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VaC?‘EAUOT" N Background: The inability to achieve high COVID-19 vaccination rates can continue to have serious harm to
sjlilitc HS:;l;\l,tl;es Researd our communities. Vaccine hesitancy is a major barrier towards high vaccination rates. We evaluated the rela-

tionship between COVID-19 vaccine uptake and vaccine hesitancy, and then examined whether community

factors were associated with COVID-19 vaccine uptake and hesitancy.

Methods: We constructed and evaluated a cross-sectional, county-level dataset that included the levels of

vaccination uptake and vaccine hesitancy, and population characteristics based on those included in the

CDC'’s Social Vulnerability Index.

Results: Across 3142 US counties, vaccine hesitancy was significantly and negatively correlated with vaccine

uptake rates (r=-0.06, P value <.01). The 2 predictors associated with a low vaccination level within highly

hesitant communities were: no high school education (OR:0.70, P value <.001), and concern on vaccine avail-

ability and distribution (CVAC) (OR:0.00, P value <.001). The most common reason driving vaccine hesitancy

was lack of trust in COVID-19 vaccines (55%), followed by concerns around side effects of the vaccine (48%),

and lack of trust in government (46%).

Conclusions: COVID-19 vaccine hesitancy is a public health threat. Our findings suggest that low education

levels are a major contributor to vaccine hesitancy and ultimately vaccination levels. Since education levels

are not easily modifiable, our results suggest that policymakers would be best served by closing knowledge

gaps to overcome negative perceptions of the vaccine through tailored interventions.

© 2022 Association for Professionals in Infection Control and Epidemiology, Inc. Published by Elsevier Inc. All
rights reserved.

As of May 30, 2021 approximately only 50% of the total US adult
population received full vaccination against the severe acute respira-
tory syndrome coronavirus 2 (SARS-CoV-2) after the resulting novel
coronavirus disease 2019 (COVID-19) contributed to nearly 600,000
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deaths in the US and millions of lives globally.! It is critical to
achieve high rates of full COVID-19 vaccination among US adults to
build herd immunity, and thereby reduce case and death rates.* In
addition, high vaccination rates can have economic benefits including
cost savings due to lower COVID-19 Emergency Department (ED) vis-
its ® and improved work productivity due to reduced illness and
recovery periods as well as social benefits such as health equity from
free vaccines to the public and improved life expectancy among vac-
cinated people.’

Predating the COVID-19 pandemic, research on factors imped-
ing high levels of vaccination among adults indicates that lack of
access to vaccines, undervaluation of immunization, lack of
reminders, and inability to pay for the vaccine were associated
with low vaccination uptake among adults.® It is unclear whether

0196-6553/© 2022 Association for Professionals in Infection Control and Epidemiology, Inc. Published by Elsevier Inc. All rights reserved.
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these factors are persisting in their relevance to COVID-19 vaccina-
tion levels and particularly if they explain COVID-19 vaccine hesi-
tancy, the delay in acceptance or refusal of vaccine despite vaccine
availability.!%!!

The reported factors that historically hindered vaccination uptake
may not apply to the COVID-19 vaccine uptake for several reasons.
The COVID-19 vaccine was available at no cost starting December 14,
2020 to alleviate financial burden. The vaccine was systematically
distributed by prioritizing health care workers, long-term care resi-
dents, and high-risk individuals, and then the general public to
increase access to the vaccine.'” In addition, COVID-19 vaccine infor-
mation related to its importance and information regarding distribu-
tion sites were communicated and emphasized through an array of
communication mediums channels.">'* While all these factors
should promote uptake by addressing barriers identified in prior
work, it is also possible that there are countervailing forces. Given
the accelerated timeline for development and approval from the U.S.
Food and Drug Administration,'® the level of uncertainty around the
technology used to develop the vaccine and its long-term outcomes
affected the uptake among the public.'® Therefore, the level of hesi-
tancy and its contribution to vaccine uptake is of greater concern dur-
ing the COVID-19 pandemic.

To design tailored and effective public health campaigns, pol-
icymakers need to know the characteristics of the communities
and individuals at risk of low vaccination rates, and the role
that vaccine hesitancy may be playing, specifically in the con-
text of the current pandemic.'”"'® Therefore, in this study, we
evaluated the relationship between COVID-19 vaccine uptake
and COVID-19 vaccine hesitancy, and then examined whether 3
types of community factors are associated with COVID-19 vac-
cine uptake and hesitancy: (1) factors related to access to vac-
cines, (2) factors related to level of knowledge, and (3) factors
related to attitudes. These 3 categories and the specific predic-
tors within them were derived from the Centers for Disease
Control and Prevention (CDC) Social Vulnerability Index (SVI)
that identifies communities that are most likely to need support
during a crisis.' The analysis of SVI factors has also been used
in prior COVID-related work.?’ Additionally, we separately
examined highly hesitant communities, characterizing the vari-
ability in vaccination levels within them and then assessing the
predictors associated with higher hesitancy levels. These find-
ings are specifically useful to understand what may be needed
to overcome vaccine hesitancy given the particular concerns
about the COVID-19 vaccine.

METHODS

We constructed a cross-sectional, county-level dataset that
included the level of vaccination uptake, the level of vaccine hesi-
tancy, and population characteristics based on those included in the
CDC’s SVI, organized into 3 groups: access, knowledge, and attitudes.
Vaccination uptake was defined as the percent of individuals who are
fully vaccinated by receiving the full dose of the COVID-19 vaccine.
Vaccination hesitancy was defined as individuals who reported that
even if the COVID-19 vaccine was available to them, they will defi-
nitely not receive the vaccine.

Access is the timely use of health care services to achieve optimum
health outcomes;?! knowledge is the information and skills acquired
through experience or formal education®?; attitudes is the psycholog-
ical tendency that expresses a favorable or unfavorable opinion
towards a particular concept.”®

All data was obtained from the CDC COVID-19 Data Tracker as of
May 9, 2021%%; and the US Census Bureau Health Pulse Survey
(HPS).?> The data sets used were publicly available and de-identified.

Study Measures

For county-level outcomes, we measured the level of vaccination
uptake (“vaccination rate”) as the percent of adults (over 18 years of
age) who were fully vaccinated in each US county as of May 9, 2021.
Vaccination hesitancy rates were measured as the percent of adults
who reported in the US Census Bureau Health Pulse Survey (HPS) as
of May 9, 2021 that they will definitely not receive the vaccine in
each US county (based on the scale of 1. “definitely get a vaccine”; 2.
“probably get a vaccine”; 3. “unsure”; 4. “probably not get a vaccine”;
and 5. “definitely not get a vaccine”).> HPS surveys were distributed
by email and mobile telephones to sample household using US
Census Contact Frame. If no cellphone number is available, email was
used.”

During a pandemic, social factors such as the percentage of indi-
viduals living poverty or lack of access to transportation can contrib-
ute to ways in which communities respond to calls for action such as
obtaining vaccinations.?® The CDC’s social vulnerability index (SVI)
estimates the vulnerability of communities based on 15 variables. For
our analysis, we used 9 of these variables (Supplemental Methods).
We then added a new single variable “COVID-19 Vaccine Coverage
Index (CVAC)” that is a comprehensive index capturing the level of
concern around the availability and distribution of COVID-19 vac-
cines for each US county.?” CVAC, developed by Surgo Ventures and
made available by the CDC,?® is measured from 0 (lowest level of con-
cern) to 1 (highest level of concern). The access challenges used to
calculate the CVAC, for example the available infrastructure for vac-
cine uptake per capita, and vaccination provider workforce per cap-
ita, are not measured by any of the existing SVI access variables.?’
Additional details on the SVI and CVAC data and methodologies can
be found elsewhere.'?*’

We organized our 10 county characteristic variables into our 3
thematic groups. Under access, we included (1) COVID-19 Vaccine
Coverage Index (CVAC), (2) percent of households with no access
to a vehicle, (3) percent of individuals with a disability, and 4) per-
cent of individuals who are unemployed. Under knowledge, we
included (1) percent of individuals with less than high school edu-
cation, and (2) percent of individuals who speak English less than
well. Finally, under attitudes, we included (1) percent of individu-
als who self-identify as a minority, defined as all individuals
except non-Hispanic White, (2) percent of individuals living under
poverty, and (3) percent of individuals over 65 years of age, and
(4) percent of single parent households with children under
18 years. We ran descriptive analysis on the 10 county characteris-
tics (Appendix 1).

Data Analysis

To examine potential collinearity between predictors within the
same group, measured as correlation >0.8, we ran 2-tailed Pearson
correlation tests and found no potential collinearity within any of the
groups (Appendix 2).

To address our first research question about the relationship
between vaccine uptake and vaccine hesitancy, we ran a 2-tailed
Pearson Correlation test to assess the relationship between COVID-19
vaccination uptake and vaccine hesitancy and created a scatterplot
diagram (Appendix 3). To address our second research question
about the relationship of county characteristics with vaccination hes-
itancy and with vaccination rate, we employed 2 multivariate linear
regression models with vaccination hesitancy and with vaccination
rate as the dependent variables, and the 10 county characteristics as
independent variables. In each of the regression models, we used the
odds ratio to examine the constant effect of a county characteristic as
a predictor on the likelihood of vaccine hesitancy or on vaccination
uptake.
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To address our third research question about predictors of higher
vaccination rate among hesitant communities, we defined highly
hesitant communities as the counties within the 75th quartile of vac-
cine hesitancy rates across all US counties (n=326). We constructed
a dichotomous dependent variable that assigned each of those highly
hesitant counties as either highly vaccinated, that is, within lower
quartile (n=124); or low vaccination, that is, within upper quartile
(n=202), of the vaccination rates across all US counties. We then ran
a binary logistic regression model including the same set of 10 county
characteristics as predictors. Statistical significance was determined
at the P value <.05. All statistical analyses were conducted by using
the open-source statistical software package R (version 4.0.4).

To complement and extend our county-level analyses, we sought
to understand the characteristics of highly hesitant unvaccinated
people and the reasoning behind their vaccine hesitancy. This
required building a dataset at the individual level using the House-
hold Pule Survey (HPS) responses, which was distributed to
1,040,864 US adults over 18 years between April 28 and May 10,
2021 (response rate: 7.5%).>?° The HPS is designed to produce
national-level estimates based on the US Census Bureau sampling
design.?

To examine the characteristics of highly hesitant individuals who
have not yet received the vaccine, we analyzed the responses to the
HPS survey question “Once a vaccine to prevent COVID-19 is available
to you, would you get a vaccine?” We then ran descriptive statistics
for age, sex, race, education, presence of children under 18 years, and
employment for: (1) the total population; (2) the total unvaccinated
population; (3) the total unvaccinated and highly hesitant popula-
tion; and (4) the percentage of the unvaccinated population that is
highly hesitant (ie, group 3/group 2).

To understand the reasons behind vaccine hesitancy among the
unvaccinated population who are highly hesitant, we used the HPS
survey question “the reasons for not receiving or planning to receive
the vaccine.””® The HPS survey question provided 19 possible
answers for individuals to check all the responses that applied. The
cumulative totals therefore do not sum to 100%.

RESULTS

Across 3142 US counties, the average (SD) rate of US adults who
received full COVID-19 vaccination was 34.7% (12.3%), and the aver-
age (SD) rate of US adults who reported strong hesitancy to receiving
COVID-19 vaccination was 8% (2.83%), as of May 9, 2021. (Appendix
4) Vaccine hesitancy was significantly and negatively correlated with
vaccine uptake rates (r =-0.06, P value <.01).

Table 1

Predictors of COVID-19 Vaccine Uptake

Among access factors, COVID-19 vaccination uptake was posi-
tively associated with individuals with no access to a vehicle
(b=0.429, P < .001), and unemployment rates (b=0.456, P < .001);
and negatively associated with COVID-19 Vaccine Coverage Index
(CVAC) (b=-7.517, P < .001), Table 1. Among knowledge factors, vac-
cination hesitancy was positively associated with individuals speak-
ing English less than well (b=1.099, P < .001), and negatively
associated with individuals with no high school education (b=-
0.847, P < .001). Among attitude factors, hesitancy was positively
associated individuals over 65 years (b=0.327, P < .001), and single
parent households with children under 18 (b =0.493, P value <.001).

Predictors of COVID-19 Vaccine Hesitancy

Among access factors, COVID-19 vaccination hesitancy was posi-
tively associated with individuals with no access to vehicle (b =0.041,
P <.01), and disability (b=0.110, P value <.001); and negatively asso-
ciated with unemployment (b=-0.077, P value <.01) (Table 1).
Among knowledge factors, vaccination hesitancy was positively asso-
ciated with individuals with no high school education (b=0.055, P <
.001), and negatively associated with individuals speaking English
less than well (b =-0.285, P < .001). Among attitude factors, hesitancy
was positively associated with individuals living in poverty
(b=0.049, P < .001), and single parents with children under 18 years
(b=0.024, P < .001); and negatively associated with minority groups
(b=-0.046, p=0.001), and individuals over 65 years (b=-0.143,
P <.001).

Vaccination Disparities Within Highly Hesitant Communities

Five factors were statistically significant predictors of high vacci-
nation rates among highly hesitant communities: access factors
(CVAC, no access to a vehicle), knowledge (individuals no high school
education, individuals speaking English less than well), and attitudes
(minority).

The 3 predictors associated with a high vaccination level within
highly hesitant communities were: minorities (OR:1.109, P value
<.001), speaking English less than well (OR:1.712, P value =.003), no
access to a vehicle (OR:1.703, P value <.001), over 65 years
(OR:1.037, P value <.05). The 2 predictors associated with a low vac-
cination level within highly hesitant communities were: CVAC
(OR:0.000, P value <.001), and no high school education (OR:0.70,
Pvalue <.001), Table 2.

County characteristics associated with COVID-19 vaccination rates and vaccine hesitancy: multivariate linear regression results

County vaccination level (%)

County vaccine hesitancy level (%)

Characteristics Coefficient Standard error Pvalue Coefficient Standard error Pvalue
Access

CVAC -7.517 1.197 <.001 0.002 0.275 994
Individuals with no access to vehicle 0.429 0.054 <.001 0.041 0.012 .001
Noninstitutionalized with disability -0.077 0.077 318 0.11 0.018 <.001
Unemployment 0.456 0.108 <.001 -0.077 0.025 .002
Knowledge

No high school diploma -0.847 0.058 <.001 0.055 0.013 <.001
Individuals who speak English "less than well" 1.099 0.12 <.001 -0.285 0.028 <.001
Attitudes

Above 65y 0.327 0.059 <.001 -0.143 0.014 <.001
Minority -0.006 0.018 731 -0.046 0.004 <.001
Single parent households with children under 18 0.493 0.106 <.001 0.024 0.024 32
Below Poverty -0.009 0.054 .866 0.049 0.012 <.001
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Table 2
County characteristics associated with COVID-19 vaccination rates in counties with high hesitancy: multivariate logistic regression results
County characteristics 0dds ratio (Exp(B)) Pvalue 95% Cl
Lower Upper
Access
Vaccine uptake Concern (CVAC) 0.000 <.001 0.000 0.002
No access to a vehicle 1.703 <.001 1.369 2117
Unemployment 1.044 .660 0.862 1.265
Noninstitutionalized citizens with disability 1.109 128 0.971 1.268
Knowledge
No high school education 0.700 <.001 0.610 0.803
Speak English less than well 1.712 .033 1.045 2.805
Attitudes
Over 65y 1.061 298 0.949 1.185
Minorities except non-Hispanic white 1.109 <.001 1.058 1.163
Single parent households with children under 18 0.892 253 0.732 1.086
Below poverty 1.003 957 0.896 1.123

NOTE. DV= 0 (High hesitancy — Low rates).
DV =1 (High hesitancy — High rates).

Table 3

Characteristics of US population who has not yet received COVID-19 vaccine, and who is hesitant to take the vaccine as of May 10, 2021

(1) (2)
Total adult
population (n)

Select characteristics

Total adult population
that is unvaccinated,
n(% of total population)

(3) (4)

Adult population that is % of Adult population that is
unvaccinated and answered, unvaccinated who answered “will
“will definitely not get a vaccine,” definitely not get a vaccine” (%: (3)/(2))
n (% of total population)

17,999,786 (7%) 29%

1,884,902 (10%) 21%
6,982,254 (39%) 30%
4,908,380 (27%) 28%
2,103,443 (12%) 29%
(12%)

Total 250,265,449 63,111,500 (25%)
Age
18-24 23,445,638 8,994,762 (14%)
25-39 65,230,956 23,621,802 (37%)
40-54 63,471,403 17,733,259 (28%)
55-64 42,533,760 7,373,303 (12%)
65 and above 55,583,692 5,388,374 (9%)
Sex*
Male 121,078,275 31,067,884 (49%)
Female 129,187,174 32,043,616 (51%)
Hispanic origin and Race
Hispanic or Latino (may be of any race) 43,041,957 12,848,382 (20%)
White alone, not Hispanic 155,928,642 36,385,081 (58%)
Black alone, not Hispanic 28,569,240 9,502,882 (15%)
Asian alone, not Hispanic 13,703,920 1,312,324 (2%)
Two or more races + Other races, not Hispanic 9,021,690 3,062,831 (5%)
Education
Less than high school 20,156,177 8,377,280 (13%)
High school or GED 77,288,442 25,852,939 (41%)
Some college/associate’s degree 75,567,240 19,544,682 (31%)
Bachelor’s degree or higher 77,253,590 9,336,599 (15%)
Presence of children under 18 y old
Children in household 96,993,159 34,227,924 (54%)
No children 153,272,290 28,883,576 (46%)
Respondent currently employed
Yes 146,518,424 37,654,182 (60%)
No 101,655,976 25,127,586 (40%)

2,120,807 (12% 39%
8,895,733 (49%) 29%
9,104,053 (51%) 28%
2,864,458 (16%) 22%
11,992,067 (67%) 33%
1,972,067 (11%) 21%
118,336 (1%) 9%

1,052,858 (6%) 34%
2,360,715 (13%) 28%
7,544,014 (42%) 29%
5,669,672 (31%) 29%
2,425,385 (13%) 26%
9,830,783 (55%) 29%
8,169,004 (45%) 28%

11,367,000 (63%)
6,549,950 (36%)

30%
26%

*Fully Vaccinated individuals, sex was unknown for 1%.
Age category is 40-49.
iAge category is 50-64.

Individual Characteristics and Perceptions Associated with Vaccine
Hesitancy

Of 250 million US adults’ estimated responses, 63.1 (25%) million
had not received the COVID-19 vaccine by May 10, 2021. Of the
63.1 million unvaccinated individuals, 17.9 million (7% of total popu-
lation and 29% of unvaccinated population) reported strong hesitancy
towards the vaccine.

Among the total population, we found that the largest subgroups
of highly hesitant unvaccinated individuals were those who identify
as racial minority (67%), individuals with high school education or

less (55%), individuals over the age of 65 years (39%), and individuals
have children in the household under the age of 18 (29%), and unem-
ployment (26%), Table 3.

Among highly hesitant unvaccinated individuals, 5 of the top
10 reported reasons behind vaccine hesitancy were characterized
as attitudes, 3 as knowledge, and 2 as attitudes/knowledge. The
most common reason driving vaccine hesitancy was lack of trust
in COVID-19 vaccines (55%), followed by concerns around side
effects of the vaccine (48%), and lack of trust in government
(46%), Figure 1. No vaccine hesitancy reason was related to vac-
cine access.
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Fig 1. . Top 10 reasons for not receiving or planning to receive vaccine among unvaccinated highly hesitant US Adults as of May 10, 2021.
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DISCUSSION

In this cross-sectional study of US communities, we sought to
provide new insights into COVID-19 vaccination levels and vac-
cine hesitancy. Overall, we found an inverse relationship between
COVID-19 vaccine uptake and vaccine hesitancy, as would be
expected. When we then assessed predictors of vaccination level
and of hesitancy level, we found that access factors, knowledge
factors, and attitude factors all mattered, but in complex ways.
For example, lower levels of vehicle access were associated with
both higher vaccination levels and with higher hesitancy. When
we further investigated predictors of high vaccination levels
within highly hesitant communities, we again found that predic-
tors in all 3 groups were significant. High vaccination levels were
present in communities with less vehicle access, more poor
English speakers, and more minorities, suggesting that many tra-
ditional vaccination barriers were effectively addressed in the
COVID-19 vaccination rollout. However, low vaccination levels
were found in communities with a less educated population and
with more concern about vaccine uptake capacity, suggesting that
education and infrastructure are ongoing challenges. Since we
suspect that many of the dimensions of capacity (as captured by
the CVAC) have been addressed in recent months, determining a
strategy for decreasing hesitancy among less well-educated citi-
zens appears to be the top challenge.

Here, our findings suggest that levels of education may be related
to gaps in knowledge about the vaccine among unvaccinated individ-
uals. At the individual-level, more than half of the unvaccinated US
adults who reported strong hesitancy towards the vaccine had a high
school education or less. Additionally, 5 of the top 10 reasons for not
receiving the COVID-19 vaccine were related to lack of knowledge
around potential side effects, benefits of the vaccine, vaccine effec-
tiveness, and risks to remaining unvaccinated. This conclusion is con-
sistent with prior research showing that individuals with higher
education levels have higher levels of knowledge of the COVID-19
vaccine,*® and that lack of knowledge around the COVID-19 vaccine
are associated with lower levels of intent to vaccinate in the US and
in the UK.?'*2

A nuanced assessment of our findings reveals that, while educa-
tion appears to be a key barrier, there are other demographic consid-
erations in play. Specifically, among highly hesitant communities,
counties with high proportion of individuals over 65 years and high
proportion of individuals associated with racial minority groups had
high vaccination rates. Nonetheless, among unvaccinated popula-
tions, more than two thirds of highly hesitant populations belonged
to racial minority groups, and over a third of the highly hesitant pop-
ulations were over 65 years of age. This suggests that although over
65 and minority groups contributed to increased vaccination rates,
there remains a significant majority of unvaccinated populations
who are still strongly hesitant to take the vaccine fall in these 2
groups. It is plausible that these are the subset of the over 65 and
minority demographic groups with lower education levels and that
they may be easier to persuade with targeted interventions that
address knowledge gaps.

Finally, our results related to reasons for hesitancy among the
unvaccinated reveal the specific knowledge gaps that need to be
addressed. Respondents reported that their concerns about vaccine
side effects and its overall efficacy were among the top reasons for
their hesitancy. These findings align with previous findings that pop-
ulations with less favorable attitudes toward a COVID-19 vaccination
also perceived the virus to be less threatening.®>> Other work has
shown the mechanisms underlying these knowledge gaps, which are
misinformation from social networks, inaccurate posts on social
media, and unreliable media sources to inform their perceptions of
the vaccine.'” To combat misinformation, novel ways to disseminate
accurate and reliable vaccine information are needed, similar to pre-
vious efforts among adolescents.>* To the extent that policymakers
and community leaders should identify communication strategies
that are specifically effective for over 65 years and minority groups,
which will then inform targeted awareness campaigns in order to
help neutralize misconceptions and persuade towards vaccinations.'®
Effective strategies likely need to focus on nonstandard scientific
responses such as communicating the percent of individuals who
received the vaccine within their community or to promote a path
back to normalcy through herd immunity, which can provide more
reassurance and helps reinstate trust.>®
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LIMITATIONS

This study had several limitations. First, no vaccination rates were
reported from counties within the state of Texas, such that our results
are not fully nationally-representative. Second, the response rate to
the HP survey was relatively low. However, we incorporated the sta-
tistical weights calculated by the US Census Bureau used to produce
estimates for the total persons aged 18 or older in the US. Third, data
on county-level characteristics were from 2018 as compared to data
on vaccination and hesitancy rates which were from 2021. However,
the characteristics we included do not change substantially over
time, as reflected by the fact that the American Community Survey
(ACS) is updated by the US Census Bureau every 10 years.

CONCLUSION

COVID-19 vaccine hesitancy is a public health threat. Our study
suggests that low education levels are a major contributor to vaccine
hesitancy and ultimately vaccination levels. Specifically, low vaccina-
tion levels were found in communities with a less educated popula-
tion and with more concern about vaccine uptake capacity,
suggesting that education is an ongoing challenge. Our findings sug-
gest that policy makers and community leaders should tailor vaccine
information and efforts to those with limited education and specifi-
cally address knowledge concerns that are prevalent and likely more
modifiable. The rapidly evolving nature of the COVID-19 pandemic,
including novel variants of the virus, pose a clear urgency to vacci-
nate highly hesitant groups to improve public health in the US.

SUPPLEMENTARY MATERIALS

Supplementary material associated with this article can be found
in the online version at https://doi.org/10.1016/j.ajic.2021.12.013.
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