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Abstract

We estimated the trends and correlates of vaccine hesitancy, and its association with
subsequent vaccine uptake among 5,458 adults in the United States. Participants belonged.to
the CHASING COVID Cohort, a national longitudinal study. Trends and correlates of
vaccine hesitancy were examined longitudinally in eight interview roundsfrom October 2020
to July 2021. We also estimated the association between willingness to vaccinate and
subsequent vaccine uptake through July 2021. Vaccine delay and, refusal decreased from 51%
and 8% in October 2020 to 8% and 6% in July 2021, respectively. Compared to Non-
Hispanic (NH) White participants, NH Black and Hispanic participants had higher adjusted
odds ratios (aOR) for both vaccine delay (a@R%2.0 {95% CI: 1.5, 2.7] for NH Black and 1.3
[95% CI: 1.0, 1.7] for Hispanic) and vaccinerefusal (aOR: 2.5 [95% CI: 1.8, 3.6] for NH
Black and 1.4 [95% CI: 1.0, 2.0}or Hispanic) in June 2021. COVID-19 vaccine hesitancy
was associated with lower odds of subsequent vaccine uptake (aOR: 0.15, 95% CI: 0.13, 0.18
for vaccine-delayers and aOR: 0.02; 95% CI: 0.01, 0.03 for vaccine-refusers compared to
vaccine-willing participants), adjusted for sociodemographic factors and COVID-19 history.

Vaccination.awareness and distribution efforts should focus on vaccine delayers.

Asithe coronavirus disease-19 (COVID-19) pandemic continues to be a health crisis globally,
widespread vaccination is the most effective and sustainable long-term mitigation strategy.
Thirteen safe and efficacious vaccines were developed and authorized worldwide within a
span of a year since the World Health Organization (WHO) declared the COVID-19 outbreak

a pandemic (1). In the United States (U.S.), as of September 2021, the Pfizer-BioNTech


https://paperpile.com/c/T5ygSK/eXgK

BNT162b2 vaccine (Pfizer, Inc., New York, NY, USA and BioNTech, Mainz, Germany) (2)
is fully approved for adults, while the Moderna mRNA-1273 (ModernaTX, Inc., Cambridge,
MA, USA) (3) and the Janssen Ad26.COV2.S vaccines (Janssen Pharmaceuticals Companies
of Johnson & Johnson, Beerse, Belgium) (4) are currently authorized for emergency use. The
BNT162b2 and the mRNA-1273 vaccines are both 2-dose mRNA vaccines, while the
Ad26.COV2.S vaccine is a single dose, non-replicating viral vector vaccine. Among/ d.S.
residents 12 years and older, 62% have received at least one dose and 52.7% have‘been fully
vaccinated as of September 2, 2021; however vaccination rates vary by state and county and
demand for coronavirus vaccines has decreased in recent months (5,6).. As vaccine eligibility
criteria expands, we would expect dramatic reductionsy, iny COVID-19 incidence,

hospitalizations, and mortality in all age groups as vaccine uptake increases (7).

For the COVID-19 vaccination program tocbe,as impactful as possible, large numbers of
people must be vaccinated quickly while “also” ensuring equity in access and uptake. Low
vaccine acceptance and lack of easy access to vaccinations can be barriers to achieving both
high and equitable vaccination coverage (8). This could create vaccination cold-spots where
periodic disease outbreaks‘ean still occur (9) and vaccine-resistant strains might evolve (10).
While anti-vaccing sentiment remains a threat to COVID-19 vaccine uptake in the U.S., other
factors, such.as political mistrust, lack of assurance about safety and efficacy, and a lack of
clear” publie health messaging may have influenced vaccine hesitancy specifically for
corgnavirus vaccines (11). The rapid production of COVID-19 vaccines in less than a year
may have engendered concerns among the public, considering the average vaccine
development timeline spans around ten years (12). According to a Kaiser Family Foundation
poll from August 2020, a majority (62%) of respondents believed that socio-political factors

and pressures could lead to a rushed approval for the COVID-19 vaccine without assurances
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of safety and efficacy, and only 42% of the participants were willing to get the COVID-19
vaccine if approved before the U.S presidential elections in November 2020 (13). Based on a
systematic review of surveys conducted between April and October 2020, the U.S. recorded
lower intention to vaccinate against COVID-19 (ranging from 38- 49% across regions)
compared to other high-income countries such as Denmark (80%) and the United Kingdom

(79%) (14).

Understanding COVID-19 vaccine hesitancy and addressing it promptlyais essential for a
successful and equitable vaccine roll-out. In this study, we aimed to. 1) measure trends in
vaccine hesitancy in the U.S. for adults; 2) identify subpopulattens that might be less willing
to be vaccinated; 3) examine sociodemographic and behavioral factors as well as COVID-
related risk perceptions that correlate with vaceine hesitancy; and finally, 4) assess the

association between vaccine hesitancy and subseguent vaccine uptake.

METHODS

Study design and, participants

This study.used.data from the Communities, Households, and SARS-CoV-2 Epidemiology
(CHASING) COVID Cohort study. CHASING COVID is a national prospective cohort study
in‘the U.S. launched on March 28, 2020, to understand the spread and impact of the SARS-
€oV-2 pandemic within households and communities. Details of survey methodology are
described elsewhere (15). Briefly, study participants were recruited through social media
platforms or through referrals using advertisements that were in both English and Spanish.

Eligible participants were >18 years old U.S. residents with a valid ZIP code and email
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address. Patient consent for survey participation and serological testing was obtained. As of
September 7, 2021, eight full interview rounds (March 2020 [VO0], April 2020 [V1], July
2020 [V2], October 2020 [V3], November 2020 [V4], December 2020 [V5], February
2021[V6], June 2021 [V7]) were completed which captured longitudinal information on
participant demographics, COVID-related exposures, outcomes, detailed symptoms, non=
pharmaceutical intervention (NPI) use, vaccine uptake, and other behavioral “facters.
Additionally, 3 shorter interviews (April 2021[V6.1], May 2021 [V6.2], July™2021 [V7.1])
were administered to capture COVID-19 outcomes and vaccine uptake:“kor this study, we
included participants who responded to at least one interview round-starting October 2020

[v3].

The study was approved by the Institutional Review Board at the City University of New

York (CUNY).

Outcome definitions and ascertainment of vaccine hesitancy from October 2020-June
2021 and vaccine uptake as of July 2021

Vaccine hesitancy between\October 2020 and June 2021

Using seven rounds of visits from October 2020 - June 2021, we assessed participants’
willingness.to.vaccCinate with the question “If a coronavirus vaccine became available would
you; a) Immediately get the vaccine; b) Delay getting the vaccine; ¢) Never get the vaccine.”
These who responded that they would “Delay getting vaccine” were categorized as vaccine
delayers and those who responded that they would “Never get the vaccine” as vaccine
refusers. COVID-19 vaccine delayers and refusers are together termed as COVID-19 vaccine
hesitant, based on the WHO Strategic Advisory Group of Experts on Immunization (SAGE)

definition of the term “vaccine hesitancy” (16). The outcome, “COVID-19 vaccine
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hesitancy,” was defined with three levels: vaccinate immediately, delay vaccine, and refuse
vaccine. “Vaccinate immediately” was the reference category in statistical models.
Participants who reported receiving the vaccine in a given interview were not asked about
willingness to vaccinate again in subsequent interviews. We imputed their vaccine
willingness status as “vaccinate immediately” for subsequent interviews assuming that if they

received the vaccine, they were willing to get it immediately.

Vaccine uptake through July 2021

Since the vaccine became available to healthcare workers and high-risk individuals, in
December 2020, we queried vaccination uptake (“Have you been vaccinated against COVID-
19 with a Food and Drug Administration (FDA) approved vaecine/not in a vaccine trial: a)
Yes; b) No; ¢) Don’t know/Not sure”) in all interviewntounds starting December 2020. We
also asked about vaccine-related side effects;” motivation for getting vaccinated, and reasons

for delay. Vaccine uptake through July202% was coded dichotomously (yes/no).

Demographic characteristics

Participants’ age, race/ethmieity, income, education, and essential worker and healthcare
worker status were determined at enrollment (VO, V1). Essential worker and healthcare
worker status.was’asked again in October 2020 and the most recent reported status was used
in the models. Self-reported race/ethnicity was coded based on standardized Office of

Management and Budget categories (17).

Ascertainment of COVID-19 related exposures and behavioral factors
To assess the association between prior exposure to COVID-19 and vaccine hesitancy, we

defined COVID-19 history as a dichotomous variable using three inputs: self-reported
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COVID-19 PCR diagnosis or seropositivity (visits V0-V7), self-identifying as a COVID-19
long-hauler (visits V4-V7) or being seropositive for COVID-19 antibodies in two rounds of
testing performed as part of our study from May-September 2020 and from November 2020-
January 2021. To measure COVID-19 risk perception, we asked participants if they were
worried that they would get sick from coronavirus, that their loved ones would get sick from
coronavirus, and that coronavirus will overwhelm hospitals (not at all worried/ not=too
worried/ somewhat worried /very worried). COVID-19 related anxiety was measured using
the Generalized Anxiety Disorder-7 (GAD-7) scale, and participants were categorized as
having “no/low anxiety” or “moderate/high anxiety” based on their median scores (Vvisits VO-
V7). We also asked if they felt that the federal government ‘was‘prioritizing the safety of

citizens during the pandemic (agree/disagree/neutral) (\V6).

To understand if vaccine hesitancy was eorrelated with the use of NPIs, we drew on
participants’ responses to questions aboutfyth€ir mask use and social distancing in public
places in the June 2021 interview(V7))(Specific questions in Table 1). We assigned a score
of 1 for responses that indicated lack of participant engagement with individual NPIs and 0O
otherwise. We summed the.caded behaviors to create a risk score. Participants engaging in 5
or more risk-taking activities (median risk score=5) were defined as engaged in higher risk
behavior. \e.separately assessed whether most recent masking behavior and air travel were

associated with vaccine hesitancy in June 2021.

Statistical analysis
Chi-squared tests and corresponding P values were used to describe the distribution of patient
characteristics across vaccine hesitancy levels in June 2021. Mean change in willingness to

vaccinate over time was assessed using the McNemar-Bowker test. No imputation was



performed for missing data and interview non-response was not associated with vaccination
status. Multinomial models were implemented within ‘nnet’ packages in R version 4.0.1 (R

Foundation for Statistical Computing, Vienna, Austria) (https://www.R-project.org/) (18) .

Changes in willingness to vaccinate between October 2020 and July 2021

Multinomial generalized estimating equation (GEE) models were used to measure changes.in
vaccine hesitancy over time between October 2020 and July 2021 by estimating odds’ ratios
(aORs) and 95% confidence intervals (Cls), adjusted for age, gender, race/gethnicity, and
comorbidities. We included an interaction term between race/ethnicity and calendar time of
interview in the model to test the hypothesis that the rate ofichange of vaccine hesitancy
differed by race/ethnicity as found in some studies (19). Longitudinal correlation between
participants was specified using an independenCe cerrelation matrix and variance was

estimated using robust variance estimators.

Correlates of vaccine hesitancy inJune 2021

Factors associated with vaccCine hesitancy were assessed from the June 2021 interview (V7)
using multinomial logisticsregression to estimate ORs and 95% Cls. Separate models were
built to assesswthe ‘association between sociodemographic factors, COVID-19 history,
behavioral.characteristics, and COVID-19 risk perception and vaccine hesitancy. Models for
COVID-19%history, behavioral characteristics, and COVID-19 risk perception were adjusted
fonsociodemographic factors that were statistically significantly associated with the outcome
(2-sided P <0.05).

Association between vaccine hesitancy and subsequent vaccine uptake as of July 2021
Association between vaccine hesitancy and subsequent vaccine uptake was assessed using

logistic regression models, which estimated ORs and 95% Cls. For those who received the

10
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vaccine, association with vaccine hesitancy was assessed using the most recent visit prior to
the one when vaccine receipt was reported. Similarly, for those who remained unvaccinated
as of July 2021, we used vaccine hesitancy status reported in the June 2021 visit (or prior if
missing), to ensure exposure measurement in both groups is comparable. The model was

adjusted for sociodemographic characteristics, comorbidities, and COVID-19 history.

RESULTS

A total of 5,458 participants responded to at least one of the interview rounds between
October 2020 and July 2021, of which 4,191 (76%) completed all~full interview rounds.
Vaccination status was obtained for all study participants and only one participant was
missing vaccine willingness status across all visits. Vaccineydelay decreased significantly
from 51.0% to 6.7% between October 2020 to July 202%,(Web Table 1). Decrease in vaccine
refusal was also statistically significant but¢less prominent (8.4% to 5.7%). We illustrated
changes in vaccine hesitancy among participants using a Sankey plot (Web Figure 1). Most
participants moved from the ‘‘delay”)vaccine category to the “immediately” vaccinate
category and eventually to the*vaccinated” category. Movement out of the “never” vaccinate

category to “delay” or “immediately” vaccinate categories was limited.

Of the cohort participants who responded to the most recent full interview (June 2021,
n=4,571), 85.3% said they would immediately get the vaccine/were already vaccinated, 8.8%
were vaccine delayers, and 5.9% were vaccine refusers (Table 1). Participants who were
Hispanic and NH Black compared to NH White, younger (18-39 years old) compared to 60
years or older, female compared to male, had income < $35,000 compared to income
>$70,000, and had less than high school education compared a college education were more

likely to delay or refuse the COVID-19 vaccine.
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Trends in willingness to vaccinate between October 2020 and July 2021

Overall, vaccine delay decreased by 96% (aOR: 0.04, 95% ClI: 0.03, 0.05) and vaccine refusal
by 71% (aOR: 0.29, 95% CI: 0.24, 0.35) between October 2020 and July 2021, adjusted for
race/ethnicity, age, gender, and comorbidities (Table 2). Even though vaccine hesitancy:
decreased overall, the rate of change differed by race/ethnicity. In December relative«to
October 2020, NH Black participants had 2.8 times (95% CI: 2.2, 3.6) higher.odds of
delaying vaccine compared to NH Whites, adjusted for age, gender and comorbidities (Figure
1A). In July 2021 relative to October 2020, NH Black participants-still had significantly
higher odds of delaying COVID-19 vaccine than NH Whites\(@OR:1.7; 95% CI: 1.2, 2.5).
Similar trends in vaccine delay were seen for Hispanic.compared to NH White participants.
In December compared to October 2020, adjusted odds of vaccine refusal in NH Black
participants were 1.6 times greater (95% Cl:1'2, 2.2) compared to NH Whites. However, by
July 2021 compared to October 2020, ‘vaccCine refusal in NH Black participants was
significantly lower than in NH Whites (aOR: 0.6, 95% CI: 0.4, 0.8), adjusted for age, gender

and comorbidities. (Figure 1B).

Correlates of vaecine hesitancy in June 2021

Sociodemographics. Compared to NH White participants, adjusted odds ratios for vaccine
delay werey1.99 (95% ClI: 1.47, 2.71) for NH Black, 1.29 (95% CI: 0.97, 1.71) for Hispanic,
and, 0.35 (95% CI: 0.18, 0.69) for Asian/Pacific Islander participants (Table 3, Model 1).
Male and non-binary gender, older age, higher income, and college education were associated

with lower odds of vaccine delay in the adjusted model.
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COVID-19 experience. Those who knew someone who died from COVID-19 had
significantly lower odds of refusing COVID-19 vaccine (aOR: 0.60, 95% CI: 0.46, 0.80)
compared to those who did not, after adjusting for demographic factors. Participants who
self-identified as COVID long-haulers had significantly higher odds of being vaccine
delayers (aOR: 1.62, 95% CI: 1.14, 1.29) (Web Table 2). Prior COVID-19 diagnosis and

serostatus were not associated with vaccine hesitancy.

Worrying about themselves or their loved ones getting COVID-19 was asSeciated with lower
odds of vaccine refusal (aOR: 0.48, 95% CI: 0.33, 0.71). Those who reported suffering from
moderate to severe COVID-related anxiety had lower odds ofdelaying vaccine (aOR: 0.79,
95% CI: 0.63, 1.00) and vaccine refusal (aOR: 0.62, 95% CI: 9:47, 0.82). Those who did not
trust the federal government to prioritize the safety ‘of citizens during the pandemic (as
measured in the May 2021 survey) had lower odds of delaying the vaccine (aOR: 0.53, 95%

ClI: 0.40, 0.71) or refusing it (aOR: 0.25; 95% ClI: 0.18, 0.35) (Web Table 2).

Behaviors. Participants who reported wearing a mask in the prior month had substantially
lower odds of vaccine refusal/(aOR: 0.42, 95% CI: 0.31, 0.58) (Web Table 2). Air travel was
also associated with aower odds of vaccine delay (aOR: 0.50, 95% CI: 0.34, 0.72) and
vaccine refusal (aOR:0.50, 95% CI: 0.32, 0.79). Those who engaged in a greater number of
high-risk agtivities (such as not wearing masks consistently in public areas, not maintaining
soeial distancing with non-household members, gathering in large groups) had higher odds of

refusing the COVID-19 vaccine (aOR: 1.79, 95% ClI: 1.37, 2.34).

Association between vaccine hesitancy and subsequent vaccine uptake through July 2021

A total of 4,197 (76.9%) participants had reported receiving at least one dose of the

13



coronavirus vaccine as of July 2021 (visit V7.1). Those who reported they would delay
vaccination in the previous interview had 85% lower odds of receiving the vaccine
immediately (aOR: 0.15, 95% CI: 0.13, 0.18) while those who reported they would never get
vaccinated had 98% lower odds (aOR: 0.02; 95% CI: 0.01, 0.03) of being vaccinated as of
July 2021, adjusted for demographic factors, COVID-19 history, and comorbidities:
Compared to NH White participants, NH Black participants had lower odds of\being
vaccinated (aOR: 0.71, 95% CI: 0.56, 0.91). Among those who were willing to'vaceinate, 7%
of NH White and 6% of Asian/Pacific Islander participants had not yet received a vaccine in
July 2021, compared to 19% of NH Black participants and 13% of\Hispanic participants.
Older age, higher income, higher education, residence in the Midwest or the Northeast of the
U.S. compared to the South, having comorbidities, and_having-a history of COVID-19 were

associated with higher odds of being vaccinated (Table 4).

Among unvaccinated participants who reported they would delay or never get the vaccine,
the most frequently cited reasons“for vaccine delay in June 2021 were concerns about long-
term side effects (26.7%); short-term side effects (18.9%), and concerns about vaccine
effectiveness (15.9%). Reasons for delay did not vary by race/ethnicity. Among those willing
to take the vaceine immediately, the majority (17.9%) responded that they wanted to be
vaccinated..to. avoid getting COVID-19, end the pandemic (14.4%), protect themselves

(15.6%), and protect others (13.8%).

DISCUSSION
After a rapid roll out in spring 2021, the pace of COVID-19 vaccination uptake in the U.S.
has slowed down (6). Using a prospective cohort study, we tracked how COVID-19 vaccine

hesitancy evolved as vaccine became widely available, factors associated with vaccine
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hesitancy, and the association between intention to vaccinate and subsequent vaccine uptake.
We found that while the proportion of vaccine delayers decreased significantly in our cohort
as vaccine availability improved, vaccine refusal remained relatively constant. Vaccine
hesitancy differed by race/ethnicity, age, income, and education. While vaccine delay
decreased overall, it did so at a slower rate for participants of color compared to NH White
participants since October 2020. Conversely, there has been a greater decrease in“vaceine
refusal over time among NH Black compared to NH White participants. Williagness to

vaccinate was strongly associated with subsequent vaccine uptake in our cohort.

We separately assessed correlates of COVID-19 vaccine delay and vaccine refusal. This
delineation is important because the factors that drive.vaccine delay and refusal could be
different (20,21), especially for the COVID-19 vaccine,/and public health messaging will
need to be tailored to each group to address their Specific concerns. Similar to other U.S.
based surveys, we found age, sex, racefethnicity, income, and education to be correlated with
vaccine hesitancy (11,22-24). Even after large scale roll-out, as of July 2021 vaccine uptake
was lower among NH Black-participants, 18-39-year-olds, those with income lower in <
$35,000, and those with only a high school education. Communities of color, low-income
groups, and those with,fewer years of education have experienced particularly high COVID-
19 infection.rates, hospitalization rates and mortality rates (25-28). Given that vaccine uptake
remains low in these groups, they may remain more susceptible to a higher COVID-19
burden, especially as more transmissible variants such as B.1.617.2 (delta) continue to

emerge (29,30).

Several studies have focused on racial/ethnic differences in COVID-19 vaccine hesitancy,

and our findings are consistent with these studies (11,31-34). Even though overall vaccine
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delay decreased with time, racial/ethnic gaps in vaccine delay persisted from November 2020
to July 2021. Distrust in the medical community may be an important reason. Historical
mistreatment, oppression, and unethical conduct from the government, medical
establishments, and scientific research communities have adversely impacted racial and
ethnic minorities, especially Black Americans (31,35,36). Recognizing this, healthcare
professionals have sought to boost vaccine confidence to implement a more eqQuitable
vaccination campaign in the U.S. (37). Interestingly, we saw that outright vaccine refusal
among NH Black participants declined to a much greater degree compared to NH White
participants as vaccines became widely available, suggesting that these targeted efforts in
minority communities might have been successful in changingthe minds of even those who

said they would deny the vaccine at a time when vaccines were,under development.

Similar to other studies, we found racial disparities’in vaccine uptake (34,38). Even among
participants willing to vaccinate, a higheryproportion of NH White and Asian participants
reported being vaccinated compared tp”Hispanic and NH Black participants, which may
indicate barriers to vaccine access. One study in New York City found fewer vaccination
sites in districts with higher poverty rates and higher proportions of Black and Latinx
residents (39). wRacial/ethnic minorities constitute a large proportion of the essential
workforce(40).which might make it difficult for them to take time off work for vaccination
and or recover from potential vaccine side-effects. It is critical that testing and vaccinations
are,accessible and without cost barriers to reduce the disproportionately high COVID-19
purden in communities of color. Employers can encourage vaccination among workers by
offering on-site vaccine drives, providing paid sick leave, and paid transportation to and from
vaccine sites. Reduced waiting times and easy availability of the vaccine in health centers,

pharmacies, or at home might further improve vaccination rates (41).
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In our cohort, COVID-19 long-haulers reported being more likely to delay vaccination,
perhaps due to fears that vaccination might exacerbate their symptoms. While the CDC has
no specific guidelines regarding vaccinations for COVID-19 long-haulers, it recommends
that people get vaccinated regardless of their infection history because infection-deriyved
immunity may wane over time (42,43). Early evidence suggests COVID-19 vaccines have-the
potential to resolve long-COVID symptoms and large clinical studies are beingUndertaken to
study this (44-46). Cohort participants who were less likely to engage in“protective behavior
such as mask-wearing and social distancing were also less willing to be vaccinated. This may
be due to lack of trust in authorities as source of COVID-19 information (47). Unvaccinated
individuals who do not engage in NPIs could be at.an even higher risk of COVID-19

infection and mortality.

The main stated reasons for COVID-19 vaccine hesitancy in our cohort was worry about
short-term and long-term vaccing, side-effects, and concerns about vaccine effectiveness.
Studies show that targeted.dnformational interventions may not overcome vaccine hesitancy
(48,49), suggesting more research is needed to effectively communicate vaccination benefits
and address concernsyabout risks to those who remain hesitant. Being transparent about
vaccine risks.and uncertainties around new vaccines and emerging virus strains may help
increase public trust in government bodies (50,51). Encouragingly, the proportion of vaccine
delayers decreased over time, perhaps due to new information about vaccine safety and
efficacy emerged and an increasing number of people got vaccinated without incident. To
assuage concerns about effectiveness and safety, studies that estimate direct and population-

level vaccine effects for the different COVID-19 vaccines and in different subpopulations

17


https://paperpile.com/c/T5ygSK/0Pry+iP8O
https://paperpile.com/c/T5ygSK/UZbW+3DdD+Mc6b
https://paperpile.com/c/T5ygSK/E5vq
https://paperpile.com/c/T5ygSK/osRB+erxL
https://paperpile.com/c/T5ygSK/gw7I+EK7b

using real-world data in the U.S. are critical (52-54). Powering randomized control trials to

increase the chances of detecting less common side effects may also help.

The strengths of our study include prospective assessment of association between willingness
to vaccinate and subsequent vaccine uptake, a diverse and geographically representative
cohort, and detailed data on demographics, biomarkers on prior COVID-19 exposures,=and
behavioral characteristics that are not available in surveillance databases, electronic.medical
records, or cross-sectional surveys/polls. Our prospective design with repeat measurements
allowed us to assess how individual-level vaccine hesitancy has changed over the course of

the pandemic as vaccines became more widely available.

Our study also has limitations. Participants self-reperted vaccination status as well as
exposures, so the study is subject to misclassification and reporting bias. Because enrollment
was done online, those without smartphones, computers, or a stable internet connection were
less likely to be included. This is\pet a ‘population-based sample as participants had to opt
into the study. While we adjusted all models for demographic factors, there is a possibility of
unmeasured and/or uncontrelfed confounding. Not all participants responded to all interview
rounds, although-visit=level missingness was not associated with vaccination status. However,
missingness..was -associated with age, sex, college education, serostatus, and COVID-19

history, which could potentially bias our results.

In summary, the proportion of COVID-19 vaccine delayers decreased substantially from
October 2020 to July 2021 as vaccine availability increased. However, a small fraction
(5.7%) of participants continue to refuse the vaccine. While racial/ethnic disparities in

vaccine delay and vaccine uptake persisted, decrease in vaccine refusal was greater for racial
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minorities compared to NH Whites over time. To address disparities in vaccine uptake,
awareness efforts and response to vaccine-related concerns should focus on low-income
individuals and racial/ethnic minority individuals, and vaccine availability should be
prioritized in communities where uptake has been low. To mitigate the impact of COVID-19
as a public health threat, it is important that no groups are left behind by vaccination

initiatives.

Acknowledgements

Author Affiliations: Institute for Implementation Science in Population Health (ISPH), City
University of New York (CUNY); New York City, New Yeork USA (Madhura S. Rane,
Shivani Kochhar, Emily Poehlein, William You, McKaylee M. Robertson, Rebecca Zimba,
Drew A. Westmoreland, Matthew L. Romg,“Sarah G. Kulkarni, Mindy Chang, Amanda
Berry, Christian Grov, and Denis Nash) % Department of Epidemiology and Biostatistics,
Graduate School of Public Health‘and Health Policy, City University of New York (CUNY);
New York City, New York«{USA (Denis Nash); Department of Community Health and Social
Sciences, Graduate SchoolvofPublic Health and Health Policy, City University of New York
(CUNY); New ¥ork €ity, New York USA (Christian Grov); Department of Maternal and
Child Health,.Gillings School of Public Health, University of North Carolina, Chapel Hill,
NC,/USA (Angela M. Parcesepe); Carolina Population Center, University of North Carolina
at'€hapel Hill, Chapel Hill, NC, USA (Angela M. Parcesepe); Department of Environmental,
Occupational, and Geospatial Health Sciences, Graduate School of Public Health and Health
Policy, City University of New York (CUNY); New York City, New York USA (Andrew R.

Maroko).

19



Funding information: This work was supported by The National Institute of Allergy and
Infectious Diseases (NIAID) (grants 3UH3AI1133675-04S1 to D.N. and C.G.); the CUNY
Institute for Implementation Science in Population Health and the COVID-19 Grant Program
of the CUNY Graduate School of Public Health and Health Policy; and National Institute of
Child Health and Human Development (grant P2C HD050924). The NIH played no role’in

the production of this manuscript nor necessarily endorses the findings.

Data availability: Data are available upon reasonable request. The authors will post a
deidentified, HIPAA compliant, public use version of visit 1 ‘and follow-up data on
Backblaze, a secure cloud storage provider. Data will be presented as flat text files (CSV)
formatted for compatibility with county-level longitudinal case-load datasets, including date,
county, state and FIPS code. The authors will exclude,eounties with <20 000 residents to
protect participant privacy. The authors will “eontinue to provide direct feedback to their
cohort and other stakeholders who have‘signed up for updates via follow-up emails to
participants and the City University ofi New York Institute for Implementation Science in
Population Health Study website.

Thanks: We thank Dr. Patrick Sullivan and MTL labs for local validation work on the
serologic assayssfor use’with dried blood spots that greatly benefited our study. We are also
grateful to.MIL Labs for processing specimen collection kits and serologic testing of our
cohoftt’s specimens.

Conflict of interest: None declared

20



References:

1. WHO Director-General’s opening remarks at the media briefing on COVID-19 - 11
March 2020. (https://www.who.int/director-general/speeches/detail/who-director-general-s-
opening-remarks-at-the-media-briefing-on-covid-19---11-march-2020). (Accessed April 1,
2021)

2. Polack FP, Thomas SJ, Kitchin N, et al. Safety and Efficacy of the BNT162b2 mRNA
Covid-19 Vaccine. N. Engl. J. Med. 2020;383(27):2603-2615.

3. Baden LR, El Sahly HM, Essink B, et al. Efficacy and Safety of the mRNA-1273 SARS-
CoV-2 Vaccine. N. Engl. J. Med. 2021;384(5):403-416.

4. Sadoff J, Le Gars M, Shukarev G, et al. Interim Results of a'Rhase 1-2a Trial of
Ad26.COV2.S Covid-19 Vaccine. New England Journal.of Médicine.
2021;(http://dx.doi.org/10.1056/nejmoa2034201)

5. Centers for Disease Control and Prevention."\COVID-19 Vaccinations in the United States.
(https://covid.cdc.gov/covid-data-tracker/#vaccinations). (Accessed April 1, 2021)

6. Centers for Disease Control ant\Prevention. COVID Data Tracker: Trends in Number of
COVID-19 Vaccinations inthe US. 2021;(https://covid.cdc.gov/covid-data-
tracker/#vaccination-trendswvacctrends-onedose-cum). (Accessed August 17, 2021)

7. Moghadas SM, Vilehes TN, Zhang K, et al. The impact of vaccination on COVID-19
outbreaks.in.the:United States. Clin. Infect. Dis. [electronic article].
202%;(http:f/dx.doi.org/10.1093/cid/ciab079)

8.\Schaffer DeRoo S, Pudalov NJ, Fu LY. Planning for a COVID-19 Vaccination Program.
JAMA. 2020;323(24):2458-2459.

9. Phadke VK, Bednarczyk RA, Salmon DA, et al. Association between vaccine refusal and
vaccine-preventable diseases in the United States A review of measles and pertussis. JAMA -

Journal of the American Medical Association. 2016;315(11):1149-1158.

21



10. Grover N. Covid: new vaccines needed globally within a year, say scientists. The
Guardian. 2021;

11. Khubchandani J, Sharma S, Price JH, et al. COVID-19 Vaccination Hesitancy in the
United States: A Rapid National Assessment. J. Community Health. 2021;46(2):270-277.
12. Mullard A. COVID-19 vaccine development pipeline gears up. Lancet.
2020;395(10239):1751-1752.

13. Poll: Most Americans Worry Political Pressure Will Lead to Premature Approval.of a
COVID-19 Vaccine; Half Say They Would Not Get a Free Vaccine Approved Before
Election Day. 2020;(https://www.kff.org/coronavirus-covid-19/press-release/poll-most-
americans-worry-political-pressure-will-lead-to-premature-appravalsof-a-covid-19-vaccine-
half-say-they-would-not-get-a-free-vaccine-approved-before-election-day/). (Accessed April
2,2021)

14. Lin C, Tu P, Beitsch LM. Confidence and Receptivity for COVID-19 Vaccines: A Rapid
Systematic Review. Vaccines. 2020;9(%):16, (http://dx.doi.org/10.3390/vaccines9010016)
15. Robertson MM, Kulkarni SG;‘Rane)M, et al. Cohort profile: a national, community-
based prospective cohort study.of SARS-CoV-2 pandemic outcomes in the USA—the
CHASING COVID Cohortsstudy. BMJ Open [Internet]. British Medical Journal Publishing
Group; 2021 [cited 2021 Sep 28]; 11(9):e048778. Available from:
https://bmjopen.bmj.com/content/11/9/e048778.abstract

16. MacDonald NE, SAGE Working Group on Vaccine Hesitancy. Vaccine hesitancy:
Definition, scope and determinants. Vaccine. 2015;33(34):4161-4164.

17. Executive Office of the President, Office of Management and Budget (OMB), Office of
Information and Regulatory Affairs. Revisions to the Standards for the Classification of
Federal Data on Race and Ethnicity.; Office of Management and Budget (OMB) 1997.

(Federal Register, VVol. 62, No. 210, Thursday, October 30, 1997, Notices). URL.:

22



https://www.govinfo.gov/content/pkg/FR-1997-10-30/pdf/97-28653.pdf. Accessed
September 9, 2021

18. Ripley B, Venables W. Feed-Forward Neural Networks and Multinomial Log-Linear
Models. https://cran.r-project.org/web/packages/nnet/nnet.pdf. Published May 3, 2021.
Accessed September 9, 2021.

19. Doherty 1A, Pilkington W, Brown L, et al. COVID-19 vaccine hesitancy in underserved
communities of North Carolina. PLoS One. 2021;16(11):e0248542.
doi:10.1371/journal.pone.0248542

20. Edwards B, Biddle N, Gray M, et al. COVID-19 vaccine hesitancy-and resistance:
Correlates in a nationally representative longitudinal survey of the Australian population.
PLo0S One. 2021;16(3):e0248892.

21. Murphy J, Valliéres F, Bentall RP, et al. Psychologieal characteristics associated with
COVID-19 vaccine hesitancy and resistance in‘lreland and the United Kingdom. Nature
Communications. 2021;12(1). (http://dx.doiorg/10.1038/s41467-020-20226-9)

22. Fisher KA, Bloomstone SJ, Walder)J; et al. Attitudes toward a potential SARS-CoV-2
vaccine : A survey of U.s. adults: A'survey of U.s. adults. Ann. Intern. Med.
2020;173(12):964-973.

23. Gibson DGrAgarwal S, Meghani A, et al. COVID-19 vaccine acceptability and inequity
in the United.States: Results from a nationally representative survey [preprint]. medRxiv
202%;( doihttps://doi.org/10.1101/2021.01.29.21250784). Accessed September 9, 2021
24 Malik AA, McFadden SM, Elharake J, et al. Determinants of COVID-19 vaccine
acceptance in the US. EClinicalMedicine. 2020;26(100495):100495.

25. Price-Haywood EG, Burton J, Fort D, et al. Hospitalization and Mortality among Black
Patients and White Patients with Covid-19. N. Engl. J. Med. 2020;382(26):2534-2543.

26. Liebermann-Cribbin W, Tuminello S, Flores R, et al. Disparities in COVID-19 Testing

23


https://www.govinfo.gov/content/pkg/FR-1997-10-30/pdf/97-28653.pdf
https://cran.r-project.org/web/packages/nnet/nnet.pdf

and Positivity in New York City. Am. J. Prev. Med. 2020;59(3):326-332.

27. Rentsch CT, Kidwai-Khan F, Tate JP, et al. Patterns of COVID-19 testing and mortality
by race and ethnicity among United States veterans: A nationwide cohort study. PLoS Med.
2020;17(9):1-17.

28. Aung S, Vittinghoff E, Nah G, et al. Characteristics and Behaviors Associated with
Prevalent SARS-CoV-2 Infection. Int. J. Gen. Med. 2021;14:1063-1067.

29. Fisman DN, Tuite AR. Progressive increase in virulence of novel SARS-CoV-2wariants
in Ontario, Canada [preprint]. bioRxiv. 2021; (doi:
https://doi.org/10.1101/2021.07.05.21260050). Accessed September 9,.2021

30. Brown CM, Vostok J, Johnson H, et al. Outbreak of SARS=€oV.-2 Infections, Including
COVID-19 Vaccine Breakthrough Infections, Associated.with Large Public Gatherings —
Barnstable County, Massachusetts, July 2021. MMWR.\Morbidity and Mortality Weekly
Report. 2021;70(31):1059-1062. (http://dx.dei.erg/10.15585/mmwr.mm7031e2)

31. Bunch L. A Tale of Two Crises: Addressing Covid-19 Vaccine Hesitancy as Promoting
Racial Justice. HEC Forum [electranic article]. 2021;(http://dx.doi.org/10.1007/s10730-021-
09440-0)

32. Black Americans face higher COVID-19 risks, are more hesitant to trust medical
scientists, get vaecinated. (https://www.pewresearch.org/fact-tank/2020/06/04/black-
americanssface-higher-covid-19-risks-are-more-hesitant-to-trust-medical-scientists-get-
vaccinated/). Accessed April 2, 2021

33 Latkin CA, Dayton L, Yi G, et al. Mask usage, social distancing, racial, and gender
correlates of COVID-19 vaccine intentions among adults in the US. PLoS One. 2021;16(2):
e0246970.

34. Nguyen LH, Joshi AD, Drew DA, et al. Racial and ethnic differences in COVID-19

vaccine hesitancy and uptake [preprint]. medRxiv, 2021; (doi:

24


https://doi.org/10.1101/2021.07.05.21260050

https://doi.org/10.1101/2021.02.25.21252402). Accessed September 9, 2021

35. Yancy CW. COVID-19 and African Americans. JAMA. 2020;323(19):1891-1892.

36. Momplaisir F, Haynes N, Nkwihoreze H, et al. Understanding Drivers of COVID-19
Vaccine Hesitancy Among Blacks. Clin. Infect. Dis. [electronic article].
2021;(http://dx.doi.org/10.1093/cid/ciab102)

37. Kaiser Family Foundation. THE CONVERSATION: Between Us, About Us, A New
Campaign By Black Health Care Workers for Black People about the COVID-19 Vaccines.
2021;(https://www.kff.org/coronavirus-covid-19/press-release/the-conversation-between-us-
about-us-a-new-campaign-by-black-health-care-workers-for-black-people-about-the-covid-
19-vaccines/). (Accessed September 2, 2021)

38. Reitsma MB, Goldhaber-Fiebert JD, Salomon JA. Addressing racial/ethnic disparities in
the COVID-19 vaccination campaign [preprint]. medRxiv,2021; ( doi:
https://doi.org/10.1101/2021.04.21.21255878)

39. Williams N, Tutrow H, Pina P, et al. Assessment of Racial and Ethnic Disparities in
Access to COVID-19 Vaccination‘Sites)in Brooklyn, New York. JAMA Netw Open.
2021;4(6):22113937.

40. Labor force characteristies by race and ethnicity, 2018. U.S. Bureau of Labor Statistics.;
2019. (https://www.blsygov/opub/reports/race-and-ethnicity/2018/home.htm)

41. Eshun-Wilson'l, Mody A, Tram KH, et al. Preferences for COVID-19 vaccine
distributionystrategies in the US: A discrete choice survey. PL0oS One. 2021;16(8):e0256394.
doi;10.1371/journal.pone.0256394

42. Centers for Disease Control and Prevention. Interim Guidance on Duration of Isolation
and Precautions for Adults with COVID-19. 2021;(https://www.cdc.gov/coronavirus/2019-
ncov/hcp/duration-isolation.html). (Accessed April 20, 2021)

43. Seow J, Graham C, Merrick B, et al. Longitudinal observation and decline of neutralizing

25


https://doi.org/10.1101/2021.02.25.21252402

antibody responses in the three months following SARS-CoV-2 infection in humans. Nat
Microbiol. 2020;5(12):1598-1607.

44. Katella K. Why Vaccines May Be Helping Some With Long COVID. Yale Medicine.
Research and Innovation. 2021;(https://www.yalemedicine.org/news/vaccines-long-covid).
(Accessed August 20, 2021)

45. Strain WD, Sherwood O, Banerjee A, et al. The Impact of COVID Vaccination on
Symptoms of Long COVID. An International Survey of People with Lived Experienceof
Long COVID [preprint]. SSRN 2021;( DOI: 10.2139/ssrn.3868856). Accessed September 2,
2021.

46. Arnold DT, Milne A, Stadon L, et al. Are vaccines safe in patients with Long COVID? A
prospective observational study [preprint]. Medrxiv, 2021; (doi:
https://doi.org/10.1101/2021.03.11.21253225). Accessed, September 9, 2021

47. Soveri A, Karlsson LC, Antfolk J, et al. Unwillingness to engage in behaviors that
protect against COVID-19: the role of conspiracy beliefs, trust, and endorsement of
complementary and alternative medicine.’ BMC Public Health. 2021;21(1):684.

48. Dai H, Saccardo S, Han'MA, et al. Behavioral nudges increase COVID-19 vaccinations:
Two randomized controlledhtrials. (http://dx.doi.org/10.1101/2021.04.12.21254876)

49. Thorpe A, Fagerlin/A, Butler J, et al. Communicating about COVID-19 vaccine
development.and safety [preprint]. bioRxiv, 2021; (doi:
https://doi.0rg/10.1101/2021.06.25.21259519). Accessed September 9, 2021.

50% Noah Weiland SLACZ. Johnson & Johnson Vaccinations Paused After Rare Clotting
Cases Emerge. The New York Times. 2021;

51. Machingaidze S, Wiysonge CS. Understanding COVID-19 vaccine hesitancy. Nat. Med.
2021;27(8):1338-1339.

52. Moline HL, Whitaker M, Deng L, et al. Effectiveness of COVID-19 Vaccines in

26


https://doi.org/10.1101/2021.03.11.21253225
https://doi.org/10.1101/2021.06.25.21259519

Preventing Hospitalization Among Adults Aged >65 Years — COVID-NET, 13 States,
February—April 2021. MMWR. Morbidity and Mortality Weekly Report. 2021;70(32):1088—
1093. (http://dx.doi.org/10.15585/mmwr.mm7032e3)

53. Fowlkes A. Effectiveness of COVID-19 Vaccines in Preventing SARS-CoV-2 Infection
Among Frontline Workers Before and During B. 1.617. 2 (Delta) Variant Predominance—;
Eight US Locations, December 2020--August 2021. MMWR Morb. Mortal. Wkly. Rep.
[electronic article]. 2021;70. (https://www.cdc.gov/mmwr/volumes/70/wr/mm7034e4.htm)
54. Tenforde MW, Self WH, Naioti EA, et al. Sustained Effectiveness of Pfizer;sBioNTech
and Moderna Vaccines Against COVID-19 Associated Hospitalizations Among Adults —

United States, March—July 2021. MMWR Morb. Mortal. Wkly:Rep; 2021;70:1156-1162.

27



Tables

Table 1: Cohort characteristics by vaccine hesitancy among CHASING COVID cohort

participants in June 2021 (N=4,571)

Characteristics Total | Immediately Delay | Never get P
get vaccine getting vaccine | value®
(includes vaccine
those who are
vaccinated)
n % n % n % n %
4,571 |100.0 | 3,901 | 85.3| 40%. 88| 269 | 59
Demographic characteristics
Race <
0.001
Hispanic 733 | 160 o74 | 14.7 94| 234 65 | 24.2
Black NH 454 9.9 319 8.2 75| 18.7 60 | 22.3
Asian/Pacific 327 7.2 307 7.9 11 2.7 9| 3.3
Islander
White NH 2909 | 63.7| 2588 | 66.3| 199 | 496 | 122|454
Other 148 3.2 113 2.9 22 5.5 13| 438
Age <
0.001
18-39 2,280 | 49.9| 1877 | 48.1| 249 | 62.1| 154 |57.2
40-49 829 | 18.1 704 | 18.0 74| 185 51 19
50-59 635| 13.9 551 | 14.1 53| 13.2 311115
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60+ 827 | 18.1 769 | 19.7 25 6.2 331123
Gender <
0.001
Male 2,016 | 441 | 1810| 464 | 129 | 32.2 77 | 28.6
Female 2426 | 531 | 1970| 505| 267 | 66.6 | 189 70.3
Non-binary 129 2.8 121 3.1 5 1.2 3| 11
Income <
0.001
<35,000 1,206 | 26.4 897 | 23.7| 186 | 48.6} 123 |46.2
35,000 to 69,999 1,186 | 26.0 990 | 26.2 | 116 {\303 80| 30.1
70,000+ 2,036 | 446| 1,892 | 50.1 8177 211 63 | 23.7
Education <
0.001
< High school 498 | 10.9 300 7.7 113 | 28.2 85| 31.6
Some college 1,167 |« 25,5 885 | 22.7| 167 | 41.6| 115|428
College graduate 29061 636 | 2,716 | 69.6 | 121 | 30.2 69 | 25.7
Essential worker 850 | 18.6 690 | 17.7 94| 234 66 | 24.5| <0.01
status® (October 2020)
Healthcare worker 398 8.7 351 94 29 8 18| 7.2 0.3
status (Oc¢tober 2020)
COWVID-related characteristics
Past COVID infection | 770 | 16.9 623 | 16.0 93| 232 54120.1 <
0.001
Previous known 1,452 | 318 | 1,212 | 31.1| 146 | 36.4 941 34.9 0.04

29




exposure to COVID

Know someone who 1915| 419| 1676 | 43.0| 153 | 38.2 86| 32| <0.01
died from COVID
Self-identify as 288 6.3 218 | 5.6 47 | 11.7 23| 8.6 <
COVID long-hauler 0.001
Perceived risk of COVID
Worried about 285 6.2 227 | 6.7 45| 135 13( 5.8 <
COVID infection 0.001
Worried about loved 693 | 15.2 576 | 14.8 88| 224 29 | 10.8 <
one getting COVID 0.001
Worried about 310 6.8 256 6.6 37 9.4 17| 6.4 0.09
COoVvID
overwhelming
hospitals
Perception of social 3,184 |, 697 | 2,759 | 70.7| 266 | 66.3| 159 |59.1 <
distancing in 0.001
community
Anxiety 0.02
None/low anxiety 2,466 | 54.0| 2,128 | 546 | 188 | 478 | 150 | 56.2
symptems
Mederate or severe | 2,091 | 458 | 1,769 | 454 | 205 | 522 | 117|438
anxiety symptoms
Federal government <
prioritizing safety of 0.001

citizens
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Agree 963 | 21.1 765 | 20.3 99 | 26.2 99 | 39.6
Neutral 746 | 16.3 517 | 13.7| 143| 37.8 86 | 34.4
Disagree 2,689 | 589 | 2488 | 66.0 136 36 65| 26
Behavioral characteristics ©
Wore mask in last 4100 | 89.7| 3551 | 91.0| 347 | 865 | 202|751 <
month 0:001
Traveled by plane 755 | 16.5 698 | 17.9 35| 87 22 8.2 <
since March 2020 0.001
Social distancing
(October 2020 — June
2021
Mass gathering 95 2.1 86 2.2 4 1 5| 1.9 0.2
Indoor dining/bar 2,690 | 58.9| 2350%, 60.2 | 194 | 484 | 146 |54.3 <
0.001
Outdoor dining/bar | 2,561 |« 561 } 2,323 | 59.5| 138 | 34.4| 100 | 37.2 <
0.001
Place of worship 510 | 11.2 414 | 10.6 57| 14.2 391|145 0.01
Public Park/publie 510 | 11.2 414 | 10.6 57| 14.2 391|145 0.01
pool
Visiting a 2,600 | 56.9| 2,295| 58.8 | 178 | 444 | 127|472 <
Mall/Salon/movie 0.001
theater
Hotel/overnight stay | 2,029 | 44.4| 1,803 | 46.2| 125| 31.2| 101|375 <
0.001

31




Mask indoor
(December 2020 —

June 2021)

While grocery

shopping 0.001
Always 3,722 | 815 | 3322 | 883 | 268 | 71.7| 132|512
Sometimes 549 | 12.0 384 | 10.2 88| 235 77 (29.8
Never 123 2.7 56 1.5 18 4.8 49 |) 19

While visiting non- <

household members 0.001
Always 731 | 16.0 621 | 184 6877 20.1 42 | 17.8
Sometimes 1,804 | 39.5| 1,645 |/48.7 123 | 36.3 36 | 15.3
Never 1,420 | 31.1| 1,114% 33.0| 148 | 43.7| 158 |66.9

While at work <

0.001
Always 1,560 _34.1| 1,349 | 64.1| 137 | 58.1 74 | 46.3
Sometimes 739 | 16.2 636 | 30.2 67 | 28.4 36 | 22.5
Never 203 4.4 121 5.7 32| 136 50| 31.3
While at salon/gym <
0.001
Always 1,267 | 27.7| 1,120 | 87.0 93| 69.9 54 | 60.7
Sometimes 135 3.0 97| 75 26| 195 12 | 135
Never 108 24 71 5.5 14| 105 23| 25.8
Mask use outdoor <0.00
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(December 2020 —

June 2021)
Always 1,213 | 26.5| 1,063 | 28.0 99 27 511 20.2
Sometimes 1,844 | 404 | 1,690 | 446 | 110| 30.1 44 | 17.4
Never 1,354 | 296 | 1,039 | 274 | 157 | 429 | 158 |62.5
Gathered in groups of
10 or more people
(December 2020 —
June 2021)
Indoors 1,584 | 34.7| 1,323 | 339 | 142{\354 | 119|442 | <0.01
Outdoors 2,110 | 46.2 | 1837 | 47.14%155| 38.7 | 118|439 | <0.01
Flu vaccine (April <
2020) 0.001
No 840 | 18.4 691 | 28.5 92| 67.2 571 73.1
Yes 1,784 |« 390 y 1,722 | 71.0 43| 314 19| 244
Don't know 15 0.3 11 0.5 2 15 2| 2.6

Abbreviations: NH, Non-HiSpanic

& Chi-squared P values for differences in distribution across level of vaccine hesitancy

® Essentjal"Workers included anyone who reported working in law enforcement, emergency

management, retail, delivery, transportation, agriculture, or school/daycare/childcare.

° For-behavioral characteristics, visit rounds in which the question was asked are given in

parenthesis next to the characteristic. Demographic characteristics were collected at baseline

visit. Information on all other characteristics were asked during each visit round.
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Table 2: Generalized Estimating Equations (GEE) models for change in vaccine

hesitancy over time among CHASING COVID cohort participants, October 2020- July

2021 (N=5,458)

Interview month

Delay getting vaccine

Never get vaceine

aOR? 95% Cl| P value” aOR? 95% Cl|." \/P-value
October 2020 1.00 Referent 1.00 Referent
November 2020 0.63| 0.59, 0.67 <0.001 0.59| ~. 0.52, 0.68 <0.001
December 2020 0.34| 0.31,0.37 <0.001 0.38| 0.32,0.45 <0.001
February 2021 0.11] 0.10,0.13 <0.00% 0.45| 0.39,0.53 <0.001
April 2021 0.08| 0.07.0.10 <0,001 0.33] 0.27,0.39 <0.001
May 2021 0.06| 0.05,0.07 <0.001 0.29| 0.24,0.35 <0.001
June 2021 0.06/ 0.05;0.07 <0.001 0.33| 0.28,0.40 <0.001
July 2021 0.04| ~0.08, 0.05 <0.001 0.29| 0.24,0.35 <0.001

Abbreviations: aOR, adjusted Odds Ratio

®Model included interaction term between interview (time) and race and was adjusted for age,

gender, and comorbidities

® P valug for change in vaccine delay and vaccine refusal for each month since October 2020

compared to October 2020.
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Table 3: Multinomial logistic regression models for association between baseline

characteristics and vaccine hesitancy among CHASIN COVID participants in June,

2021 (N= 4,571)

Characteristics Delay getting vaccine Never get vaccine
aOR 95% CI P value aOR 95% CI P value

Model 1: Baseline characteristics associated with vaccine hesitancy in December, 2020
Race/ethnicity

NH White 1.00 | Referent 1.00 | Referent

NH Black 199 | 147,271 <0.001 2.53 | 1.78, 3.59 <0.001

Hispanic 1.29 | 0.97,1.71 0.07 1.41 | 1.00, 1.96 0.04

Asian/ Pacific 0.35| 0.18, 0.69 0.002 062 | 0.31,1.22 0.16

Islander

Other 2.05| 1.23,3.43 0:005 1.88 | 0.99, 3.55 0.05
Gender

Female 1.00 | Referent 1.00 | Referent

Male 0.5 0:40, 0.63 <0.001 0.48 | 0.36, 0.63 <0.001

Non-binary 0.141 0.05, 0.39 <0.001 0.17 | 0.05, 0.57 0.003
Age

18-39 1.00 | Referent 1.00 | Referent

40-49 0.86 | 0.65, 1.16 0.34 1.06 | 0.75,1.49 0.71

50+59 0.85| 0.61,1.19 0.37 0.88 | 0.57,1.34 0.55

60+ 0.24 | 0.15,0.38 <0.001 0.65| 0.430.99 0.04
Income

<35,000 1.00 | Referent 1.00 | Referent
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35,000 to 0.71 | 0.54,0.92 0.009 0.78 | 0.56, 1.05 0.1

69,999

70,000+ 0.42 | 0.31,0.56 <0.001 0.54 | 0.38,0.76 <0.001
Education

< High school 1.00 | Referent 1.00 | Referent

Some college 0.65 | 0.49,0.87 0.004 0.54 | 0.39,0.75 <0:00%

College 0.21| 0.15,0.28 <0.001 0.14 | 0.09, 0.19 <0.001

graduate

Comorbidities®

No 1.00 Referent 1.00 Referent

Yes 0.74 | 0.58,0.94 0.01 062 | 0.47,0.83 0.001

Model 2°: Essential worker status and vaccine hesitancy

Not Essential 1.00 | Referent 1.00 | Referent
workers*

Essential 1.11 | 0.85,1.46 0.41 1.17 | 0.86, 1.60 0.3
workers*

Model 3°: HCW status and Vaccine hesitancy

Not Healthcare 1.00 | Referent 1.00 | Referent

workers

Healthcare 0.7 | 0.46,1.06 0.09 0.65 | 0.39,1.09 0.1
workers

Abbreviations: aOR, adjusted Odds Ratio; NH, Non-Hispanic
8 Comorbidity is defined as having history of heart attack, depression, angina,
immunosuppression, type 2 diabetes, high blood pressure, cancer, asthma, COPD, chronic

kidney disease, and/or HIV/AIDS
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®Models 2 and 3 adjusted for baseline characteristics and past COVID-19 history
¢ Essential workers included anyone who reported working in law enforcement, emergency

management, retail, delivery, transportation, agriculture, or school/daycare/childcare.
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Table 4: Association between vaccine hesitancy and vaccine uptake among CHASING

COVID participants as of July, 2021(N=5,458)

Characteristics

COVID-19 Vaccine uptake

aOR?® 95% ClI P value

Covid-19 Vaccine hesitancy reported
in the visit prior to receiving vaccine

Immediately 1.00 Referent

Delay 0.02 0.01, 0.03 <0.001

Never 0.15 0.13,0.18 <0.001
Race/ethnicity

NH White 100 Referent

Hispanic 0.94 0.76, 1.17 0.62

NH Black 0.71 0.56, 0.91 0.007

Asian 1.39 0.98, 1.99 0.06

Other 0.58 0.39,0.88 0.009
Age

18-39 1.00 Referent

40-49 1.12 0.90, 1.39 0.27

50-59 1.33 1.02,1.74 0.03

60 1.64 1.25,2.14 <0.001
Gender

Female 1.00 Referent

Male 0.96 0.81,0.13 0.68
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Non-binary 131 0.78,0.30 0.31
Income

<35,000 1.00 Referent

35,000 to 69,999 1.34 1.09, 1.65 0.004

70,000+ 1.8 1.45,2.23 <0.001
Education

< High school 1.00 Referent

Some college 1.28 1,02, 1.64 0.04

College graduate 2.34 1.82, 2.99 <0.001
Region

South 1700 Referent

Midwest 44 1.13,1.82 0.002

Northeast 1.38 1.12,1.71 0.002

West 1.25 1.01,1.54 0.04
Any comorbidity”

No 1.00 Referent

Yes 1.33 1.11,1.58 0.001
COVID-19 history*

No 1.00 Referent

YEes 1.29 1.05, 1.58 0.01
Children under 18 years of age in
household

No 1.00 Referent

Yes 0.56 0.46, 0.68 <0.001

Abbreviations: aOR, adjusted Odds Ratio; NH, Non-Hispanic
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%0dds ratios for vaccine uptake were adjusted for age, race/ethnicity, gender, income,
education, region of residence, past COVID-19 history, presence of children <18 in the
household, and comorbidities

® Comorbidity was defined as having history of heart attack, depression, angina,
immunosuppression, type 2 diabetes, high blood pressure, cancer, asthma, COPD, chronic
kidney disease, and/or HIV/AIDS

¢ COVID-19 history is defined as someone who had a PCR diagnosis, self-identifiethas‘a long

hauler, or was seropositive
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Figure legend

Figure 1: Racial/ethnic differences in change in vaccine hesitancy over time among

CHASING COVID COHORT participants between October 2020 and July 2021

This plot shows odds ratios (ORs) of vaccine hesitancy for Asian/Pacific Islanders.(circle),
Hispanic (triangle), and NH Black (square) participants compared to NH*\White participants
in each interview month compared to October 2020 (first interview. when vaccine-related
questions were asked). ORs for vaccine delay are in panel A and vaccine refusal are in panel
B. Hispanic (triangle) and NH Black (square) participants had-higher odds of vaccine delay
compared to NH White in each subsequent visit after Oetober 2020, with ORs being higher in
the early vaccine era compared to later. However; odds of vaccine refusal for NH Black
participants were lower compared to NH White participants in the recent visits compared to
October 2020. This suggests a steeper decline in vaccine refusal among NH black participants
compared to NH White participants since before vaccine roll-out. Pac.ls.: Pacific Islander;

NH: non-Hispanic
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