month or longer after infection [4,5]. North Carolina has over 3.4 million
confirmed COVID-19 cases and nearly 29,000 confirmed deaths [6]. Due to these devastating
effects, solutions to stop the spread of COVID-19 were rapidly developed. Vaccination
is the most cost-efficient method of avoiding infectious diseases or preventing severe
consequences of infection and has been one of the most effective public health interventions
for COVID-19 [7–14].

COVID-19 vaccines were first distributed in the United States in December 2020, with
the first North Carolinians receiving a vaccine on 14 December 2020 [15,16]. Currently,
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three main types of COVID-19 vaccines have been approved or authorized for use in
the United States: mRNA vaccines (Pfizer-BioNTech and Moderna), protein subunit vac-
cines (Novavax), and viral vector vaccines (Johnson & Johnson’s Janssen) [17]. Despite
evidence of COVID-19 vaccine efficacy, vaccination hesitancy continues to impede the
goal of herd immunity and has been recognized as a threat to immunization programs
worldwide [18–20].

As of 11 October 2021, it was estimated that 11.4% of North Carolinians planned to
‘probably not or definitely not’ receive the COVID-19 vaccine, with an additional 3.4%
unsure if they would be willing to receive it [21]. As of May 2023, 69.5% of Americans
and 63.0% of North Carolinians had completed their primary vaccination series against
COVID-19 [22,23]. Current vaccination hesitancy and intention research highlights mul-
tiple influential factors in various populations [18,24,25]. These factors include the per-
ceived risks of adverse side effects that the vaccines pose; the speed with which the
COVID-19 vaccine was developed; medical mistrust and mistrust of the government,
public health figures/organizations, and corporations; and the beliefs that COVID-19 is
harmless, and vaccination is unnecessary [18,24–36]. Vaccination hesitancy has been asso-
ciated with sociodemographic characteristics, such as sex, age, ethnicity, race, education
level, income level, marital status, residence, political ideology, and previous vaccination
history [25,27,31,32,37–42]. In North Carolina specifically, vaccination hesitancy has been
found to be associated with being female or Black, government distrust, and safety con-
cerns [43]. While many studies report on the factors associated with vaccination inten-
tion and vaccination hesitancy, the factors associated with vaccination promptness—how
rapidly one receives vaccination after becoming eligible; the antithesis of vaccination
hesitancy—and the role of vaccination intention in vaccination promptness have not yet
been explored. This study aimed to (1) identify key factors associated with COVID-19
vaccination promptness and (2) evaluate the role of early (prior to vaccine availability)
vaccination intention in observed COVID-19 vaccination promptness.

2. Materials and Methods
2.1. Study Sample

Data for this study were drawn from the Cabarrus County COVID-19 Prevalence and
Immunity (C3PI) Study, a 1410-participant, community-based, longitudinal COVID-19
surveillance study. The complete design, methods, and baseline characteristics of the C3PI
Study were published previously [44]. In brief, the C3PI Study enrolled participants from
the Measurement to Understand the Reclassification of Disease of Cabarrus/Kannapolis
(MURDOCK) Study Community Registry and Biorepository longitudinal cohort between
June 2020 and August 2020 [45,46]. Once enrolled, participants were asked to complete a
baseline survey and biweekly surveys for up to a total follow-up of 74 weeks (48 weeks
in Phase 1 (June 2020 to April 2021) and 26 weeks in Phase 2 (May 2021 to December
2021)). Included in the surveys were questions regarding demographic, socioeconomic,
employment, and clinic data, as well as pandemic-specific data, including use of mitigation
behaviors, participant perceptions, intent to receive COVID-19 vaccination when a vaccine
became available, and vaccination data (date/s of initial vaccination/vaccination series
and any boosters and type of vaccine administered). During Phase 2, additional survey
questions were added, asking participants their reasoning for not receiving a COVID-19
vaccine if they had not been vaccinated before May 2021.

Figure 1 describes the study population. A total of 187 (13.3%) of 1410 potential
participants were excluded from this analysis because, prior to vaccine availability or
eligibility to receive a vaccine, they (i) died (n = 5, 2.7%), (ii) chose to withdraw from the
study (n = 41, 21.9%), or (iii) were administratively withdrawn from the study after failing
to complete ≥4 surveys (n = 138, 73.8%). The final analysis included 1223 participants. At
the end of Phase 1, 1088 participants (89.0%) were vaccinated, and 135 (11.0%) participants
were unvaccinated. Of the 135 unvaccinated participants, 15 (11.1%) participants were
unvaccinated at the time they withdrew from the study during Phase 1 and were censored,
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20 (14.8%) participants completed Phase 1 unvaccinated but declined to participate in
Phase 2, and 100 (74.1%) were followed into Phase 2. A total of 42 (42.0%) were ultimately
vaccinated and 58 (58.0%) remained unvaccinated when they left the study (censored).
Thus, of the 1223 total participants included in the analysis, 1130 (92.4%) were vaccinated
and 93 (7.6%) were censored and remained unvaccinated at last contact.
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2.2. Study Measures and Definitions
2.2.1. Vaccination Intention

For this study, vaccination intention was defined as a participant’s declared intention
to receive a vaccination. Participants self-reported their intention of ‘Yes’, ‘No’, or ‘Unsure’
by asking, “Do you plan to get a vaccine for COVID-19 when one becomes available?”. This
question was asked on the baseline and biweekly surveys until the participant received
their COVID-19 vaccination. For modeling purposes, only the baseline responses were
used.
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2.2.2. Vaccination Eligibility Date

Key sociodemographic and medical information obtained from the baseline and Phase
1 biweekly follow-up surveys were used to assign the North Carolina Department of Health
and Human Services (NCDHHS) vaccination priority grouping to participants, including
age, medical conditions, employment status, and occupation. After determining eligibility
for all NCDHHS vaccination priority groups, the earliest date of vaccination eligibility was
assigned to participants based on their highest priority grouping (Table 1). Priority groups
2 (43.4%) and 4a (23.6%) had the most participants, followed by priority groups 1 (11.9%)
and 3b (11.5%).

Table 1. NC vaccination priority groups, vaccination eligibility dates, and definitions, including
a fraction of the analysis sample whose earliest vaccination eligibility dates were determined by
qualification under each priority group criterion.

Vaccination Group Vaccination
Eligibility Date Definition Analysis Sample n (%)

Priority Group 1 12/14/2020 Healthcare workers, residents and staff of
long-term care facilities 145 (11.9%)

Priority Group 2 1/18/2021 Older adults (age 65+) 531 (43.4%)

Priority Group 3a 2/24/2021 Primary, secondary, and preschool
teachers and other school staff 68 (5.6%)

Priority Group 3b 3/3/2021 Other frontline essential workers 141 (11.5%)

Priority Group 4a 3/17/2021
People with high-risk medical conditions;
People living in close group settings like

homeless shelters, jails, or prisons
289 (23.6%)

Priority Group 4b 3/30/2021
Other essential workers; other people

living in group settings like dormitories
or fraternity houses

9 (0.7%)

All adults (Ages 16+) 4/7/2021 Everyone 16 years of age or older 40 (3.3%)

2.2.3. Vaccination Promptness

Vaccination promptness was defined as how rapidly participants received COVID-19
vaccinations after becoming eligible (in days) based on their earliest vaccination eligibility
date. Self-reported vaccination status and dates were obtained from Phase 1 and 2 follow-
up surveys. For 5 participants who had received a COVID-19 vaccine and were missing a
vaccination date, survey completion dates were used as approximations for vaccination
dates because survey dates generally differed from vaccination dates by no more than a
few weeks among individuals with both.

2.2.4. Vaccination Hesitancy

Vaccination hesitancy was measured by a set of questions about reasons for not
receiving a COVID-19 vaccine. This question was asked to all participants who had not
received a vaccine by the start of Phase 2 (May 2021, after all adults became eligible to
receive a vaccine) and was asked for each Phase 2 follow-up survey until participants
became vaccinated, withdrew from the study, or the study terminated. Participants could
choose multiple options from the following ten choices: (1) I have not been able to schedule
an appointment yet, (2) I am concerned about vaccine safety, (3) I am concerned about
vaccine effectiveness, (4) I am afraid of needles, (5) I am concerned about side effects from
the vaccination, (6) I am concerned based on the experience of a friend or family member,
(7) I feel it would be hard for me due to transportation, other costs or burden on me, (8) I
am not concerned about getting infected and becoming ill with COVID-19, (9) Religious or
other exemption, and (10) Other, please specify. If a participant chose the “Other, please
specify” option, they were asked to specify their reason in a free-text field.
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2.3. Statistical Analysis

Vaccination promptness was modeled using survival analyses, which not only mod-
eled time to vaccination but also accounted for participants who dropped out or were
removed from the study early (censoring). In survival analyses, vaccination promptness
was operationalized as the time to vaccination indexed by the difference between a partici-
pant’s earliest eligibility date and their vaccination date or censoring date +1 (to account for
participants vaccinated on their eligibility date). Individuals vaccinated before their earliest
eligibility dates were retained in survival analyses by assigning at-risk times of 0.5 days.

Initially, the bivariate association of potential predictors (such as sociodemographic
characteristics, vaccination intention, and presence of clinical conditions) with time to
vaccination was assessed using Kaplan–Meier survival analyses. Statistical significance
was determined by the log-rank test at a type-I error rate of 0.05. Kaplan–Meier results
were used to screen plausible predictors and evaluate whether multi-category categorical
or ordinal covariates could be collapsed into smaller sets of internally homogeneous scores.

The strongest set of predictors, as defined by p-values less than 0.05 from the bivariate
Kaplan–Meier analyses, were then incorporated into a multivariable Cox proportional
hazards model. Interactions between baseline vaccination intention and other covariates
were also considered. The proportional hazards assumption was examined for each pre-
dictor graphically and by testing for interactions between each covariate and log survival
time [47,48]. The adequacy of the functional form of age in the model was examined with
Martingale residuals [48]. All statistical tests were conducted at a 0.05 level of significance.
All analyses were performed using SAS software version 9.4 (SAS Institute Inc., Cary, NC,
USA).

Missing Data

In analyses, missing covariate values were imputed to modal values for categorical
covariates and median values for ordinal and continuous characteristics to retain as many
cases as possible. Values for missing baseline COVID-19 vaccination intention were taken
from the earliest available follow-up survey where vaccination intention was reported
(typically within a month of the baseline survey and always before the availability of
vaccines). The impact of the imputation on results was assessed in the primary analysis.

3. Results
3.1. Baseline Vaccination Intention

When asked on the baseline survey whether they planned to receive a COVID-19
vaccine when it became available, 761 (62.2%) participants said ‘Yes’, 372 (30.4%) were
‘Unsure’ and 90 (7.4%) said ‘No.’ Table 2 describes the characteristics of the analysis popu-
lation and characteristics by baseline vaccination intention groups. The overall population
mirrors the characteristics of the overall C3PI cohort, while characteristics by participant
baseline vaccination intention groups (No/Unsure/Yes) differed on all characteristics. [33]
Generally, participants in the ‘No’ and ‘Yes’ intention groups tended to be the most different.
Compared with participants who stated they intended to receive a COVID-19 vaccine, those
who stated they did not intend to receive a COVID-19 vaccine at baseline were younger
(58.0 vs. 62.8 years old, p ≤ 0.0001), more often female (80.0% vs. 63.5%, p ≤ 0.0001) or a
minority race (minority race: 24.5% vs. 7.2%, p ≤ 0.0001) or of Hispanic ethnicity (5.6%
vs. 3.0%, p ≤ 0.0027), had a lower education level (some college or less: 35.6% vs. 25.2%,
p ≤ 0.0001) and annual household income (<$50,000: 27.8% vs. 14.6%, p ≤ 0.0001), and
higher BMI (30.7 vs. 28.2, p = 0.0003).

A total of 1130 (92.4%) participants were vaccinated during the study. Of those
vaccinated, 745 (65.9%) were part of the ‘Yes’ baseline COVID-19 vaccination intention
group and 334 (29.6%) and 51 (4.5%) were part of the ‘Unsure’ and ‘No’ baseline vaccination
intention groups, respectively. Overall, 97.9% of those who stated they would receive a
COVID-19 vaccine at baseline received a COVID-19 vaccine during their participation
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in the study. In comparison, 89.9% and 56.7% of those who answered ‘Unsure’ and ‘No’
received a COVID-19 vaccine during the study (p < 0.0001).

Table 2. Baseline Characteristics of analysis population overall and by baseline vaccination intention
group (No/Unsure/Yes).

Variables
Analysis

Population
(n = 1223)

BL Vax
Intent = ‘NO’

(n = 90)

BL Vax
Intent = ‘UNSURE’

(n = 372)

BL Vax
Intent = ‘YES’

(n = 761)
p-Value +

Baseline Age in years 0.0001
Mean ± SD 61.2 ± 12.1 58.0 ± 11.3 58.7 ± 12.3 62.8 ± 11.8
Min–Max 26.0–90 26.0–81.0 26.0–87.0 27.0–98.0

Sex 0.0001
Female 848 (69.3%) 72 (80.0%) 293 (78.8%) 483 (63.5%)
Male 375 (30.7%) 18 (20.0%) 79 (21.2%) 278 (36.5%)

Race 0.0001
White 1069 (87.4%) 68 (75.6%) 295 (79.3%) 706 (92.8%)
Black 102 (8.3%) 15 (16.7%) 51 (13.7%) 36 (4.7%)
Other 52 (4.3%) 7 (7.8%) 26 (7.0%) 19 (2.5%)

Hispanic Ethnicity 0.0027
Non-Hispanic 1167 (95.4%) 85 (94.4%) 344 (92.5%) 738 (97.0%)
Hispanic 56 (4.6%) 5 (5.6%) 28 (7.5%) 23 (3.0%)

Education Level 0.0001
HS or less 85 (7.0%) 7 (7.8%) 43 (11.6%) 35 (4.6%)
Some College 278 (22.7%) 25 (27.8%) 96 (25.8%) 157 (20.6%)
College Grad 480 (39.2%) 40 (44.4%) 136 (36.6%) 304 (39.9%)
Graduate School 380 (31.1%) 18 (20.0%) 97 (26.1%) 265 (34.8%)

Household Income 0.0001
<30,000 96 (7.8%) 7 (7.8%) 44 (11.8%) 45 (5.9%)
30,000–49,999 144 (11.8%) 18 (20.0%) 60 (16.1%) 66 (8.7%)
50,000–74,999 195 (15.9%) 15 (16.7%) 52 (14.0%) 128 (16.8%)
75,000–89,999 213 (17.4%) 14 (15.6%) 69 (18.5%) 130 (17.1%)
90,000+ 575 (47.0%) 36 (40.0%) 147 (39.5%) 392 (51.5%)

BMI 0.0003
Mean ± SD 28.6 ± 6.1 30.7 ± 7.3 29.0 ± 5.9 28.2 ± 5.9
Min–Max 16.0–62.0 17.3–62.0 16.0–53.7 16.0–54.1

BMI Group 0.0273
Underweight (BMI < 18.5) 15 (1.2%) 1 (1.1%) 6 (1.6%) 8 (1.1%)
Healthy (18.5 ≤ BMI < 25) 327 (26.7%) 16 (17.8%) 86 (23.1%) 225 (29.6%)
Overweight (25 ≤ BMI < 30) 467 (38.2%) 30 (33.3%) 146 (39.2%) 291 (38.2%)
Obese (30 ≤ BMI < 40) 350 (28.6%) 34 (37.8%) 116 (31.2%) 200 (26.3%)
Severely Obese (BMI ≥ 40) 64 (5.2%) 9 (10.0%) 18 (4.8%) 37 (4.9%)

Current Smoker 0.0353
Yes 39 (3.2%) 3 (3.3%) 19 (5.1%) 17 (2.2%)
No 1184 (96.8%) 87 (96.7%) 353 (94.9%) 744 (97.8%)

Received a COVID-19 vaccine
during the study period <0.0001

Yes 1130 (92.4%) 51 (56.7%) 334 (89.8%) 745 (97.9%)
No 93 (7.6%) 39 (43.3%) 38 (10.2%) 16 (2.1%)

Note: SD = standard deviation; Min = minimum; Max = maximum; BMI = body mass index; + p-values are based
on ANOVAs (2 degrees of freedom tests for distributional differences between the BVI groups) for continuous
characteristics and likelihood ratio χ2 tests of general association for categorical characteristics.

3.2. Vaccination Promptness

A total of 314 (25.7%) participants received vaccines before their estimated earliest
eligibility date, while 816 (66.7%) were vaccinated after. Characteristics associated with
participants who were vaccinated before eligibility included participation in a COVID-19
vaccine clinical trial, older age, male sex, and an increased likelihood of stating ‘Yes’ on the
baseline vaccination intention survey (Table S1).

Initial Kaplan–Meier survival analyses showed strong relationships between time to
vaccination (i.e., vaccination promptness) and baseline vaccination intentions (Figure 2).
Among those who received their COVID-19 vaccine during their study participation
(1130 participants, 92.4%), the median time to vaccination following their eligibility date
was 9 days (IQR: 8–11). Those in the ‘Yes’ baseline vaccination intention group received
their COVID-19 vaccine faster (median 6 days (IQR: 5–8)) than those in the ‘Unsure’ (me-
dian 14 days (IQR: 11–16)) and ‘No’ (median 182 days (IQR: 74 –>343 days)) baseline
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vaccination intention groups. By pairwise log-rank tests, all vaccination intention groups
statistically differed in vaccination promptness (Yes vs. No: χ2(1) = 167.20; p ≤ 0.0001; Yes
vs. Unsure: χ2(1) = 68.62; p ≤ 0.0001; No vs. Unsure: χ2(1) = 5.13; p ≤ 0.02).
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3.3. Factors Affecting Vaccination Promptness

In bivariate analyses, the set of candidate predictors were reduced to age, dichotomized
race (white/minority), sex, Hispanic ethnicity, dichotomized education level (less than
college graduate/college graduate or higher), dichotomized household income (less than
$50 k/more than $50 k), dichotomized BMI (overweight or less/obese or greater), and
baseline vaccination intention (No/Unsure/Yes). No results were sensitive to the inclusion
of imputed values, nor did the ‘missing at random’ assumption appear to be violated.

Multivariable Cox proportional hazard models were used to identify the strongest
subset of predictors and interactions. Among the interactions, only the one between race
and vaccination intention was statistically significant. The proportional hazards assumption
failed to hold for baseline vaccination intention, which was addressed by including an
interaction between baseline vaccination intention and log time to vaccination. Martingale
residuals suggested a quadratic relationship between age and time to vaccination, so both
age and age2 terms were included in the model. The resulting full Cox proportional hazards
model is shown in Table S2. The final model, which drops the non-significant BMI and
interaction terms, is shown in Table 3. After controlling for covariates (sex, minority race,
and Hispanic ethnicity), a lower education level (some college or less) was associated with
a 20% lower (HR = 0.80 [0.69–0.92]) likelihood of vaccination relative to those with higher
education. Lower levels of household income (less than $50 k vs. >$50 k) were associated
with a 16% lower (HR = 0.84 [0.72–0.98]) vaccination likelihood over time.

Figure 3 shows the quadratic relationship between vaccination probability and baseline
age. For example, compared with a 65-year-old, a 45-year-old had a 17% lower vaccination
likelihood (HR = 0.83 [0.74–0.93]), while an 85-year-old had a 76% higher vaccination
likelihood (HR = 1.76 [1.37–2.25]).
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Table 3. Final reduced Cox proportional hazards model for vaccination promptness following
eligibility. Reference categories (not shown) included female, non-minority, non-Hispanic, education
≥ college graduate, income ≥ $50,000, and baseline vaccination intention = ’Yes.’

Characteristic Param Est. (SE) Hazard Ratio (95% CI) Joint Test
p-Value

Pairwise Comparison
p-Value

Age at baseline (in decades,
centered at 65) 0.19 (0.03) 1.21 (1.13–1.29) 0.0001

Age2 at baseline (in
decades, centered at 65)

0.05 (0.02) 1.05 (1.01–1.06) 0.0066

Male −0.06 (0.07) 0.95 (0.83–1.08) 0.3947

Minority Race −0.06 (0.11) 0.95 (0.77–1.16) 0.5900

Hispanic 0.18 (0.15) 1.20 (0.88–1.62) 0.2466

Some College or less −0.23 (0.07) 0.80 (0.69–0.92) 0.0014

Income < $50,000 −0.17 (0.08) 0.84 (0.72–0.98) 0.0312
BL Vaccination Intention
(‘Yes’ = ref) 0.0001

No −1.84 (0.19) 0.16 (0.11–0.23) 0.0001

Unsure −0.26 (0.10) 0.77 (0.63–0.94) 0.0088
Minority Race XBL
Vaccination Intention (BVI)

Minority: Yes X
BVI = ‘Unsure’ 0.98 (0.31) 2.67 (1.46–4.88) 0.0014

BL Vaccination Intention X
Time to Vaccination 0.0535

BVI = ’Unsure’ X
Time to Vaccination −0.09 (0.04) 0.92 (0.85–0.99) 0.0203

Note: SE = standard error; CI = confidence interval; BL = baseline; BVI = baseline vaccination intention.
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Figure 3. Quadratic age effect on vaccination hazard ratios calculated relative to a 65-year-old.

Relative to those who, at baseline, stated they intended to receive the COVID-19
vaccine, participants who expressed their intention not to be vaccinated had a consistent
84% lower (HR = 0.16 [0.11–0.23]) probability of becoming vaccinated over time since
eligibility. Additionally, on average, those who were ‘Unsure’ had a 23% lower probability
of vaccination (HR = 0.77 [0.63–0.94]); however, their vaccination likelihoods varied over
time since eligibility. Figure 4 depicts the interaction between vaccination probability and
time since eligibility for participants who were ‘Unsure’ of their vaccination intention at
baseline. In the figure, the flat line at a hazard ratio of 0.16 (0.11–0.23) represents the constant
vaccination likelihood over time for participants with a ‘No’ intention of vaccination at
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baseline. The monotonically decreasing curve describes vaccination likelihoods over
time since eligibility for participants who were ‘Unsure’ of their vaccination intentions at
baseline, showing that the longer (from eligibility) participants remained unsure about
getting vaccinated, the less likely they were to get vaccinated.
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Figure 4. Changing probability of vaccination over time by baseline COVID-19 vaccination intention.
Vaccination = ’Yes’ is the reference group.

Figure 5 shows the patterns of changing vaccination intention among the 372 partic-
ipants who expressed ‘Unsure’ vaccination intentions at baseline. The proportion of the
unvaccinated members of this group expressing uncertainty about vaccination declined
over time, eventually stabilizing around 25% of the unvaccinated population by about
28 weeks post-eligibility. Early, this decline was driven by an increase in the proportion
of ‘Yes’ intentions and later by increases in ‘No’ intentions. The fraction of ‘Yes’ intentions
started at 0%, increased until eligibility, then declined again to 0% as participants who
shifted to ‘Yes’ received their vaccinations. The fraction of ‘No’ intentions started at 0% and
stayed low until eligibility. They then increased during the post-eligibility period, reflecting
a small but proportionally increasing group who hardened from ‘Unsure’ to ‘No’ after they
became eligible for vaccination.

Minority participants who expressed baseline vaccination intentions of ‘Yes’ or ‘Unsure’
had approximately the same likelihood of vaccination as white participants who expressed
a baseline vaccination intention of ‘Yes’ or ‘Unsure’ (6% lower likelihood, HR = 0.94 [0.77,
1.16]). However, minority participants who expressed a baseline vaccination intention of
‘No’ (HR = 0.40 [0.25, 0.64]) had about 2.5 times higher likelihood of vaccination than white
participants who expressed a baseline vaccination intention of ‘No’ (HR = 0.16 [0.11, 0.23]).
Thus, although both white and minority participants who expressed ‘No’ intention to be
vaccinated at baseline had substantially lower likelihoods of vaccination than those who
voiced baseline vaccination intentions of ‘Yes’ or ‘Unsure’, minority participants who said
‘No’ were more likely to get vaccinated than their white counterparts. Figure 6 depicts
predicted cumulative probabilities of vaccination (based on adjusted survival curves)
broken down by minority and baseline vaccination intention groups.
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Figure 5. Trends in vaccination intention over time for study participants who expressed ‘Unsure’
COVID-19 vaccination intention at baseline (N = 372). The y-axis is the percentage of all cases with
data in a week who expressed each vaccination intention. The area of the dots is proportional to the
count of participants in a week who expressed each intention, with the smallest dots representing
counts of 0-3 and the largest representing up to 225. The numbers at the top of the graph are total
participants with data at selected weeks.
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Figure 6. Predicted cumulative probabilities of vaccination based on Cox model survival curves for
time to vaccination after eligibility. Separate curves are shown by baseline COVID-19 vaccination
intention and race. All other variables from Table 3 are adjusted to reference levels.

3.4. Reasons for Vaccination Hesitancy

An amount of 57 (98.3%) of the 58 participants who remained unvaccinated during
Phase 2 of the study provided reasons for their vaccination hesitancy on surveys sent to
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participants on 24 May 2021. Participants selected a mean of 2.07 (SD = 1.24) reasons for
their COVID-19 vaccination hesitancy for cycle 1. Selected reasons included concerns with
vaccine safety (n = 26, 45.6%), concerns with vaccine side effects (n = 26, 45.6%), concerns
with vaccine effectiveness (n = 17, 29.8%), not concerned about becoming infected and
becoming ill with COVID-19 (n = 15, 26.3%), concerns based on the experience of a friend
or family member (n = 10, 17.5%), religious or other exemption (n = 8, 14.0%), and fear of
needles (n = 1, 1.8%). Fifteen participants (26.3%) also selected “Other” for vaccination
hesitancy. When asked to specify their other reason, most participants’ answers revolved
around previously having COVID-19 (n = 8, 53.3%), medical advice/medical reasons (n = 3,
20.0%), or misinformation/government concerns (n = 2, 13.3%). No participant selected “it
would be hard for me due to transportation, other costs or burden on me” or “I have not
been able to schedule an appointment yet”.

Fifty-three (91.4%) of the 58 participants who remained unvaccinated at the end of
Phase 2 of the study continued their involvement until the end of the study (week of
22 November 2021). The remaining five participants ended their participation in May, June,
July, September, and October of 2021. At the time of their last survey, participants selected
a mean of 2.38 (SD = 1.54) reasons why they had not received the COVID-19 vaccine. The
most common reasons were concerns about vaccine safety (n = 33, 56.9%), side effects of
vaccination (n = 28, 43.3%), and vaccine effectiveness (n = 25, 43.1%). Eleven participants
(19.0%) also selected other reasons for their vaccination hesitancy; these answers revolved
around previously having COVID-19 (n = 6, 54.5%), medical advice/medical reasons (n = 3,
27.3%), or misinformation/government concerns (n = 2, 18.2%). No participant selected
the “I have not been able to schedule an appointment yet,” “I am afraid of needles,” or “I
feel it would be hard for me due to transportation, other costs or burden on me” options.

4. Discussion

Since the start of the COVID-19 pandemic, COVID-19 has caused a widespread global
impact on all aspects of life, including global health. Due to these devastating effects,
solutions to stop the spread of COVID-19 were rapidly developed, including vaccines.
After vaccines were approved, the next obstacle became getting people vaccinated to reach
herd immunity. Vaccination hesitancy continues to impede herd immunity and has been
recognized as a threat to immunization programs worldwide [18–20]. In addition, prompt
vaccination after eligibility reduces unprotected exposure time to COVID-19. We evaluated
vaccination promptness and found key factors associated with COVID-19 vaccination
promptness, including early vaccination intention (before availability of COVID-19 vac-
cines). We further identified participant-reported reasons for vaccination hesitancy among
those who remained unvaccinated after vaccines were made widely available to adults in
the United States.

In our study, most participants (92.4%) received a COVID-19 vaccine. Participants
with a baseline vaccination intention of ‘Yes’ and older participants more rapidly received
a COVID-19 after becoming eligible. Those with lower education levels, lower household
incomes, and who expressed a baseline vaccination intention of ‘No’ took longer to receive
a COVID-19 vaccine after eligibility. While minority populations in North Carolina are
more hesitant than white populations in North Carolina [43], our study found minority
participants who expressed a baseline vaccination intention of ‘No’ were more likely
over time to get a COVID-19 vaccine than white participants with a baseline vaccination
intention of ‘No.’

To our knowledge, no other study has looked at characteristics associated with the
rapidity of becoming vaccinated after becoming eligible; however, other studies have
investigated vaccine uptake and intention related to COVID-19. In the United States,
vaccine uptake has been found to be associated with a person’s intention to be vaccinated
in various populations [49,50]. Additionally, one study found that the COVID-19 vaccine
intentions of Black individuals from the United States were initially comparable to White
individuals from the United States; however, the Black individuals experienced a more
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rapid increase in belief that the vaccines were necessary for protection and vaccine intention
over time [51]. One study from North Carolina found higher rates of vaccine uptake among
older individuals (97.2% in those 70+), those with no previous COVID-19 diagnosis (92.7%
vs. 81.9%), and those who lived in urban settings (urban: 94.3%; rural: 90.2%; suburban:
88.4%) [52]. Additionally, Enwezor et al. found an 88.9% COVID-19 vaccine uptake
among Black participants who had previously expressed negative pre-vaccination attitudes.
However, none of these studies examined the promptness of vaccination.

We also examined vaccination hesitancy among the small cohort of study participants
who remained unvaccinated after vaccines were widely indicated. Reasons for vaccination
hesitancy are very nuanced and are typically driven by many interconnecting social and
political factors [18,53]. Our sample size (N = 58) was too small to quantitatively examine
sociodemographic and political influences on vaccination hesitancy. However, we did
summarize reasons participants selected for not being vaccinated. The most common
reasons for not receiving a vaccine included concerns with vaccine safety, side effects of
vaccination, and vaccine effectiveness. Less frequently, participants cited previously having
COVID-19, medical advice/medical reasons, or misinformation/government concerns
as their reasons for remaining unvaccinated. Notably absent were religious objections to
vaccination. The findings of our study are similar to those of other studies. According to the
2021 United States Household Pulse Survey, the most common reasons North Carolinians
did not want to receive the COVID-19 vaccine were not trusting the vaccine, not trusting
the government, and not believing they needed it [21]. Other studies in North Carolina
and the United States have also found the lack of trust in COVID-19 vaccines’ safety,
effectiveness, and necessity among the top reasons reported for not wanting to receive the
vaccine or not vaccinating their child [53–58].COVID–19 vaccines were created at a record-
breaking time, with large pharmaceutical companies racing to be the first to have a vaccine.
This may have led to skepticism about the vaccine and the priorities of pharmaceutical
companies [18,54,58]. There is also a staggering amount of information and misinformation
about COVID-19 and COVID-19 vaccines on the internet and in the media, which could
lead individuals to struggle with determining which piece/s of information to believe and
act upon [18,53].

4.1. Strengths and Limitations

The study’s strengths include (1) the use of a large community-based population
within North Carolina and (2) the use of data from repeated survey waves that enabled the
examination of COVID-19 vaccination over time. Vaccination promptness was a function of
key characteristics, such as baseline vaccination intention, race, and age, and was controlled
for other participant factors to reduce confounding. This study is one of the first to examine
time to vaccination relative to eligibility rather than vaccine availability. The present
study also has limitations. The cohort was regionally based, had limited diversity (69.3%
women and 87.4% white race), and was highly educated (70.3% college graduate or higher),
which may limit generalizability to other populations. Additionally, determining the
earliest vaccine eligibility dates was imprecise for a small but non-negligible fraction of
the sample. Age and medical condition-based eligibility groups were well-determined and
unambiguous. However, classifying individuals into employment-based vaccine priority
groups other than healthcare workers was more difficult as our survey questions were
designed before the NCDHHS employment-based vaccine eligibility group criteria were
available.

4.2. Implications for the Future

These study results could help policymakers and healthcare professionals address
populations at risk for delaying vaccination or not being vaccinated. Our research showed
that targeting those expressing ‘No’ or ‘Uncertain’ vaccination intention may be particu-
larly fruitful and highlighted characteristics that, in general, may help to identify these
groups. In particular, individuals who are uncertain seem to become more definite in their
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attitudes over time, and the longer they remain unvaccinated, the less likely they will be
vaccinated. Thus, a crucial intervention for individuals with vaccination ambivalence may
lie in early persuasion to vaccination. People who express hesitation about the COVID-19
vaccines are more likely to be reluctant towards other vaccines, like influenza or childhood
vaccines [25,59–64], so these results may also apply to other vaccines. More detailed exam-
inations of patterns of vaccination attitudes may reveal additional avenues or potential
intervention targets for encouraging early or eventual vaccination—especially among those
initially ‘Unsure’ of their intentions.

5. Conclusions

Failure to vaccinate is recognized as a threat to infectious disease control programs
worldwide. Further, with a highly transmissible illness like COVID-19, the promptness of
vaccination may play a major role in limiting illness and death. Several sociodemographic
factors and vaccination intention appear important to vaccination promptness. Additionally,
concerns about vaccine side effects, safety and effectiveness, trust in vaccination, and need
for vaccination are addressable factors in vaccination hesitancy. These findings could
inform targeted vaccination campaigns in future vaccination rollouts that prioritize groups
most likely to delay and that address vaccine concerns to improve vaccination promptness
and reduce hesitancy.
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Author Contributions: Conceptualization, C.E.N., R.A.F. and L.K.N.; methodology, R.A.F. and C.F.P.;
formal analysis, R.A.F.; writing—original draft preparation, C.E.N., J.T. and M.G.; writing—review
and editing, R.A.F., C.F.P., R.S., D.W., C.W.W. and L.K.N.; supervision, L.K.N. and C.W.W.; project
administration, D.W. All authors have read and agreed to the published version of the manuscript.

Funding: The C3PI Study was funded by research grants to Duke University from the NCDHHS
and the Centers for Disease Control and Prevention (CDC), 00042568/NU50CK000530-01-04, and
the Duke Claude D. Pepper Older Americans Independence Center Grant, 5P30AG028716-15. The
MURDOCK Study was funded by a gift from the David H. Murdock Institute for Business and
Culture and is supported by Duke’s NIH National Center for Advancing Translational Sciences
(NCATS) Clinical and Translational Science Award (CTSA) UL1TR002553.

Institutional Review Board Statement: Both the parent MURDOCK Study (Approval Number:
Pro00011196) and Phase 1 and 2 of the C3PI Study (Approval Number: Pro00105703) were approved
by the Duke Health Institutional Review Board (IRB).

Informed Consent Statement: Informed consent was obtained from all participants in the C3PI
Study through electronic informed consent within REDCap.

Data Availability Statement: The data presented in this study are available on request from L Kristin
Newby at kristin.newby@duke.edu.

Acknowledgments: The authors thank all participants in the C3PI Study for their involvement in
and enthusiasm for the study. We also thank Aaron Fleischauer, Career Epidemiology Field Officer,
CDC; Jie Liu, Senior Analyst Programmer, Duke Clinical and Translational Science Institute; and
Angie Wu, Senior Biostatistician, Department of Clinical Research, Cytel Inc., for their engagement
and support throughout the C3PI Study.

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design
of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript; or
in the decision to publish the results.

https://www.mdpi.com/article/10.3390/vaccines11111639/s1
https://www.mdpi.com/article/10.3390/vaccines11111639/s1


Vaccines 2023, 11, 1639 14 of 16

References
1. Liu, Y.C.; Kuo, R.L.; Shih, S.R. COVID-19: The first documented coronavirus pandemic in history. Biomed. J. 2020, 43, 328–333.

[CrossRef] [PubMed]
2. World Health Organization. The Impact of COVID-19 on Global Health Goals. Available online: https://www.who.int/news-

room/spotlight/the-impact-of-covid-19-on-global-health-goals (accessed on 30 March 2023).
3. The Original Fund. Results Report 2021; p. 98. Available online: https://www.theglobalfund.org/en/news/2021/2021-09-08-

global-fund-results-report-reveals-covid-19-devastating-impact-on-hiv-tb-and-malaria-programs/ (accessed on 30 March 2023).
4. Dong, E.; Du, H.; Gardner, L. An interactive web-based dashboard to track COVID-19 in real time. Lancet Infect. Dis. 2020, 20,

533–534. [CrossRef] [PubMed]
5. Centers for Disease Control and Prevention. Long COVID or Post-COVID Conditions. Available online: https://www.cdc.gov/

coronavirus/2019-ncov/long-term-effects/index.html (accessed on 30 March 2023).
6. Health and Human Services. Cases and Deaths Dashboard. Available online: https://covid19.ncdhhs.gov/dashboard/cases-

and-deaths (accessed on 30 March 2023).
7. Abbas, K.; Procter, S.R.; Van Zandvoort, K.; Clark, A.; Funk, S.; Mengistu, T.; Hogan, D.; Dansereau, E.; Jit, M.; Flasche, S.; et al.

Routine childhood immunisation during the COVID-19 pandemic in Africa: A benefit-risk analysis of health benefits versus
excess risk of SARS-CoV-2 infection. Lancet Glob. Health 2020, 8, e1264–e1272. [CrossRef]

8. Debellut, F.; Clark, A.; Pecenka, C.; Tate, J.; Baral, R.; Sanderson, C.; Parashar, U.; Atherly, D. Evaluating the potential economic
and health impact of rotavirus vaccination in 63 middle-income countries not eligible for Gavi funding: A modelling study. Lancet
Glob. Health 2021, 9, e942–e956. [CrossRef]

9. Jentsch, P.C.; Anand, M.; Bauch, C.T. Prioritising COVID-19 vaccination in changing social and epidemiological landscapes: A
mathematical modelling study. Lancet Infect. Dis. 2021, 21, 1097–1106. [CrossRef]

10. Sandmann, F.G.; Davies, N.G.; Vassall, A.; Edmunds, W.J.; Jit, M. Centre for the Mathematical Modelling of Infectious Diseases, C.-
w.g. The potential health and economic value of SARS-CoV-2 vaccination alongside physical distancing in the UK: A transmission
model-based future scenario analysis and economic evaluation. Lancet Infect. Dis. 2021, 21, 962–974. [CrossRef] [PubMed]

11. Kohli, M.; Maschio, M.; Becker, D.; Weinstein, M.C. The potential public health and economic value of a hypothetical COVID-19
vaccine in the United States: Use of cost-effectiveness modeling to inform vaccination prioritization. Vaccine 2021, 39, 1157–1164.
[CrossRef]

12. Padula, W.V.; Malaviya, S.; Reid, N.M.; Cohen, B.G.; Chingcuanco, F.; Ballreich, J.; Tierce, J.; Alexander, G.C. Economic value
of vaccines to address the COVID-19 pandemic: A U.S. cost-effectiveness and budget impact analysis. J. Med. Econ. 2021, 24,
1060–1069. [CrossRef]

13. Leidner, A.J.; Murthy, N.; Chesson, H.W.; Biggerstaff, M.; Stoecker, C.; Harris, A.M.; Acosta, A.; Dooling, K.; Bridges, C.B.
Cost-effectiveness of adult vaccinations: A systematic review. Vaccine 2019, 37, 226–234. [CrossRef]

14. Thompson, J.; Wattam, S. Estimating the impact of interventions against COVID-19: From lockdown to vaccination. PLoS ONE
2021, 16, e0261330. [CrossRef]

15. BBC News. COVID-19: First Vaccine Given in US as Roll-Out Begins. Available online: https://www.bbc.com/news/world-us-
canada-55305720 (accessed on 30 March 2023).

16. Atrium Health. First to Administer COVID-19 Vaccine in North Carolina. Available online: https://atriumhealth.org/about-us/
newsroom/news/2020/12/atrium-health-first-to-administer-covid-19-vaccine-in-north-carolina (accessed on 30 March 2023).

17. Centers for Disease Control and Prevention. Understanding How COVID-19 Vaccines Work. Available online: https:
//www.cdc.gov/coronavirus/2019-ncov/vaccines/different-vaccines/how-they-work.html?s_cid=11700:covid%20vaccine%
20fda%20approval:sem.ga:p:RG:GM:gen:PTN:FY22 (accessed on 30 March 2023).

18. Chaney, D.; Lee, M.S. COVID-19 vaccines and anti-consumption: Understanding anti-vaxxers hesitancy. Psychol. Mark. 2022, 39,
741–754. [CrossRef] [PubMed]

19. World Health Organization. Vaccine Hesitancy: A Growing Challenge for Immunization Programmes. Available online: https:
//www.who.int/news/item/18-08-2015-vaccine-hesitancy-a-growing-challenge-for-immunization-programmes (accessed on
30 March 2023).

20. Centers for Disease Control and Prevention. COVID-19 Vaccine Effectiveness Monthly Update. Available online: https:
//covid.cdc.gov/covid-data-tracker/#vaccine-effectiveness (accessed on 30 March 2023).

21. Anderson, L.T.F.; Marshall, J.; McElrath, K.; Scherer, Z. New Tool Tracks Vaccination and Vaccine Hesitancy Rates Across
Geographies, Population Groups. Available online: https://www.census.gov/library/stories/2021/04/how-do-covid-19
-vaccination-and-vaccine-hesitancy-rates-vary-over-time.html (accessed on 30 March 2023).

22. Centers for Disease Control and Prevention. COVID-19 Vaccinations in the United States. Available online: https://covid.cdc.
gov/covid-data-tracker/#vaccinations_vacc-people-booster-percent-pop5 (accessed on 1 August 2023).

23. Health and Human Services. Cases and Deaths Dashboard. Vaccinations Dashboard. Available online: https://covid19.ncdhhs.
gov/dashboard/vaccinations (accessed on 1 August 2023).

24. Lucia, V.C.; Kelekar, A.; Afonso, N.M. COVID-19 vaccine hesitancy among medical students. J. Public Health 2021, 43, 445–449.
[CrossRef] [PubMed]

25. Joshi, A.; Kaur, M.; Kaur, R.; Grover, A.; Nash, D.; El-Mohandes, A. Predictors of COVID-19 Vaccine Acceptance, Intention, and
Hesitancy: A Scoping Review. Front. Public Health 2021, 9, 698111. [CrossRef] [PubMed]

https://doi.org/10.1016/j.bj.2020.04.007
https://www.ncbi.nlm.nih.gov/pubmed/32387617
https://www.who.int/news-room/spotlight/the-impact-of-covid-19-on-global-health-goals
https://www.who.int/news-room/spotlight/the-impact-of-covid-19-on-global-health-goals
https://www.theglobalfund.org/en/news/2021/2021-09-08-global-fund-results-report-reveals-covid-19-devastating-impact-on-hiv-tb-and-malaria-programs/
https://www.theglobalfund.org/en/news/2021/2021-09-08-global-fund-results-report-reveals-covid-19-devastating-impact-on-hiv-tb-and-malaria-programs/
https://doi.org/10.1016/S1473-3099(20)30120-1
https://www.ncbi.nlm.nih.gov/pubmed/32087114
https://www.cdc.gov/coronavirus/2019-ncov/long-term-effects/index.html
https://www.cdc.gov/coronavirus/2019-ncov/long-term-effects/index.html
https://covid19.ncdhhs.gov/dashboard/cases-and-deaths
https://covid19.ncdhhs.gov/dashboard/cases-and-deaths
https://doi.org/10.1016/S2214-109X(20)30308-9
https://doi.org/10.1016/S2214-109X(21)00167-4
https://doi.org/10.1016/S1473-3099(21)00057-8
https://doi.org/10.1016/S1473-3099(21)00079-7
https://www.ncbi.nlm.nih.gov/pubmed/33743846
https://doi.org/10.1016/j.vaccine.2020.12.078
https://doi.org/10.1080/13696998.2021.1965732
https://doi.org/10.1016/j.vaccine.2018.11.056
https://doi.org/10.1371/journal.pone.0261330
https://www.bbc.com/news/world-us-canada-55305720
https://www.bbc.com/news/world-us-canada-55305720
https://atriumhealth.org/about-us/newsroom/news/2020/12/atrium-health-first-to-administer-covid-19-vaccine-in-north-carolina
https://atriumhealth.org/about-us/newsroom/news/2020/12/atrium-health-first-to-administer-covid-19-vaccine-in-north-carolina
https://www.cdc.gov/coronavirus/2019-ncov/vaccines/different-vaccines/how-they-work.html?s_cid=11700:covid%20vaccine%20fda%20approval:sem.ga:p:RG:GM:gen:PTN:FY22
https://www.cdc.gov/coronavirus/2019-ncov/vaccines/different-vaccines/how-they-work.html?s_cid=11700:covid%20vaccine%20fda%20approval:sem.ga:p:RG:GM:gen:PTN:FY22
https://www.cdc.gov/coronavirus/2019-ncov/vaccines/different-vaccines/how-they-work.html?s_cid=11700:covid%20vaccine%20fda%20approval:sem.ga:p:RG:GM:gen:PTN:FY22
https://doi.org/10.1002/mar.21617
https://www.ncbi.nlm.nih.gov/pubmed/35465079
https://www.who.int/news/item/18-08-2015-vaccine-hesitancy-a-growing-challenge-for-immunization-programmes
https://www.who.int/news/item/18-08-2015-vaccine-hesitancy-a-growing-challenge-for-immunization-programmes
https://covid.cdc.gov/covid-data-tracker/#vaccine-effectiveness
https://covid.cdc.gov/covid-data-tracker/#vaccine-effectiveness
https://www.census.gov/library/stories/2021/04/how-do-covid-19-vaccination-and-vaccine-hesitancy-rates-vary-over-time.html
https://www.census.gov/library/stories/2021/04/how-do-covid-19-vaccination-and-vaccine-hesitancy-rates-vary-over-time.html
https://covid.cdc.gov/covid-data-tracker/#vaccinations_vacc-people-booster-percent-pop5
https://covid.cdc.gov/covid-data-tracker/#vaccinations_vacc-people-booster-percent-pop5
https://covid19.ncdhhs.gov/dashboard/vaccinations
https://covid19.ncdhhs.gov/dashboard/vaccinations
https://doi.org/10.1093/pubmed/fdaa230
https://www.ncbi.nlm.nih.gov/pubmed/33367857
https://doi.org/10.3389/fpubh.2021.698111
https://www.ncbi.nlm.nih.gov/pubmed/34485229


Vaccines 2023, 11, 1639 15 of 16

26. Hubach, R.D.; Shannon, B.; Morgan, K.D.; Alexander, C.; O’Neil, A.M.; Ernst, C.; Giano, Z. COVID-19 vaccine hesitancy among
rural Oklahomans. Rural. Remote Health 2022, 22, 7128. [CrossRef] [PubMed]

27. Myers, A.; Ipsen, C.; Lissau, A. COVID-19 vaccination hesitancy among Americans with disabilities aged 18-65: An exploratory
analysis. Disabil. Health J. 2022, 15, 101223. [CrossRef]

28. Gin, J.L.; Balut, M.D.; Dobalian, A. COVID-19 Vaccine Hesitancy among U.S. Veterans Experiencing Homelessness in Transitional
Housing. Int. J. Environ. Res. Public Health 2022, 19, 15863. [CrossRef]

29. Purnell, M.; Maxwell, T.; Hill, S.; Patel, R.; Trower, J.; Wangui, L.; Truong, H.A. Exploring COVID-19 vaccine hesitancy at a rural
historically black college and university. J. Am. Pharm. Assoc. 2022, 62, 340–344. [CrossRef]

30. McFadden, S.M.; Demeke, J.; Dada, D.; Wilton, L.; Wang, M.; Vlahov, D.; Nelson, L.E. Confidence and Hesitancy During the Early
Roll-out of COVID-19 Vaccines Among Black, Hispanic, and Undocumented Immigrant Communities: A Review. J. Urban Health
2022, 99, 3–14. [CrossRef]

31. Ruiz, J.B.; Bell, R.A. Parental COVID-19 Vaccine Hesitancy in the United States. Public Health Rep. 2022, 137, 1162–1169. [CrossRef]
32. Fisher, C.; Bragard, E.; Madhivanan, P. COVID-19 Vaccine Hesitancy among Economically Marginalized Hispanic Parents of

Children under Five Years in the United States. Vaccines 2023, 11, 599. [CrossRef]
33. Warren, A.M.; Bennett, M.M.; Da Graca, B.; Waddimba, A.C.; Gottlieb, R.L.; Douglas, M.E.; Powers, M.B. Intentions to receive

COVID-19 vaccines in the united states: Sociodemographic factors and personal experiences with COVID-19. Health Psychol.
2023, 42, 531–540. [CrossRef] [PubMed]

34. Minaya, C.; McKay, D.; Benton, H.; Blanc, J.; Seixas, A.A. Medical Mistrust, COVID-19 Stress, and Intent to Vaccinate in
Racial-Ethnic Minorities. Behav. Sci. 2022, 12, 186. [CrossRef] [PubMed]

35. Nah, S.; Williamson, L.D.; Kahlor, L.A.; Atkinson, L.; Upshaw, S.J.; Ntang-Beb, J.L. The Roles of Social Media Use and Medical
Mistrust in Black Americans’ COVID-19 Vaccine Hesitancy: The RISP Model Perspective. Health Commun. 2023, 1–14. [CrossRef]
[PubMed]

36. Morgan, K.M.; Maglalang, D.D.; Monnig, M.A.; Ahluwalia, J.S.; Avila, J.C.; Sokolovsky, A.W. Medical Mistrust, Perceived
Discrimination, and Race: A Longitudinal Analysis of Predictors of COVID-19 Vaccine Hesitancy in US Adults. J. Racial Ethn.
Health Disparities 2023, 10, 1846–1855. [CrossRef] [PubMed]

37. Kricorian, K.; Civen, R.; Equils, O. COVID-19 vaccine hesitancy: Misinformation and perceptions of vaccine safety. Hum. Vaccines
Immunother. 2022, 18, 1950504. [CrossRef]

38. Kricorian, K.; Turner, K. COVID-19 Vaccine Acceptance and Beliefs among Black and Hispanic Americans. PLoS ONE 2021,
16, e0256122. [CrossRef]

39. Tsai, R.; Hervey, J.; Hoffman, K.; Wood, J.; Johnson, J.; Deighton, D.; Clermont, D.; Loew, B.; Goldberg, S.L. COVID-19 Vaccine
Hesitancy and Acceptance Among Individuals With Cancer, Autoimmune Diseases, or Other Serious Comorbid Conditions:
Cross-sectional, Internet-Based Survey. JMIR Public Health Surveill. 2022, 8, e29872. [CrossRef]

40. Dhanani, L.Y.; Franz, B. A meta-analysis of COVID-19 vaccine attitudes and demographic characteristics in the United States.
Public Health 2022, 207, 31–38. [CrossRef]

41. Salmon, D.A.; Dudley, M.Z.; Brewer, J.; Kan, L.; Gerber, J.E.; Budigan, H.; Proveaux, T.M.; Bernier, R.; Rimal, R.; Schwartz, B.
COVID-19 vaccination attitudes, values and intentions among United States adults prior to emergency use authorization. Vaccine
2021, 39, 2698–2711. [CrossRef]

42. Willis, D.E.; Schootman, M.; Shah, S.K.; Reece, S.; Selig, J.P.; Andersen, J.A.; McElfish, P.A. Parent/guardian intentions to vaccinate
children against COVID-19 in the United States. Hum. Vaccines Immunother. 2022, 18, 2071078. [CrossRef]

43. Doherty, I.A.; Pilkington, W.; Brown, L.; Billings, V.; Hoffler, U.; Paulin, L.; Kimbro, K.S.; Baker, B.; Zhang, T.; Locklear, T.; et al.
COVID-19 vaccine hesitancy in underserved communities of North Carolina. PLoS ONE 2021, 16, e0248542. [CrossRef] [PubMed]

44. Neighbors, C.E.; Wu, A.E.; Wixted, D.G.; Heidenfelder, B.L.; Kingsbury, C.A.; Register, H.M.; Louzao, R.; Sloane, R.; Eckstrand,
J.; Pieper, C.C.; et al. The Cabarrus County COVID-19 Prevalence and Immunity (C3PI) Study: Design, methods, and baseline
characteristics. Am. J. Transl. Res. 2022, 14, 5693–5711. [PubMed]

45. Bhattacharya, S.; Dunham, A.A.; Cornish, M.A.; Christian, V.A.; Ginsburg, G.S.; Tenenbaum, J.D.; Nahm, M.L.; Miranda, M.L.;
Califf, R.M.; Dolor, R.J.; et al. The Measurement to Understand Reclassification of Disease of Cabarrus/Kannapolis (MURDOCK)
Study Community Registry and Biorepository. Am. J. Transl. Res. 2012, 4, 458–470. [PubMed]

46. Tenenbaum, J.D.; Christian, V.; Cornish, M.A.; Dolor, R.J.; Dunham, A.A.; Ginsburg, G.S.; Kraus, V.B.; McHutchison, J.G.; Nahm,
M.L.; Newby, L.K.; et al. The MURDOCK Study: A long-term initiative for disease reclassification through advanced biomarker
discovery and integration with electronic health records. Am. J. Transl. Res. 2012, 4, 291–301. [PubMed]

47. David, W.; Hosmer, S.L.; May, S. Applied Survival Analysis: Regression Modeling of Time-to-Event Data, 2nd ed.; John Wiley & Sons,
Inc.: Hoboken, NJ, USA, 2008; p. 401.

48. Terry, M.; Therneau, P.M.G. Modeling Survival Data: Extending the Cox Model; Springer Science + Business Media, LLC: New York,
NY, USA, 2000; p. 350.

49. Vuong, L.; Bidwell, J.T.; Apesoa-Varano, E.C.; Cothran, F.A.; Catz, S.L. COVID-19 vaccine hesitancy and intent in California
registered nurses. Vaccine X 2022, 11, 100162. [CrossRef]

50. Servidio, R.; Malvaso, A.; Vizza, D.; Valente, M.; Campagna, M.R.; Iacono, M.L.; Martin, L.R.; Bruno, F. The intention to get
COVID-19 vaccine and vaccine uptake among cancer patients: An extension of the theory of planned behaviour (TPB). Support.
Care Cancer 2022, 30, 7973–7982. [CrossRef]

https://doi.org/10.22605/RRH7128
https://www.ncbi.nlm.nih.gov/pubmed/35658522
https://doi.org/10.1016/j.dhjo.2021.101223
https://doi.org/10.3390/ijerph192315863
https://doi.org/10.1016/j.japh.2021.09.008
https://doi.org/10.1007/s11524-021-00588-1
https://doi.org/10.1177/00333549221114346
https://doi.org/10.3390/vaccines11030599
https://doi.org/10.1037/hea0001225
https://www.ncbi.nlm.nih.gov/pubmed/36066860
https://doi.org/10.3390/bs12060186
https://www.ncbi.nlm.nih.gov/pubmed/35735396
https://doi.org/10.1080/10410236.2023.2244169
https://www.ncbi.nlm.nih.gov/pubmed/37551159
https://doi.org/10.1007/s40615-022-01368-6
https://www.ncbi.nlm.nih.gov/pubmed/35913543
https://doi.org/10.1080/21645515.2021.1950504
https://doi.org/10.1371/journal.pone.0256122
https://doi.org/10.2196/29872
https://doi.org/10.1016/j.puhe.2022.03.012
https://doi.org/10.1016/j.vaccine.2021.03.034
https://doi.org/10.1080/21645515.2022.2071078
https://doi.org/10.1371/journal.pone.0248542
https://www.ncbi.nlm.nih.gov/pubmed/34723973
https://www.ncbi.nlm.nih.gov/pubmed/36105067
https://www.ncbi.nlm.nih.gov/pubmed/23145214
https://www.ncbi.nlm.nih.gov/pubmed/22937207
https://doi.org/10.1016/j.jvacx.2022.100162
https://doi.org/10.1007/s00520-022-07238-5


Vaccines 2023, 11, 1639 16 of 16

51. Padamsee, T.J.; Bond, R.M.; Dixon, G.N.; Hovick, S.R.; Na, K.; Nisbet, E.C.; Wegener, D.T.; Garrett, R.K. Changes in COVID-19
Vaccine Hesitancy Among Black and White Individuals in the US. JAMA Netw. Open 2022, 5, e2144470. [CrossRef]

52. Enwezor, C.H.; Peacock, J.E., Jr.; Seals, A.L.; Edelstein, S.L.; Hinkelman, A.N.; Wierzba, T.F.; Munawar, I.; Maguire, P.D.; Lagarde,
W.H.; Runyon, M.S.; et al. Changing Attitudes toward the COVID-19 Vaccine among North Carolina Participants in the COVID-19
Community Research Partnership. Vaccines 2021, 9, 916. [CrossRef]

53. Zimmerman, T.; Shiroma, K.; Fleischmann, K.R.; Xie, B.; Jia, C.; Verma, N.; Lee, M.K. Misinformation and COVID-19 vaccine
hesitancy. Vaccine 2023, 41, 136–144. [CrossRef]

54. Moye, R.; Skipper, A.; Towns, T.; Rose, D. Attitudes toward vaccines during the COVID-19 pandemic: Results from HBCU
students. AIMS Public Health 2022, 9, 155–172. [CrossRef]

55. Khairat, S.; Zou, B.; Adler-Milstein, J. Factors and reasons associated with low COVID-19 vaccine uptake among highly hesitant
communities in the US. Am. J. Infect. Control. 2022, 50, 262–267. [CrossRef] [PubMed]

56. Adu, P.; Poopola, T.; Medvedev, O.N.; Collings, S.; Mbinta, J.; Aspin, C.; Simpson, C.R. Implications for COVID-19 vaccine uptake:
A systematic review. J. Infect. Public Health 2023, 16, 441–466. [CrossRef] [PubMed]

57. Schilling, S.; Orr, C.J.; Delamater, A.M.; Flower, K.B.; Heerman, W.J.; Perrin, E.M.; Rothman, R.L.; Yin, H.S.; Sanders, L. COVID-19
vaccine hesitancy among low-income, racially and ethnically diverse US parents. Patient Educ. Couns. 2022, 105, 2771–2777.
[CrossRef] [PubMed]

58. Gurley, S.; Bennett, B.; Sullivan, P.S.; Kiley, M.; Linde, J.; Szczerbacki, D.; Guest, J. COVID-19 Vaccine Perceptions, Intentions, and
Uptake Among Young Adults in the United States: Prospective College-Based Cohort Study. JMIR Public Health Surveill. 2021,
7, e33739. [CrossRef]

59. Shamshirsaz, A.A.; Hessami, K.; Morain, S.; Afshar, Y.; Nassr, A.A.; Arian, S.E.; Asl, N.M.; Aagaard, K. Intention to Receive
COVID-19 Vaccine during Pregnancy: A Systematic Review and Meta-analysis. Am. J. Perinatol. 2022, 39, 492–500. [CrossRef]
[PubMed]

60. Shmueli, L. Predicting intention to receive COVID-19 vaccine among the general population using the health belief model and
the theory of planned behavior model. BMC Public Health 2021, 21, 804. [CrossRef]

61. Luo, C.; Yang, Y.; Liu, Y.; Zheng, D.; Shao, L.; Jin, J.; He, Q. Intention to COVID-19 vaccination and associated factors among
health care workers: A systematic review and meta-analysis of cross-sectional studies. Am. J. Infect. Control. 2021, 49, 1295–1304.
[CrossRef]

62. Wang, Q.; Yang, L.; Jin, H.; Lin, L. Vaccination against COVID-19: A systematic review and meta-analysis of acceptability and its
predictors. Prev. Med. 2021, 150, 106694. [CrossRef]

63. AlShurman, B.A.; Khan, A.F.; Mac, C.; Majeed, M.; Butt, Z.A. What Demographic, Social, and Contextual Factors Influence the
Intention to Use COVID-19 Vaccines: A Scoping Review. Int. J. Environ. Res. Public Health 2021, 18, 9342. [CrossRef]

64. Duran, S.; Duran, R.; Acunas, B.; Sahin, E.M. Changes in parents’ attitudes towards childhood vaccines during the course of
COVID-19 pandemic. Pediatr. Int. 2023, 65, e15520. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1001/jamanetworkopen.2021.44470
https://doi.org/10.3390/vaccines9080916
https://doi.org/10.1016/j.vaccine.2022.11.014
https://doi.org/10.3934/publichealth.2022012
https://doi.org/10.1016/j.ajic.2021.12.013
https://www.ncbi.nlm.nih.gov/pubmed/34995722
https://doi.org/10.1016/j.jiph.2023.01.020
https://www.ncbi.nlm.nih.gov/pubmed/36738689
https://doi.org/10.1016/j.pec.2022.03.023
https://www.ncbi.nlm.nih.gov/pubmed/35393230
https://doi.org/10.2196/33739
https://doi.org/10.1055/a-1674-6120
https://www.ncbi.nlm.nih.gov/pubmed/34670322
https://doi.org/10.1186/s12889-021-10816-7
https://doi.org/10.1016/j.ajic.2021.06.020
https://doi.org/10.1016/j.ypmed.2021.106694
https://doi.org/10.3390/ijerph18179342
https://doi.org/10.1111/ped.15520

	Introduction 
	Materials and Methods 
	Study Sample 
	Study Measures and Definitions 
	Vaccination Intention 
	Vaccination Eligibility Date 
	Vaccination Promptness 
	Vaccination Hesitancy 

	Statistical Analysis 

	Results 
	Baseline Vaccination Intention 
	Vaccination Promptness 
	Factors Affecting Vaccination Promptness 
	Reasons for Vaccination Hesitancy 

	Discussion 
	Strengths and Limitations 
	Implications for the Future 

	Conclusions 
	References

