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Introduction: Little is known about how the drivers of COVID-19 vaccination vary across the U.S.
To inform vaccination outreach efforts, this study explores geographic variation in correlates of
COVID-19 nonvaccination among adults.

Methods: Participants were a nationally representative sample of U.S. adults identified through ran-
dom-digit dialing for the National Immunization Survey—Adult COVID Module. Analyses examined
the geographic and temporal landscape of constructs in the Behavioral and Social Drivers of Vaccina-
tion Framework among unvaccinated respondents from May 2021 to December 2021 (n=531,798)
and sociodemographic and geographic disparities and Behavioral and Social Drivers of Vaccination
predictors of COVID-19 nonvaccination from October 2021 to December 2021 (n=187,756).

Results: National coverage with at least 1 dose of COVID-19 vaccine was 79.3% by December 2021,
with substantial geographic heterogeneity. Regions with the largest proportion of unvaccinated persons
who would probably get a COVID-19 vaccine or were unsure resided in the Southeast and Midwest
(Health and Human Services Regions 4 and 5). Both regions had similar temporal trends regarding con-
cerns about COVID-19 and confidence in vaccine importance, although the Southeast had especially low
confidence in vaccine safety in December 2021, lowest in Florida (5.5%) and highest in North Carolina
(18.0%). The strongest Behavioral and Social Drivers of Vaccination correlate of not receiving a COVID-
19 vaccination was lower confidence in COVID-19 vaccine importance (adjusted prevalence ratio=5.19,
95% CI=4.93, 5.47; strongest in the Northeast, Southwest, and Mountain West and weakest in the South-
east and Midwest). Other Behavioral and Social Drivers of Vaccination correlates also varied by region.

Conclusions: Contributors to nonvaccination showed substantial geographic heterogeneity. Strategies
to improve COVID-19 vaccination uptake may need to be tailored regionally.
Am ] Prev Med 2022;000(000):1—11. Published by Elsevier Inc. on behalf of American Journal of Preventive Medicine.

INTRODUCTION

oronavirus disease 2019 (COVID-19) vaccine
first became available in the U.S. in December
2020, and vaccine eligibility had expanded to all
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persons aged >16 years by April 19, 2021. In the first
year of vaccine availability, 84.2% of U.S. adults received
at least 1 dose of COVID-19 vaccine."” Progress in
COVID-19 vaccination coverage slowed after April 2021,
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with wide geographic variation in vaccine uptake.” "~

Millions of Americans remained unvaccinated as cases
reached all-time highs because of the Omicron varjant in
December 2021.” Despite high national vaccination cov-
erage, spatial heterogeneity in vaccination can contribute
to outbreaks in areas with high numbers of unvaccinated
individuals.*”

Analyses of disparities in vaccination coverage show
variability by socioeconomic and sociodemographic
factors, including reduced vaccination coverage among
younger persons,'’ residents of rural counties,'’”"”
and residents of counties with higher social
vulnerability.'”'*'* Many of these groups (i.e., those liv-
ing in rural areas, those with lower household income,
those with less education, and Black and Hispanic per-
sons) have greater vaccine hesitancy.'” These disparities
highlight the impacts of systematic underinvestment in
public health, unequal access to healthcare services, and
multifaceted distrust in vaccines created in part by struc-
tural racism and medical mistreatment of underserved
groups.'” '

Behavioral and Social Drivers of Vaccination may
play a role in the geographic and sociodemographic het-
erogeneity of COVID-19 vaccination coverage and
intent.””’ Connections between behavioral, social, and
practical factors and their impact on COVID-19 vacci-
nation were evaluated using the Behavioral and Social
Drivers of Vaccination (BeSD) framework.””> Behav-
ioral factors influence vaccine acceptance or refusal,
including vaccine confidence and concerns about vac-
cine importance, safety, and trustworthiness.”™” Surveys
early in the pandemic found that many respondents
were hesitant to get vaccinated because they believed
sociopolitical pressures may have rushed authorization
for COVID-19 vaccines* or lacked trust in vaccines.”’

Vaccination behavior also responds to social pro-
cesses, including receiving a recommendation from fam-
ily and friends”>”” or a healthcare provider,”* ~’ both of
which are associated with higher vaccine uptake. Other
reasons for nonvaccination may include practical issues
such as lack of reliable transportation, fewer vaccination
sites, and lack of paid time off to get vaccinated or to
recuperate from vaccine side effects.””?

Identifying regions with low COVID-19 vaccination
coverage and reasons for low vaccine uptake is crucial to
developing more focused public health efforts. The
objectives of this study were to (1) assess time trends in
vaccination coverage, intent, and BeSD factors by state;
(2) identify HHS Regions and sociodemographic groups
facing disparities in vaccination coverage; and (3) use
regionally stratified models incorporating BeSD varia-
bles to elucidate the underlying drivers of observed dis-
parities.

METHODS

Study Sample

The National Immunization Survey—Adult COVID Module (NIS-
ACM)™ is a nationally representative, random-digit-dialed house-
hold cellphone survey of U.S. adults aged >18 years. The Adult
COVID Module was added to the National Immunization
Survey’**” in April 2021. This paper reports on participants
(n=531,798) surveyed from April 22, 2021 to December 31, 2021.
Response rates were calculated for 7 approximate monthly ana-
lytic periods: April 22—May 29 (n=77,162), May 30—June 26
(n=56,749), June 27—July 31 (n=73,512), August 1—August 28
(n=63,193), August 29—September 25 (n=73,426), September 26
—Qctober 30 (1=79,636), October 31—November 27 (n=39,508),
and November 28—December 31 (n=68,612). Response rates for
these time periods ranged from 17.2% to 23.4%. Additional infor-
mation on survey procedures is available in Wolter et al.”®

Measures

The NIS-ACM assessed vaccine uptake by asking participants:
Have you received at least one dose of a COVID-19 vaccine? Partic-
ipants responding no were asked about their vaccination inten-
tions: How likely are you to get a COVID-19 vaccine? (response
options were definitely will, probably will, probably will not, defi-
nitely will not, not sure). Potential correlates of COVID-19 vaccine
uptake came from the 3 domains of the BeSD framework.”" Ques-
tions from the thinking and feeling domain included risk percep-
tion (concern about COVID-19), confidence in vaccine safety,
and confidence in vaccine importance. From the social processes
domain, NIS-ACM assessed descriptive social norms (how many
of one’s family/friends received a COVID-19 vaccine) and pro-
vider recommendations for COVID-19 vaccination. From the
practical issues domain, the survey assessed whether one’s work
or school requires COVID-19 vaccination and perceived/experi-
enced difficulty of access. Details about the survey questions are
available in Appendix Table 1 (available online). The following
labels were used for HHS Regions: 1:Northeast, 2:New York/New
Jersey (NY/NJ), 3:Appalachia, 4:Southeast, 5:Midwest, 6:South, 7:
Plains, 8:Mountain West, 9:Southwest, and 10:Pacific Northwest.

Statistical Analysis

All percentages and prevalence ratios (PRs) (adjusted or unad-
justed) are weighted. Data were weighted to represent the non-
institutionalized U.S. adult population and calibrated to state-level
vaccine administration data by sex and age group at the mid-point
of each time period. First, analyses examined the time trends in
COVID-19 vaccination first dose coverage, intent, and BeSD vari-
ables to capture the geographic and temporal landscapes of these
variables. These variables were examined nationally and for each
state using percentages and confidence limits for each survey
period, broadly represented by month (e.g., April 22—May
29=May), using data from May 2021 to December 2021 to support
trends over time.

Second, analyses examined the correlates of COVID-19 non-
vaccination in a national logistic regression model with fixed
effects for HHS region and in HHS regionally stratified models.
These models used data from October to December 2021 to high-
light disparities in vaccination coverage and support inferences
about correlates in more recent time periods. Regionally stratified
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models were chosen rather than multilevel models because of the
complex weighting of the data and to allow for independence of
predictors in each region. Predictors included sociodemographic
variables and 5 selected BeSD variables (work/school vaccine
requirement, healthcare provider vaccine recommendation,
friends and family vaccinated, difficulty getting a COVID-19 vac-
cine, and confidence in COVID-19 vaccine importance) selected
using SAS’s PROC VARCLUS (the PROC VARCLUS procedure
is a useful SAS procedure for variable reduction. All variables start
in 1 cluster, then a principal components analysis is done to deter-
mine whether the cluster should be split into 2 clusters. The pro-
cess ends when the eigenvalues of all current clusters fall below
the cut off. In this analysis, the 9 BeSD items were included in the
VARCLUS procedure with a maximum eigenvalue set as 0.75)
variable reduction algorithm from the 9 variables in the BeSD
framework (all variables in Table 1). Initially, the logistic regres-
sion analyses were unadjusted. Next, blockwise models entered
demographic variables and then added BeSD variables to compare
the effect of each variable block with or without adjustments.
Adjusted PRs were generated using logistic regression and predic-
tive marginals. This paper uses the term drivers in alignment with
the BeSD framework, although this study can only assess the cor-
relates of nonvaccination.

Data were analyzed using SAS (version 9.4) and SUDAAN
(version 11.0.1; Research Triangle Institute); figures were gener-
ated in R (version 4.0.3). This research was conducted consistent
with applicable federal law and Centers for Disease Control and
Prevention policy (45 C.E.R. part 46, 21 C.E.R. part 56; 42 U.S.C.
§241[d]; 5 U.S.C. §552a; 44 US.C. §3,501 et seq) and followed
STROBE guidelines.””

RESULTS

Natjonally, coverage with at least 1 dose of a COVID-19
vaccine increased from 60.3% in May to 79.3% in Decem-
ber 2021 among U.S. adults aged >18 years. State vacci-
nation coverage ranged widely, from 43.5% (Mississippi)
to 79.4% (Vermont) in May to 62.5% (West Virginia) to
92.3% (Connecticut) in December (Appendix Figure 1,
available online, and Appendix Table 2, available online).
The prevalence of those who definitely planned to get
vaccinated decreased from 7.1% in May to 1.6% in
December, and the prevalence of those who would proba-
bly get vaccinated or were unsure decreased from 14.9%
in May to 5.8% in December, with considerable variation
(Appendix Tables 3 and 4, available online). Those who
reported that they definitely would not get vaccinated
decreased from 17.7% in May to 132% in December
(Appendix Table 5, available online).

Among persons who remained unvaccinated, changes
in behavioral characteristics from May to December
were apparent (Figure 1 and Appendix Tables 5-8,
available online) because the pool of unvaccinated per-
sons was increasingly populated by those with attitudes
unfavorable toward vaccination. Nationally, 29.7% of
unvaccinated persons had a high-risk perception about
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COVID-19 in May compared with 21.7% in December,
and 24.2% reported confidence in COVID-19 vaccine
safety in May versus 11.6% in December. In December,
unvaccinated persons in NY/NJ had the highest
COVID-19 risk perception (median=26.5%), confidence
in vaccine safety (median=15.4%), and confidence in
vaccine importance (median=31.2%). Unvaccinated per-
sons in the Mountain West and Pacific Northwest gener-
ally had low-risk perception (median=15.0%) and low
confidence in vaccine safety (median=12.0% and 4.8%,
respectively) and importance (median: 12.0% and 22.1%,
respectively). Unvaccinated persons in the Southeast had
low confidence in vaccine safety (median=10.0%) and
average levels of risk perception and confidence in vac-
cine importance.

The proportion of unvaccinated respondents who
reported highly vaccinated social networks stayed stable
at around 30% from May to December (Figure 2 and
Appendix Table 9, available online), whereas 23.6% of
unvaccinated respondents reported that they received a
provider recommendation for COVID-19 vaccination in
May versus 33.3% in December. Unvaccinated respond-
ents in the Northeast reported the strongest supportive
social norms as well as the highest prevalence of pro-
vider recommendation (December median=41.2%) for
COVID-19 vaccination (Appendix Table 10, available
online). Unvaccinated respondents in the Plains and
Mountain West reported lower supportive social norms
and prevalence of provider recommendations. Few
unvaccinated respondents reported a work or school
COVID-19 vaccine requirement (Appendix Table 11,
available online), or anticipated difficulty in getting a
COVID-19 vaccine: 15.6% in May and 11.9% in Decem-
ber (Appendix Table 12, available online).

Unadjusted bivariate associations (Table 1) between
sociodemographic covariates and nonvaccination high-
light disparities in vaccination coverage, with a higher
prevalence of nonvaccination among younger respond-
ents in all regions: PR for age 18—49 years versus age
>65 years: 5.71 (95% CI=5.18, 6.29; range=3.59 [Moun-
tain West]-17.73 [Northeast]). Hispanic persons had a
higher prevalence of nonvaccination than non-Hispanic
(NH) White persons in the Northeast, Plains, and Pacific
Northwest (PR=1.95, 1.32, and 1.45, respectively) and
lower prevalence in the Southeast and South (PR=0.83
and 0.87, respectively). Black NH persons had a higher
prevalence of nonvaccination than White NH persons in
the Northeast (PR=1.54; 95% CI=1.09, 2.19) and lower
prevalence in the South (PR=0.74; 95% CI=0.64, 0.86).

Rural residents (PR=1.66; 95% CI=1.57, 1.76;
range=1.38 [Midwest]-1.96 [Southwest]), individuals
without health insurance (PR=2.11; 95% CI=2.01, 2.21;
range=1.65 [NY/NJ]-3.41 [Northeast]), individuals with
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Table 1. Correlates of COVID-19 Nonvaccination Among Adults Aged >18 Years, National Immunization Survey—Adult COVID-

19 Module, October 2021 —December 2021

Adjusted for
demographic

Adjusted for
demographic +

Variables Unadjusted, variables only, BeSD? variables,
PR (95% Cl) aPR (95% Cl) aPR (95% ClI)

Sex

Male ref ref ref

Female 0.82 (0.79, 0.86) 0.88 (0.85, 0.92) 1.00 (0.97, 1.03)
Race/ethnicity

White non-Hispanic ref ref ref

Black non-Hispanic 1.04 (0.97, 1.10) 0.91(0.86, 0.97) 1.16 (1.10, 1.21)

Hispanic 0.91 (0.86, 0.97) 0.69 (0.65, 0.73) 1.01 (0.97, 1.05)

Other/multirace 0.90 (0.83, 0.98) 0.85 (0.79, 0.91) 1.09(1.03, 1.14)
Age, years

18—-49 5.71 (5.18, 6.29) 5.84 (5.27, 6.47) 2.47 (2.28, 2.68)

50-64 2.96 (2.66, 3.29) 3.04 (2.73, 3.39) 1.67 (1.54, 1.82)

>65 ref ref ref
Urbanicity

MSA, principal city ref ref ref

MSA, nonprincipal city 1.06 (1.01, 1.11) 1.10 (1.05, 1.16) 0.99 (0.96, 1.03)

Non-MSA 1.66 (1.57,1.76) 1.49 (1.41, 1.57) 1.07 (1.02, 1.12)
Insurance status

Uninsured 2.11(2.01,2.21) 1.41 (1.34, 1.48) 1.15 (1.10, 1.20)

Insured ref ref ref
Education level

High school graduate or less 2.55 (2.40,2.71) 2.05 (1.93, 2.18) 1.22(1.17,1.27)

Some college 2.21(2.07,2.35) 1.85 (1.74,1.97) 1.19(1.15, 1.24)

College graduate ref ref ref
Household income

Below poverty” 1.93(1.81, 2.06) 1.45 (1.36, 1.55) 1.24 (1.18,1.31)

Above poverty, <$75,000 1.49 (1.41,1.57) 1.23(1.17, 1.30) 1.13 (1.09, 1.18)

Above poverty, >$75,000 ref ref ref

Unknown income 1.47 (1.39, 1.56) 1.31(1.23, 1.38) 1.10(1.05, 1.15)
HHS region®

1, Northeast: CT, ME, MA, NH, RI, VT ref ref ref

2, New York/New Jersey: NJ, NY 1.21 (1.07, 1.37) 1.29 (1.14, 1.45) 1.06 (0.98, 1.14)

3, Appalachia: DE, DC, MD, PA, VA, WV 1.66 (1.49, 1.86) 1.58 (1.42,1.76) 1.15(1.07,1.23)

4, Southeast: AL, FL, GA, KY, MS, NC, SC, TN 2.67 (2.41,2.94) 2.35(2.13, 2.59) 1.24 (1.17, 1.33)

5, Midwest: IL, IN, MI, MN, OH, WI 2.85 (2.58, 3.16) 2.52(2.28,2.78) 1.37 (1.28, 1.46)

6, South: AR, LA, NM, OK, TX 2.62 (2.37,2.89) 2.31(2.10, 2.55) 1.22(1.14,1.30)

7, Plains: 1A, KS, MO, NE 2.86 (2.55, 3.20) 2.44 (2.18,2.73) 1.27 (1.18, 1.38)

8, Mountain West: CO, MT, ND, SD, UT, WY 2.37 (2.11, 2.66) 2.01(1.79, 2.26) 1.20(1.11, 1.30)

9, Southwest: AZ, CA, HI, NV 1.45(1.29,1.63) 1.50 (1.34, 1.68) 1.09 (1.01, 1.17)

10, Pacific Northwest: AK, ID, OR, WA 2.10 (1.85, 2.38) 1.84 (1.63, 2.09) 1.20(1.10, 1.31)
Thinks a COVID-19 vaccine is important

Not at all/a little important 10.10 (9.65, 10.57) - 5.19 (4.93, 5.47)

Somewhat/very important ref - ref
Healthcare provider recommended vaccine

No 1.68 (1.61, 1.76) - 1.02 (0.99, 1.06)

Yes ref = ref
Friends and family vaccinated

No/some family or friends vaccinated 6.63 (6.33, 6.95) - 1.95 (1.87, 2.04)

(continued on next page)
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Table 1. Correlates of COVID-19 Nonvaccination Among Adults Aged >18 Years, National Immunization Survey—Adult COVID-
19 Module, October 2021—December 2021 (continued)

Adjusted for Adjusted for
demographic demographic +
Variables Unadjusted, variables only, BeSD? variables,
PR (95% Cl) aPR (95% CI) aPR (95% ClI)
Many/Almost all family or friends vaccinated ref - ref
Difficulty getting a COVID-19 vaccine
Very/somewhat difficult 0.89 (0.83, 0.95) - 1.09 (1.04, 1.14)
A little / not at all difficult ref - ref
Work or school requires you to get a COVID-19 vaccine
No 4.19 (3.84, 4.57) - 2.02 (1.89, 2.16)
Yes ref - ref
Unemployed/NA 1.77 (1.58, 1.98) - 1.98 (1.82, 2.15)

aBeSD includes thinking that a COVID-19 vaccine is important (thinking and feeling domain), healthcare provider recommended vaccine and per-
ceived friends and family vaccinated (social processes domain), difficulty in getting a COVID-19 vaccine, and work or school requires you to get ?CO-
VID-19 vaccine (practical issues domain).

PPoverty defined as the 2021 Federal Poverty Level.

°Puerto Rico, U.S. Virgin Islands, and Guam were not included in the models, and thus Puerto Rico and U.S. Virgin Islands were excluded from HHS
Region 2, and Guam was excluded from HHS Region 9.

AK, Alaska; AL, Alabama; aPR, adjusted prevalence ratio; AR, Arkansas; AZ, Arizona; BeSD, Behavioral and Social Drivers of Vaccination; CA, California; CO,
Colorado; CT, Connecticut; DE, Delaware; FL, Florida; GA, Georgja; HI, Hawaii; IA, lowa; ID, Idaho; IL, Illinois; IN, Indiana; KS, Kansas; KY, Kentucky; LA,
Louisiana; MA, Massachusetts; MD, Maryland; ME, Maine; MI, Michigan; MN, Minnesota; MO, Missouri; MS, Mississippi; MSA, metropolitan service area;
MT, Montana; NC, North Carolina; ND, North Dakota; NE, Nebraska; NH, New Hampshire; NJ, New Jersey; NM, New Hampshire; NV, Nevada; NY, New
York; OH, Ohio; OK, Oklahoma; OR, Oregon; PA, Pennsylvania; PR, aPR, prevalence ratio; RI, Rhode Island; SC, South Carolina; SD, South Dakota; TN, Ten-

nessee; TX, Texas; UT, Utah; VA, Virginia; VT, Vermont; WA, Washington; WI, Wisconsin; WV, West Virginia; WY, Wyoming.

a high-school degree (PR=2.55; 95% CI=2.40, 2.71;
range=2.03 [South]-6.18 [Northeast]), and those with
household income <$75,000/year (PR=1.49; 95%
CI=1.41, 1.57; range=1.26 [South]-1.78 [Northeast])
had higher prevalence of nonvaccination than urban res-
idents, those with health insurance, those with a college
degree or higher, or those making >$75,000 a year,
respectively.

After adjusting for BeSD variables (Table 1), the associ-
ation of sociodemographics with nonvaccination was
attenuated. The strongest BeSD predictors of COVID-19
nonvaccination were low confidence in COVID-19 vaccine
importance (adjusted prevalence ratio [aPR]=5.19; 95%
CI=4.93, 547), no work/school vaccine requirement
(aPR=2.02; 95% CI=1.89, 2.16), and nonsupportive social
norms for vaccination (aPR=1.95; 95% CI=1.87, 2.04).
The association between confidence in vaccine importance
and nonvaccination was strongest in the Northeast, NY/
NJ, Mountain West, and Southwest and weakest in the
Southeast, Midwest, South, and Plains (Figure 3). Nonsup-
portive social norms had a stronger association with non-
vaccination in NY/NJ and Appalachia and a weaker
association in the Mountain West. Associations between
healthcare provider recommendations and perceived diffi-
culty in getting vaccinated did not differ across regions.

DISCUSSION

Nationally, COVID-19 vaccination coverage among
adults increased by nearly 20 percentage points from
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May to December 2021, with just more than 20% of
respondents unvaccinated and <6% unsure whether
they would ultimately get vaccinated (reachable) in
December 2021. In December, the largest reachable pop-
ulations were in the Southeast and Midwest, and those
regions will be the focus of the discussion.

Unadjusted associations highlight the disparities in vac-
cination coverage in certain geographic and sociodemo-
graphic groups. Individuals aged 18—49 years had the
lowest prevalence of vaccination, likely highlighting
increased hesitancy and perception that COVID-19 is not
serious given the lower mortality risk among younger per-
sons, agreeing with findings among child care providers.™
Rural residents were less likely to be vaccinated than urban
residents, concurring with published findings,'>”” with the
largest disparity observed in the Southwest and the small-
est in the Southeast and Midwest. Uninsured individuals
had a higher prevalence of nonvaccination than insured
persons; this disparity is consistent with routine adult vac-
cinations, ™ although COVID-19 vaccines are available at
no cost. Insurance status may covary with other indicators
of social vulnerability, acting as a proxy of barriers to vac-
cine access. Community vaccination sites may improve
accessibility to persons without a primary care provider.

Nonuniform (unadjusted) associations between race/
ethnicity and nonvaccination were observed: NH Black
persons had an increased prevalence of nonvaccination
in all regions except in the South, whereas Hispanic per-
sons had an increased prevalence of nonvaccination in
all regions except in the Southeast and South compared
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A) Proportion of unvaccinated respondents reporting they are
‘somewhat/very concerned’ about getting COVID-19: May — Dec 2021
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B) Proportion of unvaccinated respondents reporting they believe the
COVID-19 vaccine is ‘very/completely safe’: May — Dec 2021
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C) Proportion of unvaccinated respondents reporting they believe the
vaccine is important to protect against COVID-19: May — Dec 2021
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Figure 1. Temporal and state variation in behavioral BeSD variables: (A) concern about getting COVID-19, (B) perception that the
COVID-19 vaccine is very/completely safe, and (C) perception that the COVID-19 vaccine is important to protect against COVID-19,
with the national average shown in each facet as the gray line, from May 2021 to December 2021.

AK, Alaska; AL, Alabama; AR, Arkansas; AZ, Arizona; BeSD, Behavioral and Social Drivers of Vaccination; CA, California; CO, Colorado; CT, Connecti-
cut; DE, Delaware; FL, Florida; GA, Georgia; HI, Hawaii; IA, lowa; ID, Idaho; IL, lllinois; IN, Indiana; KS, Kansas; KY, Kentucky; LA, Louisiana; MA, Mas-
sachusetts; MD, Maryland; ME, Maine; MI, Michigan; MN, Minnesota; MO, Missouri; MS, Mississippi; MT, Montana; NC, North Carolina; ND, North
Dakota; NE, Nebraska; NH, New Hampshire; NJ, New Jersey; NM, New Hampshire; NV, Nevada; NY, New York; OH, Ohio; OK, Oklahoma; OR, Oregon;
PA, Pennsylvania; RI, Rhode Island; SC, South Carolina; SD, South Dakota; TN, Tennessee; TX, Texas; UT, Utah; VA, Virginia; VT, Vermont; WA, Wash-
ington; WI, Wisconsin; WV, West Virginia; WY, Wyoming.
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A) Proportion of unvaccinated respondents reporting many/almost all family and

friends are vaccinated: May — Dec 2021
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B) Proportion of unvaccinated respondents reporting they received a provider
recommendation to get the COVID-19 vaccine: May — Dec 2021
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C) Proportion of unvaccinated respondents reporting they anticipated
some/moderate difficulty getting a COVID-19 vaccine: May — Dec 2021
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D) Proportion of unvaccinated respondents reporting they could get a
COVID-19 vaccine if they wanted to: May — Dec 2021
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Figure 2. Temporal and state variation in BeSD social processes and practical issues variables: (A) perceived proportion of friends
and family who have been vaccinated against COVID-19, (B) proportion who have received a provider recommendation for the
COVID-19 vaccine, (C) proportion reporting anticipated difficulty in getting a COVID-19 vaccine, (D) proportion reporting that they
could get a COVID-19 vaccine if they wanted to (self-efficacy), with the national average shown in each facet as the gray line, from

May 2021 to December 2021.

Note: Region 1, Northeast: CT, ME, MA, NH, RI, VT; Region 2: NJ, NY; Region 3, Appalachia: DE, DC, MD, PA, VA, WV; Region 4, Southeast: AL, FL, GA,
KY, MS, NC, SC, TN; Region 5, Midwest: IL, IN, MI, MN, OH, WI; Region 6, South: AR, LA, NM, OK, TX; Region 7, Plain: IA, KS, MO, NE Region 8, Moun-
tain West: CO, MT, n.d., SD, UT, WY; Region 9, Southwest: AZ, CA, HI, NV; and Region 10, Pacific Northwest: AK, ID, OR, WA.

AK, Alaska; AL, Alabama; AR, Arkansas; AZ, Arizona; BeSD, Behavioral and Social Drivers of Vaccination; CA, California; CO, Colorado; CT, Connecti-
cut; DE, Delaware; FL, Florida; GA, Georgia; HI, Hawaii; 1A, lowa; ID, Idaho; IL, lllinois; IN, Indiana; KS, Kansas; KY, Kentucky; LA, Louisiana; MA, Mas-
sachusetts; MD, Maryland; ME, Maine; MI, Michigan; MN, Minnesota; MO, Missouri; MS, Mississippi; MT, Montana; NC, North Carolina; ND, North
Dakota; NE, Nebraska; NH, New Hampshire; NJ, New Jersey; NM, New Hampshire; NV, Nevada; NY, New York; OH, Ohio; OK, Oklahoma; OR, Oregon;
PA, Pennsylvania; RI, Rhode Island; SC, South Carolina; SD, South Dakota; TN, Tennessee; TX, Texas; UT, Utah; VA, Virginia; VT, Vermont; WA, Wash-

ington; WI, Wisconsin; WV, West Virginia; WY, Wyoming.

with NH White persons. Data from January—March
2021" showed that NH Black persons were less likely
to have received or intend to receive vaccination than
NH White persons, although these differences have
decreased over time."'

Because individuals who viewed vaccination more
favorably were ultimately vaccinated by December 2021,
a survival bias** is apparent where the composition of
the unvaccinated group increasingly comprised those
reluctant to get vaccinated. In the Southeast, concern
about COVID-19 among the unvaccinated decreased
from May to June and sharply increased in August as
the region faced a summer surge because of the Delta
variant. Concern about COVID-19 in the Midwest fol-
lowed largely the same pattern. This finding supports
research that has shown that higher COVID-19
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mortality rates at the county level were associated with
increased COVID-19 risk perception.”” Confidence in
vaccine safety and importance followed similar trends
for the 2 regions; respondents were more confident in
COVID-19 vaccine importance than safety, consistent
with the KFF November COVID-19 Vaccine Monitor.**
Unvaccinated persons in the Southeast had low median
confidence in vaccine safety in December 2021, ranging
from 5.5% (Florida) to 18.0% (North Carolina). The per-
sistently low confidence in vaccine safety highlights the
value in tailoring messages to promote safety in regions
with higher COVID-19 risk perceptions.

Previous research has highlighted the power of social
norms to influence health behavior, with evidence that
these results extend to vaccination decisions.”” Trends
in social norms varied widely in the Southeast: the
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Figure 3. Dot plots depicting the regional aPR in gray of 5 BeSD variables with nonvaccination for each HHS region compared with
the national aPR in black, from October—December 2021.

Note: The BeSD variables included in this figure are requirement (comparing no vaccination requirement for work or school with having a vaccination
requirement), access (those who felt that it was/would be somewhat/very difficult to get the COVID-19 vaccine compared with those who reported
not at all/a little difficult), social norms (no/some family or friends vaccinated versus most/almost all family or friends vaccinated), recommendation
(nonreceipt of a healthcare provider recommendation compared with receipt of a recommendation), and importance (those who felt that the vac-
cines were not or only somewhat important compared with those who felt that they were moderately or very important). Region 1, Northeast: CT, ME,
MA, NH, RI, VT, Region 2: NJ, NY; Region 3, Appalachia: DE, DC, MD, PA, VA, WV; Region 4, Southeast: AL, FL, GA, KY, MS, NC, SC, TN; Region 5, Mid-
west: IL, IN, MI, MN, OH, WI; Region 6, South: AR, LA, NM, OK, TX; Region 7, Plains: IA, KS, MO, NE Region 8, Mountain West: CO, MT, ND, SD, UT,
WY; Region 9, Southwest: AZ, CA, HI, NV; and Region 10, Pacific Northwest: AK, ID, OR, WA.

AK, Alaska; AL, Alabama; aPR, adjusted prevalence ratio; AR, Arkansas; AZ, Arizona; BeSD, Behavioral and Social Drivers of Vaccination; CA, Califor-
nia; CO, Colorado; CT, Connecticut; DE, Delaware; FL, Florida; GA, Georgia; HI, Hawaii; IA, lowa; ID, Idaho; IL, lllinois; IN, Indiana; KS, Kansas; KY, Ken-
tucky; LA, Louisiana; MA, Massachusetts; MD, Maryland; ME, Maine; MI, Michigan; MN, Minnesota; MO, Missouri; MS, Mississippi; MT, Montana; NC,
North Carolina; ND, North Dakota; NE, Nebraska; NH, New Hampshire; NJ, New Jersey; NM, New Hampshire; NV, Nevada; NY, New York; OH, Ohio;
OK, Oklahoma; OR, Oregon; PA, Pennsylvania; RIl, Rhode Island; SC, South Carolina; SD, South Dakota; TN, Tennessee; TX, Texas; UT, Utah; VA, Vir-

ginia; VT, Vermont; WA, Washington; WI, Wisconsin; WV, West Virginia; WY, Wyoming.

proportion of unvaccinated respondents in North Car-
olina reporting supportive social norms nearly doubled
from May to December 2021 and decreased in Florida.
Areas where these trends decreased may highlight
strong social clustering of nonvaccination within social
networks. The low proportion of unvaccinated
respondents reporting supportive social norms of vacci-
nation highlights that many states may contain pockets
of low vaccination coverage and be at risk of larger
COVID-19 outbreaks.”*>*

Unvaccinated respondents in the Southeast had a low
prevalence of provider recommendation (lowest in
North Carolina, South Carolina, and Tennessee),
whereas unvaccinated persons in the Midwest had a
higher prevalence (highest in Michigan and Ohio).
Nguyen et al. showed that adults who received a pro-
vider recommendation for COVID-19 vaccination were
more likely to be vaccinated and to believe that COVID-
19 vaccines are safe—highlighting that especially in the

Southeast, efforts to increase provider recommendations
are warranted.”® Those without a vaccine requirement
for work or school were more likely to be unvaccinated,
highlighting that vaccine mandates can be effective for
increasing vaccination coverage.*®

Hispanic and other/multiracial persons had a lower
prevalence of nonvaccination, whereas those aged
<64 years, rural residents, those who were uninsured,
those who had less than a college degree, or those who
made <$75,000/year had a higher prevalence of nonvac-
cination, all in unadjusted analyses. After adjustment for
BeSD variables, many of these demographic associations
were attenuated or disappeared, suggesting that BeSD
factors may be the underlying drivers of nonvaccination
to explain these disparities. Persons aged <64 years,
uninsured persons, those with less than a college degree,
and those below poverty continued to have higher preva-
lence of nonvaccination after adjustment, potentially
indicating unmeasured barriers to getting COVID-19
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vaccination for these groups or modified associations
among the BeSD domains. In regions where sociodemo-
graphic factors remained associated with nonvaccination
after adjustment for BeSD variables, a rapid community
assessment’~ and targeted data-driven interventions
may be warranted to identify and overcome specific bar-
riers to vaccination, including distrust and vaccine hesi-
tancy. Strategic partnerships with community partners
working with these populations will be important to
improve vaccine confidence and rebuild trust.

This study has several strengths. NIS-ACM data
include more complete demographic information than
vaccine administration data, along with social and
behavioral drivers of vaccination. In addition, this analy-
sis explicitly assessed constructs theorized to influence
vaccination motivation and behavior, which may pro-
vide actionable insights for practitioners. In addition,
assessment of geographic variability of sociodemo-
graphic and BeSD factors may allow practitioners and
policy makers to home in on actions that would be par-
ticularly impactful in their own unique context.

Limitations

Several limitations should be considered when interpret-
ing these findings. First, NIS-ACM has a low response
rate, introducing the potential for nongeneralizability to
the overall U.S. population. Second, COVID-19 vaccina-
tion status and intent were self-reported and may be
subject to recall or social desirability bias. Survey weights
were calibrated to COVID-19 vaccine administration
data to mitigate possible bias from incomplete sample
frame, nonresponse, and misclassification of vaccination
status. Third, causality cannot be inferred from cross-
sectional data, multivariable results may not accurately
reflect the complex causal chain among BeSD and socio-
demographic factors, the BeSD variables included in the
model may represent multiple domains (e.g., confidence
in vaccine importance clustering with confidence in vac-
cine safety), and possible differential associations of
BeSD variables with nonvaccination by sociodemo-
graphic characteristics were not considered. Finally, the
sample was limited to the non-institutionalized adult U.
S. population.

CONCLUSIONS

This study identified geographic and temporal trends in
vaccination uptake and intent, geographic and demo-
graphic disparities in nonvaccination, and underlying
behavioral and social drivers of nonvaccination. From
October to December 2021, confidence in COVID-19
vaccine importance was the strongest predictor of non-
vaccination. As such, focused messaging about the
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benefits of vaccinations compared with the risks,
highlighting the safety of COVID-19 vaccinations,
remains a priority. In addition, adults in rural areas and
those with less than a college degree, those without
insurance, those making <$75,000/year, and those aged
<65 years had a higher prevalence of nonvaccination
across all regions, whereas the associations between vac-
cination and race/ethnicity were variable by region. This
analysis shows the importance of population-based sur-
veys to document changes in how people think and feel
about COVID-19 vaccines to inform communication
strategies. As public health practitioners try to reach
more diverse and vaccine-hesitant groups, it is essential
to understand practical and behavioral barriers to vacci-
nation and work to gain the public’s trust and confi-
dence in COVID-19 vaccines. Significant geographic
heterogeneity in associations between demographic vari-
ables and BeSD variables and nonvaccination support
localized interventions.

CREDIT AUTHORSHIP CONTRIBUTION
STATEMENT

Nina B. Masters: Conceptualization, Formal analysis,
Investigation, Methodology, Visualization, Writing —
original draft, Writing — review & editing. Tianyi Zhou:
Formal analysis, Methodology, Validation. Lu Meng:
Data curation, Formal analysis, Writing — review & edit-
ing. Peng-Jun Lu: Conceptualization, Formal analysis,
Methodology, Writing — review & editing. Jennifer L.
Kriss: Methodology, Writing — review & editing. Carla
Black: Methodology, Writing — review & editing. Amel
Omari: Methodology, Writing — review & editing.
Kwanza Boone: Writing — original draft, Writing —
review & editing. Debora Weiss: Writing — review &
editing. Rosalind J. Carter: Methodology, Writing —
review & editing. Noel T. Brewer: Methodology, Writ-
ing — review & editing. James A. Singleton: Conceptu-
alization, Methodology, Supervision, Writing — review
& editing.

ACKNOWLEDGMENTS

The findings and conclusions in this report are those of the
authors and do not necessarily represent the official position of
the U.S. Centers for Disease Control and Prevention.

NTB has served as a paid consultant to Merck, Novartis,
Centers for Disease Control and Prevention, and WHO on
projects related to COVID-19 vaccination and human papillo-
mavirus vaccination. No other financial disclosures were
reported.



10

Masters et al / Am ] Prev Med 2022;000(000):1—11

SUPPLEMENTAL MATERIAL

Supplemental materials associated with this article can be
found in the online version at https://doi.org/10.1016/].
amepre.2022.06.016.

REFERENCES

1.

10.

11.

12.

13.

COVID data tracker: COVID-19 vaccinations in the United States.
Centers for Disease Control and Prevention. https://covid.cdc.gov/
covid-data-tracker/#vaccinations_vacc-total-admin-rate-total. Updated
July 20, 2022. Accessed April 13, 2022.

. COVID-19 vaccinations in the United States, jurisdiction. Centers for

Disease Control and Prevention. https://data.cdc.gov/Vaccinations/
COVID-19-Vaccinations-in-the-United-States-Jurisdi/unsk-b7fc. Updated
July 16, 2022. Accessed April 13, 2022.

. Nguyen KH, Nguyen K, Corlin L, Allen JD, Chung M. Changes in

COVID-19 vaccination receipt and intention to vaccinate by socioeco-
nomic characteristics and geographic area, United States, January 6
—March 29, 2021. Ann Med. 2021;53(1):1419-1428. https://doi.org/
10.1080/07853890.2021.1957998.

. Tolbert J, Orgera K, Garfield R, Kates J, Artiga S. Vaccination is local:

COVID-19 vaccination rates vary by county and key characteristics.
San Francisco, CA: Kaiser Family Foundation. https://www.kff.org/
coronavirus-covid-19/issue-brief/vaccination-is-local-covid-19-vacci-
nation-rates-vary-by-county-and-key-characteristics/. Published May
12, 2021. Accessed April 13, 2022.

. Malik AA, McFadden SM, Elharake J, Omer SB. Determinants of

COVID-19 vaccine acceptance in the U.S. EClinicalMedicine.
2020;26:100495. https://doi.org/10.1016/j.eclinm.2020.100495.

. Tiu A, Susswein Z, Merritt A, Bansal S. Characterizing the spatiotem-

poral heterogeneity of the COVID-19 vaccination landscape. Am |
Epidemiol. In press. Online April 27, 2022. https://doi.org/10.1093/
aje/kwac080.

. DePasquale R. Covid news: U.S. Daily Record for cases is broken. The

New York Times; December 28, 2021. Accessed April 13, 2022.
https://www.nytimes.com/live/2021/12/28/world/omicron-covid-vac-
cine-tests.

. Phadke VK, Bednarczyk RA, Salmon DA, Omer SB. Association

between vaccine refusal and vaccine-preventable diseases in the
United States: a review of measles and pertussis [published correction
appears in JAMA. 2016;315(19):2125] [published correction appears
in JAMA. 2016315 (19):2125]. JAMA. 2016;315(11):1149-1158.
https://doi.org/10.1001/jama.2016.1353.

. Truelove SA, Graham M, Moss W], Metcalf CJE, Ferrari MJ, Lessler J.

Characterizing the impact of spatial clustering of susceptibility for
measles elimination. Vaccine. 2019;37(5):732-741. https://doi.org/
10.1016/j.vaccine.2018.12.012.

Diesel J, Sterrett N, Dasgupta S, et al. COVID-19 vaccination coverage
among adults - United States, December 14, 2020-May 22, 2021.
MMWR Morb Mortal Wkly Rep. 2021;70(25):922-927. https://doi.
org/10.15585/mmwr.mm7025el.

Murthy BP, Sterrett N, Weller D, et al. Disparities in COVID-19 vacci-
nation coverage between urban and rural counties - United States,
December 14, 2020-April 10, 2021. MMWR Morb Mortal Wkly Rep.
2021;70(20):759-764. https://doi.org/10.15585/mmwr.mm7020e3.
Saelee R, Zell E, Murthy BP, et al. Disparities in COVID-19 vaccina-
tion coverage between urban and rural counties - United States,
December 14, 2020-January 31, 2022. MMWR Morb Mortal Wkly
Rep. 2022;71(9):335-340. https://doi.org/10.15585/mmwr.mm7109a2.
Hughes MM, Wang A, Grossman MK, et al. County-level COVID-19
vaccination coverage and social vulnerability - United States, Decem-
ber 14, 2020-March 1, 2021. MMWR Morb Mortal Wkly Rep. 202170
(12):431-436. https://doi.org/10.15585/mmwr.mm7012el.

14.

15.

16.

17.

18.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

Barry V, Dasgupta S, Weller DL, et al. Patterns in COVID-19 vaccina-
tion coverage, by social vulnerability and urbanicity - United States,
December 14, 2020-May 1, 2021. MMWR Morb Mortal Wkly Rep.
2021;70(22):818-824. https://doi.org/10.15585/mmwr.mm?7022el.
Nguyen KH, Anneser E, Toppo A, Allen JD, Scott Parott ], Corlin L.
Disparities in national and state estimates of COVID-19 vaccination
receipt and intent to vaccinate by race/ethnicity, income, and age
group among adults > 18 years, United States. Vaccine. 2022;40
(1):107-113. https://doi.org/10.1016/j.vaccine.2021.11.040.

Abraham P, Williams E, Bishay AE, Farah I, Tamayo-Murillo D, New-
ton IG. The roots of structural racism in the United States and their
manifestations during the COVID-19 pandemic. Acad Radiol.
2021;28(7):893-902. https://doi.org/10.1016/j.acra.2021.03.025.
Robichaux C, Sauerland J. The social determinants of health, COVID-
19, and structural competence. Online ] Issues Nurs. 2021;26(2):2.
https://doi.org/10.3912/OJIN.Vol26No02PPT67.

Razai MS, Kankam HKN, Majeed A, Esmail A, Williams DR. Mitigat-
ing ethnic disparities in covid-19 and beyond. BMJ. 2021;372:m4921.
https://doi.org/10.1136/bmj.m4921.

. Salmon DA, Dudley MZ, Glanz JM, Omer SB. Vaccine hesitancy:

causes, consequences, and a call to action. Am ] Prev Med. 2015;49(6):
$391-5398 (suppl 4). https://doi.org/10.1016/j.amepre.2015.06.009.
Khubchandani J, Sharma S, Price JH, Wiblishauser M]J, Sharma M,
Webb FJ. COVID-19 vaccination hesitancy in the United States: a
rapid national assessment. ] Community Health. 2021;46(2):270-277.
https://doi.org/10.1007/s10900-020-00958-x.

World Health Organization. Development of tools to measure behav-
ioral and social drivers (BeSD) of vaccination: progress report.
Geneva, Switzerland: World Health Organization. https://cdn.who.
int/media/docs/default-source/immunization/besd_progress_report_-
june2020.pdf?sfvrsn=10a67e¢75_3. Published June 2020. Accessed
April 13, 2022.

World Health Organization. Data for action: achieving high uptake of
COVID-19 vaccines. Geneva, Switzerland: World Health Organiza-
tion. https://www.who.int/publications/i/item/WHO-2019-nCoV-vac-
cination-demand-planning-2021.1. Published April 1, 2021. Accessed
April 13, 2022.

Troiano G, Nardi A. Vaccine hesitancy in the era of COVID-19. Pub-
lic Health. 2021;194:245-251. https://doi.org/10.1016/j.puhe.2021.02.
025.

Poll PC. Most Americans worry political pressure will lead to prema-
ture approval of a COVID-19 vaccine; half say they would not get a
free vaccine approved before Election Day. San Francisco, CA: Kaiser
Family Foundation. https://www.kff.org/coronavirus-covid-19/press-
release/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/. Published Septem-
ber 10, 2020. Accessed April 13, 2022.

Baack BN, Abad N, Yankey D, et al. COVID-19 vaccination coverage
and intent among adults aged 18—39 years - United States, March
—May 2021. MMWR Morb Mortal Wkly Rep. 2021;70(25):928-933.
https://doi.org/10.15585/mmwr.mm7025e2.

Agranov M, Elliott M, Ortoleva P. The importance of Social Norms
against Strategic Effects: the case of Covid-19 vaccine uptake. Econ
Lett. 2021;206:109979. https://doi.org/10.1016/j.econlet.2021.109979.
Dai H, Saccardo S, Han MA, et al. Behavioural nudges increase
COVID-19 vaccinations. Nature. 2021;597(7876):404-409. https://
doi.org/10.1038/s41586-021-03843-2.

Nguyen KH, Yankey D, Lu PJ, et al. Report of health care provider
recommendation for COVID-19 vaccination among adults, by recipi-
ent COVID-19 vaccination status and attitudes - United States, April-
September 2021. MMWR Morb Mortal Wkly Rep. 2021;70(50):1723—
1730. https://doi.org/10.15585/mmwr.mm7050al.

Oh NL, Biddell CB, Rhodes BE, Brewer NT. Provider communica-
tion and HPV vaccine uptake: a meta-analysis and systematic

www.ajpmonline.org


https://doi.org/10.1016/j.amepre.2022.06.016
https://doi.org/10.1016/j.amepre.2022.06.016
https://covid.cdc.gov/covid-data-tracker/#vaccinations_vacc-total-admin-rate-total
https://covid.cdc.gov/covid-data-tracker/#vaccinations_vacc-total-admin-rate-total
https://data.cdc.gov/Vaccinations/COVID-19-Vaccinations-in-the-United-States-Jurisdi/unsk-b7fc
https://data.cdc.gov/Vaccinations/COVID-19-Vaccinations-in-the-United-States-Jurisdi/unsk-b7fc
https://doi.org/10.1080/07853890.2021.1957998
https://doi.org/10.1080/07853890.2021.1957998
https://www.kff.org/coronavirus-covid-19/issue-brief/vaccination-is-local-covid-19-vaccination-rates-vary-by-county-and-key-characteristics/
https://www.kff.org/coronavirus-covid-19/issue-brief/vaccination-is-local-covid-19-vaccination-rates-vary-by-county-and-key-characteristics/
https://www.kff.org/coronavirus-covid-19/issue-brief/vaccination-is-local-covid-19-vaccination-rates-vary-by-county-and-key-characteristics/
https://doi.org/10.1016/j.eclinm.2020.100495
https://doi.org/10.1093/aje/kwac080
https://doi.org/10.1093/aje/kwac080
https://www.nytimes.com/live/2021/12/28/world/omicron-covid-vaccine-tests
https://www.nytimes.com/live/2021/12/28/world/omicron-covid-vaccine-tests
https://doi.org/10.1001/jama.2016.1353
https://doi.org/10.1016/j.vaccine.2018.12.012
https://doi.org/10.1016/j.vaccine.2018.12.012
https://doi.org/10.15585/mmwr.mm7025e1
https://doi.org/10.15585/mmwr.mm7025e1
https://doi.org/10.15585/mmwr.mm7020e3
https://doi.org/10.15585/mmwr.mm7109a2
https://doi.org/10.15585/mmwr.mm7012e1
https://doi.org/10.15585/mmwr.mm7022e1
https://doi.org/10.1016/j.vaccine.2021.11.040
https://doi.org/10.1016/j.acra.2021.03.025
https://doi.org/10.3912/OJIN.Vol26No02PPT67
https://doi.org/10.1136/bmj.m4921
https://doi.org/10.1016/j.amepre.2015.06.009
https://doi.org/10.1007/s10900-020-00958-x
https://cdn.who.int/media/docs/default-source/immunization/besd_progress_report_june2020.pdf?sfvrsn=10a67e75_3
https://cdn.who.int/media/docs/default-source/immunization/besd_progress_report_june2020.pdf?sfvrsn=10a67e75_3
https://cdn.who.int/media/docs/default-source/immunization/besd_progress_report_june2020.pdf?sfvrsn=10a67e75_3
https://www.who.int/publications/i/item/WHO-2019-nCoV-vaccination-demand-planning-2021.1
https://www.who.int/publications/i/item/WHO-2019-nCoV-vaccination-demand-planning-2021.1
https://doi.org/10.1016/j.puhe.2021.02.025
https://doi.org/10.1016/j.puhe.2021.02.025
https://www.kff.org/coronavirus-covid-19/press-release/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/
https://www.kff.org/coronavirus-covid-19/press-release/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/
https://www.kff.org/coronavirus-covid-19/press-release/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/
https://www.kff.org/coronavirus-covid-19/press-release/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/
https://doi.org/10.15585/mmwr.mm7025e2
https://doi.org/10.1016/j.econlet.2021.109979
https://doi.org/10.1038/s41586-021-03843-2
https://doi.org/10.1038/s41586-021-03843-2
https://doi.org/10.15585/mmwr.mm7050a1

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Masters et al / Am J Prev Med 2022;000(000):1—11 11

review. Prev Med. 2021;148:106554. https://doi.org/10.1016/j.
ypmed.2021.106554.

Opel DJ, Mangione-Smith R, Robinson JD, et al. The influence of pro-
vider communication behaviors on parental vaccine acceptance and
visit experience. Am J Public Health. 2015;105(10):1998-2004. https://
doi.org/10.2105/AJPH.2014.302425.

Dhar A, Green B, Kohli J, Korenda L, Overman J. Can more U.S. con-
sumers be swayed to take the COVID-19 vaccine? Overcoming access,
trust, hesitancy, and other barriers. Beirut, Lebanon: Deloitte. https://
www2.deloitte.com/xe/en/insights/industry/health-care/vaccine-
access-trust-barriers-to-vaccination.html. Published November 10,
2021. Accessed April 13, 2022.

Hamel L, Lopes L, Sparks G, Stokes M, Brodie M. KFF COVID-19
vaccine Monitor. San Francisco, CA: Kaiser Family Foundation.
https://www.kff.org/coronavirus-covid-19/poll-finding/kff-covid-19-
vaccine-monitor-april-2021/. Published May 6, 2021. Accessed April
13, 2022.

Centers for Disease Control and Prevention. NIS Adult COVID mod-
ule (NIS-ACM) hard copy Questionnaire: Q4/2021. Atlanta, GA:
Centers for Disease Control and Prevention. https://www.cdc.gov/vac-
cines/imz-managers/nis/downloads/NIS-ACM-Questionnaire-Q4-
2021.pdf. Published 2021. Accessed April 13, 2022.

About the National Immunization Surveys (NIS). Centers for Disease
Control and Prevention. https://www.cdc.gov/vaccines/imz-managers/
nis/about.html. Updated January 23, 2018. Accessed April 13, 2022.
Centers for Disease Control and Prevention. National immunization
survey-child: a user's guide for the 2020 public-use data file. Atlanta,
GA: Centers for Disease Control and Prevention. https://www.cdc.
gov/vaccines/imz-managers/nis/downloads/NIS-PUF20-DUG.pdf.
Published December 2021. Accessed April 13, 2022.

Wolter KM, Smith PJ, Khare M. Statistical methodology of the
national immunization survey, 2005—2014. Vital Health Stat. 2017;1
(61):1-107. Accessed August 4, 2022. https://www.cdc.gov/nchs/data/
series/sr_01/sr01_061.pdf.

von Elm E, Altman DG, Egger M, et al. The Strengthening the Report-
ing of Observational Studies in Epidemiology (STROBE) statement:
guidelines for reporting observational studies. Bull World Health
Organ. 2007;85(11):867-872. https://doi.org/10.2471/blt.07.045120.
Patel KM, Malik AA, Lee A, et al. COVID-19 vaccine uptake among
US. child care providers. Pediatrics. 2021;148(5):e2021053813.
https://doi.org/10.1542/peds.2021-053813.

Sparks G, Hamel L, Kirzinger A, Stokes M, Brodie M. KFF COVID-19
vaccine Monitor: differences in vaccine attitudes between rural, subur-
ban, and urban areas. San Francisco, CA: Kaiser Family Foundation.
https://www.kff.org/coronavirus-covid-19/poll-finding/kff-covid-19-

12022

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

vaccine-monitor-vaccine-attitudes-rural-suburban-urban/. Published
December 21, 2021. Accessed April 13, 2022.

Lu PJ, O’Halloran A, Williams WW. Impact of health insurance status
on vaccination coverage among adult populations. Am ] Prev Med.
2015;48(6):647-661. https://doi.org/10.1016/j.amepre.2014.12.008.
COVID-19 vaccination coverage and vaccine confidence. Centers for
Disease Control and Prevention. https://www.cdc.gov/vaccines/imz-
managers/coverage/covidvaxview/interactive.html. Updated Novem-
ber 3, 2021. Accessed April 13, 2022.

Zhou Z, Rahme E, Abrahamowicz M, Pilote L. Survival bias associated
with time-to-treatment initiation in drug effectiveness evaluation: a
comparison of methods. Am J Epidemiol. 2005;162(10):1016-1023.
https://doi.org/10.1093/aje/kwi307.

Elharake JA, Shafiqg M, McFadden SM, Malik AA, Omer SB. The asso-
ciation of coronavirus disease 2019 risk perception, county death
rates, and voluntary health behaviors among United States adult pop-
ulation. J Infect Dis. 2022;225(4):593-597. https://doi.org/10.1093/
infdis/jiab131.

Kirzinger A, Sparks G, Kearney A, Stokes M, Hamel L, Brodie M. KFF
COVID-19 vaccine monitor. San Francisco, CA: Kaiser Family Foun-
dation.  https://www.kff.org/coronavirus-covid-19/poll-finding/kff-
covid-19-vaccine-monitor-november-2021/. Published December 2,
2021. Accessed April 13, 2022.

Brewer NT, Chapman GB, Rothman AJ, Leask J, Kempe A. Increasing
vaccination: putting psychological science into action. Psychol Sci Public
Interest. 2017;18(3):149-207. https://doi.org/10.1177/1529100618760521.
Masters NB, Eisenberg MC, Delamater PL, Kay M, Boulton ML, Zel-
ner J. Fine-scale spatial clustering of measles nonvaccination that
increases outbreak potential is obscured by aggregated reporting data.
Proc Natl Acad Sci U S A. 2020;117(45):28506-28514. https://doi.org/
10.1073/pnas.2011529117.

Susswein Z, Valdano E, Brett T, Rohani P, Colizza V, Bansal S. Ignor-
ing spatial heterogeneity in drivers of SARS-CoV-2 transmission
in the U.S. will impede sustained elimination. medRxiv. Preprint.
Online August 10, 2021. https://doi.org/10.1101/2021.08.09.21261807.
Accessed August 4, 2022.

Omer SB, Benjamin RM, Brewer NT, et al. Promoting COVID-19 vac-
cine acceptance: recommendations from the Lancet Commission on
Vaccine Refusal, Acceptance, and Demand in the USA. Lancet.
2021;398(10317):2186-2192. https://doi.org/10.1016/S0140-6736(21)
02507-1.

COVID-19 vaccine confidence rapid community assessment guide.
Centers for Disease Control and Prevention. https://www.cdc.gov/vac-
cines/covid-19/vaccinate-with-confidence/rca-guide/index.html.
Updated April 11, 2022. Accessed April 13, 2022.


https://doi.org/10.1016/j.ypmed.2021.106554
https://doi.org/10.1016/j.ypmed.2021.106554
https://doi.org/10.2105/AJPH.2014.302425
https://doi.org/10.2105/AJPH.2014.302425
https://www2.deloitte.com/xe/en/insights/industry/health-care/vaccine-access-trust-barriers-to-vaccination.html
https://www2.deloitte.com/xe/en/insights/industry/health-care/vaccine-access-trust-barriers-to-vaccination.html
https://www2.deloitte.com/xe/en/insights/industry/health-care/vaccine-access-trust-barriers-to-vaccination.html
https://www.kff.org/coronavirus-covid-19/poll-finding/kff-covid-19-vaccine-monitor-april-2021/
https://www.kff.org/coronavirus-covid-19/poll-finding/kff-covid-19-vaccine-monitor-april-2021/
https://www.cdc.gov/vaccines/imz-managers/nis/downloads/NIS-ACM-Questionnaire-Q4-2021.pdf
https://www.cdc.gov/vaccines/imz-managers/nis/downloads/NIS-ACM-Questionnaire-Q4-2021.pdf
https://www.cdc.gov/vaccines/imz-managers/nis/downloads/NIS-ACM-Questionnaire-Q4-2021.pdf
https://www.cdc.gov/vaccines/imz-managers/nis/about.html
https://www.cdc.gov/vaccines/imz-managers/nis/about.html
https://www.cdc.gov/vaccines/imz-managers/nis/downloads/NIS-PUF20-DUG.pdf
https://www.cdc.gov/vaccines/imz-managers/nis/downloads/NIS-PUF20-DUG.pdf
https://www.cdc.gov/nchs/data/series/sr_01/sr01_061.pdf
https://www.cdc.gov/nchs/data/series/sr_01/sr01_061.pdf
https://doi.org/10.2471/blt.07.045120
https://doi.org/10.1542/peds.2021-053813
https://www.kff.org/coronavirus-covid-19/poll-finding/kff-covid-19-vaccine-monitor-vaccine-attitudes-rural-suburban-urban/
https://www.kff.org/coronavirus-covid-19/poll-finding/kff-covid-19-vaccine-monitor-vaccine-attitudes-rural-suburban-urban/
https://doi.org/10.1016/j.amepre.2014.12.008
https://www.cdc.gov/vaccines/imz-managers/coverage/covidvaxview/interactive.html
https://www.cdc.gov/vaccines/imz-managers/coverage/covidvaxview/interactive.html
https://doi.org/10.1093/aje/kwi307
https://doi.org/10.1093/infdis/jiab131
https://doi.org/10.1093/infdis/jiab131
https://www.kff.org/coronavirus-covid-19/poll-finding/kff-covid-19-vaccine-monitor-november-2021/
https://www.kff.org/coronavirus-covid-19/poll-finding/kff-covid-19-vaccine-monitor-november-2021/
https://doi.org/10.1177/1529100618760521
https://doi.org/10.1073/pnas.2011529117
https://doi.org/10.1073/pnas.2011529117
https://doi.org/10.1101/2021.08.09.21261807
https://doi.org/10.1016/S0140-6736(21)02507-1
https://doi.org/10.1016/S0140-6736(21)02507-1
https://www.cdc.gov/vaccines/covid-19/vaccinate-with-confidence/rca-guide/index.html
https://www.cdc.gov/vaccines/covid-19/vaccinate-with-confidence/rca-guide/index.html

