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Abstract

Background

Throughout US history, chronic and infectious diseases have severely impacted minority
communities due to a lack of accessibility to quality healthcare and accurate information, as
well as underlying racism. These fault lines in the care of minority communities in the US
have been further exacerbated by the rise of the COVID-19 pandemic. This study examined
the factors associated with COVID-19 vaccine hesitancy by race and ethnicity, particularly
among African American and Latinx communities in Eastern Pennsylvania (PA).

Methods

Survey data was collected in July 2021 in Philadelphia, Scranton, Wilkes-Barre, and Hazle-
ton, PA. The 203 participants (38.7% Black, 27.5% Latinx) completed the 28-question sur-
vey of COVID-19 vaccination attitudes in either English or Spanish.

Result

Out of the 203 participants, 181 participants met all the inclusion criteria, including com-
pleted surveys; of these participants, over three-fifths (63.5%) were acceptant of the
COVID-19 vaccine whereas the remainder (36.5%) were hesitant. Binary logistic regression
results showed that age, concern for vaccine efficacy, race, knowledge on the vaccine, and
belief that the COVID-19 virus is serious significantly influenced COVID-19 vaccine
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hesitancy. Minorities were more likely to be hesitant toward vaccination (OR: 2.8, 95% CI:
1.1, 6.8) than non-Hispanic whites. Those who believed the COVID-19 vaccine was ineffec-
tive (OR: 8.3, 95% ClI: 3.8, 18.2), and that the virus is not serious (OR: 8.3, 95% Cl: 1.1,
61.8) showed the greatest odds of hesitancy.

Conclusions

Minority status, age less than 45 years, misinformation about seriousness of COVID-19 ill-
ness, and concern about vaccine efficacy were contributing factors of COVID-19 vaccine
hesitancy. Therefore, understanding and addressing the barriers to COVID-19 vaccination
in minority groups is essential to decreasing transmission and controlling this pandemic,
and will provide lessons on how to implement public health measures in future pandemics.

Background

Health disparities are differences in disease prevention measures and health outcomes in
socially disadvantaged communities [1]. Socially disadvantaged communities can include cer-
tain racial and ethnic groups, LGBTQ+ communities, rural or urban communities, and low
socioeconomic areas [1]. Racial and ethnic health disparities have been evident in healthcare
in the US for many years. For example, African American and Latinx communities are more
likely to suffer from cardiovascular diseases compared to non-Hispanic whites [2]. These dis-
parities have been attributed to several factors including socioeconomic status, levels of educa-
tion, structural racism, medical mistrust, and lack of quality healthcare access [2-4]. Low
socioeconomic status has negatively influenced health outcomes for socially disadvantaged
communities. This association is attributed to individuals with a low socioeconomic status
lacking health insurance or lacking access to quality healthcare.

This has been further evident in worse health outcomes in socially disadvantaged commu-
nities regarding COVID-19. Lower socioeconomic communities have higher prevalence rates
of contracting COVID-19 compared to higher socioeconomic groups [5]. The geographical
concentration of minorities in urban areas where many work in public service jobs and do not
have the option to work from home, may also contribute to the disproportionate, negative
impact COVID-19 has had on minority communities across the US [6]. Urban settings are
more likely to be densely populated and have limited capacity for social distancing [6]. African
American and Hispanic/Latinx communities across the US have experienced higher rates of
infection, hospitalization, readmission, and death due to COVID-19 compared to non-His-
panic whites [7-12]. Higher mortality rates amongst these communities may be due to higher
comorbidities, such as cardiovascular illnesses, diabetes, and lack of timely access to quality
healthcare [2,6]. Unfortunately, the administration of effective outpatient therapies for
COVID-19 like monoclonal antibodies has not been equitable by race and ethnicity [13].

When COVID-19 vaccines became available in December 2020, vaccine uptake among
these two major ethnic groups remained low in part due to inequities in vaccine distribution
across the US [7]. In addition, U.S. African American and Latinx communities displayed high
levels of hesitancy for the COVID-19 vaccine in January 2021 [14]. Vaccine hesitancy has been
a major, global public health concern for many years, and has gained increasing attention as
the world races to end the coronavirus pandemic [7,15]. Vaccine hesitancy exists on a spec-
trum and is reluctance or complete refusal to receive a vaccine regardless of availability due to
a complex interplay of societal and epidemiological factors [16]. Vaccine hesitancy is often
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context-specific, meaning that individuals who are willing to take one vaccine may be reluctant
or refuse to take another [8]. Although vaccine hesitancy is generally well documented, data
on vaccine hesitancy in the context of the COVID-19 vaccine is limited and continually evolv-
ing as attitudes towards vaccination shift [17,18]. Several national studies conducted in April
2020, May 2020, June 2020, and November 2020 predicted COVID-19 vaccine uptake in the
US were published prior to the vaccines becoming available [19,20]. One large, national sur-
vey-based study conducted in June 2020 found vaccine hesitancy among African Americans to
be 34% and 29% among Hispanics [15].

Since vaccine hesitancy is context-specific, recommended mitigation strategies often
include engaging with local communities to collectively develop solutions that address their
reluctance toward vaccination [7,8]. Despite several national studies [7,15,20,21], few studies
have examined factors driving hesitancy among ethnic minorities by state and even fewer for
the state of Pennsylvania (PA) [22]. Our research aimed to identify factors influencing vaccine
disparities in eastern PA. Gaining a deeper understanding of these underlying issues may lead
to effective, community-specific solutions that promote vaccine uptake. In the first year of the
pandemic, African Americans and Latinx communities in PA faced a rate of COVID-19 infec-
tion (18% and 21% of cases respectively) greater than their percentage of the state’s population
(11% and 7% of the population respectively) [23]. The dynamic nature of the COVID-19 pan-
demic requires continued monitoring of vaccination uptake rates as this directly impacts the
ability to end the pandemic worldwide [7]. The continued hospitalization of unvaccinated
patients across the US demonstrates the urgent need to increase vaccination and booster
uptake in minority communities [9,24]. The objectives of this study were to outline the major
influences on COVID-19 vaccine hesitancy by race, particularly among Latinx and African
Americans in Eastern PA and to disseminate accurate vaccine information in the community.

Materials and methods

Participants

Data for the participants was collected from a convenience sample in the Philadelphia, Hazle-
ton, Scranton, and Wilkes-Barre areas of Eastern PA. The target population for this study were
people ages 18 and older who lived in these areas that had access to information about the vac-
cine, with a focus on the underrepresented minority population. No sample size calculations
were done as the data that was collected was from readily available convenience sample.

Procedures

Study tool. This study was based on collecting survey data from volunteer participants;
the data was collected using SurveyMonkey. The survey questions were adopted and modified
from several studies [15,25-29]. The surveys were completed on 8™ generation iPad, model
A2270, 99.9% of the time (n = 201/203). 2 participants preferred to complete the survey on
paper.

Consent. Investigators obtained verbal consent as well as verbal confirmation of partici-
pants being at least 18 years of age prior to survey completion. Each survey team included at
least one fluent Spanish-speaking student.

Data collection. Members of the Center of Excellence summer program (COE) identified
high traffic areas in the cities of interest. Personal protective equipment was worn throughout
data collection in accordance with CDC guidelines to ensure the safety of the research team as
well as the public. Surveys were filled out by the respondents on the iPads and given back to
the research team after completion. Between each respondent, one member of the COE wiped
the iPads down with sanitizer wipes. The study was conducted throughout July 2021 using a
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bilingual script to maintain consistency across sites. Educational materials were developed and
distributed with information gathered about the vaccines in the form of fact sheets. In an effort
to increase vaccine uptake among the participants, links to resources, including the nearest
vaccination location and different community organizations involved in vaccination efforts
were also shared with participants who were interested.

The survey and procedures were approved as exempt by the Institutional Review Board of
Geisinger (2021-0428).

Data analysis. The survey contained 28 questions organized into the following four cate-
gories: demographics, attitude towards COVID-19 disease, healthcare, and attitude towards
the COVID-19 vaccine (S1 Table). We coded 19 of the 28 questions into dichotomous vari-
ables by grouping response choices for each category into two options. Open-ended response
questions and questions that were unable to be dichotomized into two distinct groups are not
presented here.

Participants who answered less than 10% of the survey were excluded (N = 19). Descriptive
analysis was performed separately on each categorical variable to characterize the participants’
socio-demographics (Table 1). For gender, there were three categories: male, female, and non-
binary gender. The very small subset of participants who identified as non-binary gender
(N = 3) were not included in this analysis given the small number. Therefore, of the 203 initial
participants, 19 were excluded due to incomplete survey responses, and 3 participants identify-
ing as non-binary were also excluded. A total of 181 participants were included in the final
analysis. Binary logistic regression was performed first to identify which factors had a statisti-
cally significant impact on vaccine hesitancy. The results were considered statistically signifi-
cant if the p-value was less than 0.05. The significant factors were then incorporated into a
multinomial logistic regression model. Missing values were removed for the descriptive analy-
ses and both binary and multinomial regression. Multinomial logistic regression was used due
to the method’s effectiveness in analyzing multiple categorical variables. Multinomial logistic
regression was employed to determine which factors had the greatest influence on vaccine hes-
itancy. To develop a regression model, 19 of the 28 questions were dichotomized (Table 1). A
forward regression was run using vaccine acceptance as the reference category for the depen-
dent variable of vaccine hesitancy. The data analysis was conducted using IBM SPSS Statistics
28. Figures were developed using GraphPad Prism 9.3.1 for Windows.

Results

Table 1 illustrates the demographics of the participants and the 19 of the 28 questions that
were dichotomized. Among the participants, 198 (97.5%) individuals filled the survey out in
English and 5 (2.5%) in Spanish. The ages of the participants ranged from 18 to over 65. The
sample population contained nearly equal amounts of men and women. Over half of the par-
ticipants identified as African American or Latinx (Table 1). Education level was dichotomized
into secondary and post-secondary. Most participants (n = 116, 59.7%) had secondary educa-
tional qualifications (some high school to a high school diploma) while post-secondary (associ-
ates degree and beyond) accounted for the remaining two-fifths (n = 78, 40.2%). The vast
majority (n = 165, 85.9%) of participants had health insurance although one-seventh (n = 27,
14.1%) did not.

To determine which factors had the most influence on vaccine hesitancy, binary logistic
regression was performed for each dichotomized variable in Table 1. When the p-value was
less than 0.05, the results were considered statistically significant. The following variables had a
statistically significant impact on vaccine hesitancy: younger age (p < 0.001), concern that the
vaccine is not effective (p < 0.001), race (p < 0.003), lack of knowledge about the COVID-19
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Table 1. Demographics of participants in eastern Pennsylvania completing a survey of COVID-19 vaccination
attitudes.

Variable Percentage of Total
Respondents N)
n (%)
Age 197
Under 45 (18-45) 146 (74.1)
Over 45 (>45-65+) 51 (25.9)
Gender 197
Male 97 (49.2)
Female 100 (50.8)
Education Level 197
Secondary 118 (59.9)
Some High School (No Diploma) 8 (0.04)
High School Diploma or GED 110 (55.8)
Post-Secondary 79 (40.1)
Associate Degree 24 (12.1)
Bachelor’s Degree 37 (18.8)
Master’s Degree 14 (0.07)
Doctorate’s Degree 3(0.02)
Professional Degree beyond Bachelor’s 1(0.01)
Race 196
Non-Hispanic White 57 (29.4)
Minority 139 (70.6)
Black or African American 76 (38.7)
Hispanic, Latinx, or of Spanish Origin 54 (27.5)
Asian 9 (4.6)
American Indian or Alaska Native 1(0.51)
Middle Eastern or North African 1(0.51)
Native Hawaiian or other Pacific Islander 0(0)
Multiethnic 7 (3.5)
Health Insurance 192
Yes 165 (85.9)
No 27 (14.0)
Affected by COVID-19 192
Not Affected 48 (25.0)
Affected 144 (75.0)
“If you have not gotten the vaccine, how safe do you think the vaccine is?” 72
Safe 18 (25.0)
Not safe 54 (75.0)
“I have concerns that the COVID-19 vaccine is not effective.” 183
Agree 88 (48.1)
Disagree 95 (51.9)
“If you do not want to get the vaccine, which answer best describes your reason 71
for not getting the vaccine?”
Personal reasons 30 (42.2)
Distrustful of scientific community 41 (57.7)
Concerned about getting COVID-19 again 35
Not worried 19 (54.2)
Worried 16 (45.7)

(Continued)
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Table 1. (Continued)

Variable Percentage of Total
Respondents (N)
n (%)
Paid sick leave 191
Yes 124 (64.9)
No 67(35.0)
History of COVID-19 197
Yes 35(17.8)
No 162 (82.1)
If no history of COVID-19, how worried are you about getting it? 156
Not worried 77 (49.4)
Worried 79 (50.6)
“How serious do you think the COVID-19 virus is?” 192
Serious 182 (94.7)
Not serious 10 (5.21)
Knowledgeable about the COVID-19 vaccine 186
Knowledgeable 166 (89.2)
Not Knowledgeable 20 (10.8)
“Where do you get most of your information about the vaccine?” 183
More than 3 sources 17 (9.3)
Three or fewer sources 166 (90.7)
Impact of COVID-19 Information Sources on the community 186
Positive 99 (53.2)
Negative 87 (46.8)
“Where do you obtain your information on COVID-19” 184
More than 3 sources 17 (9.2)
Three or fewer sources 167 (90.8)
Vaccine Hesitancy 181
Acceptant 115 (63.5)
Like to get it as soon as possible 6(3.3)
I have already gotten it 111 (61.3)
Hesitant 66 (36.4)
Never get the vaccine 26 (14.4)
Only if it is required by the state or employer 8 (4.4)
Wait and see 32 (17.7)

COVID-19 vaccine information sources included: My doctor, major news channels, the newspaper, social media,
family members, or other. Information sources for the COVID-19 disease included: Social media, local news, CDC,

local pharmacies, medical professionals, family/friends, coworkers, or others.

https://doi.org/10.1371/journal.pone.0280245.t001

vaccine (p = 0.008), and belief that COVID-19 did not cause serious illness (p < 0.020). S2
Table depicts the most influential factors associated with COVID-19 vaccine hesitancy and the
results of the multinomial logistic regression. The multinomial logistic regression took all the
significant factors to determine which had the greatest influence on vaccine hesitancy. A total
of 181 participants met the inclusion criteria and were used for this data analysis. Overall,
63.5% (n = 115) of participants were found to be acceptant of the COVID-19 vaccine and
36.5% (n = 66) were hesitant. In their responses, individuals who were vaccine hesitant tended
to report that “COVID-19 is not serious,” “Concerned the vaccine not effective,” and “Not
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Fig 1. Bar graph of the percentage of hesitant individuals towards COVID-19 vaccine in eastern Pennsylvania
with influential factors. Percentage of hesitant individuals towards the COVID-19 vaccine in Eastern Pennsylvania
for each factor found to be significant during binary regression (N = 181).

https://doi.org/10.1371/journal.pone.0280245.9001

knowledgeable on the vaccine,” (Fig 1). Although 95% of the respondents deemed COVID-19
as serious, 36.5% of those individuals remained hesitant towards vaccination. Most (90.0%)
participants said that they were knowledgeable about the vaccine and the remaining (n = 18,
10.0%) admitted to having little knowledge of the vaccine.

We found that participants > 45 years of age were less likely to be hesitant towards the vac-
cine (OR: 0.2, 95% CI: 0.1, 0.6) than those under 45. Individuals who agreed that they were
concerned that the vaccine is ineffective showed 58.6% hesitancy (OR: 8.3, 95%CI: 3.8, 18.2)
and 41.4% were acceptant of the vaccine. Minorities were more likely to show hesitancy—
43.4% hesitancy (OR: 2.8, 95% CI: 1.1, 6.8) than non-Hispanic whites (NHW), 19.2% hesi-
tancy. Of those who thought themselves knowledgeable about the vaccine, 66.9% expressed
acceptance and 33.1% were hesitant (OR: 0.4, 95% CI: 0.1, 1.3). Knowledgeability about the
vaccine was found to be a significant predictor of vaccine hesitancy during the bivariate analy-
sis, but not statistically significant after the multinomial regression was completed. For those
who believed the COVID-19 infection is not serious, 22.2% were acceptant of the vaccine,
while 77.8% were hesitant (OR: 8.3, 95% CI: 1.1, 61.8). Fig 2 shows the odds of hesitancy for
these four statistically significant predictors.

COVID-19 not serious (Reference COVID-19 virus is serious) = ‘| @ i
Knowledgeable on COVID-19 Vaccine (Reference Not Knowledgable)= —eo—-
Minority (Reference NHW)= I—Q—l
Concerned vaccine is ineffective (Reference not concerned) = : —e—
Age 2 45 yo (Reference under 45 yo)= ——
T T T 1
0.01 0.1 1 10 100

Odds of Hesitancy

Fig 2. Forest plot of influential factors associated with vaccine hesitancy (S2 Table). N = 181. Individuals who thought COVID-19 was serious,
identified as a minority and were under 45 years of age show an increased likelihood of being hesitant toward the COVID-19 vaccine by multinomial
regression. NHW—non-Hispanic white Eastern PA sample.

https://doi.org/10.1371/journal.pone.0280245.9002
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Discussion

COVID-19 vaccines have shown clear efficacy in reducing the number of hospitalizations and
death from severe COVID-19 disease, and therefore vaccine acceptance by all eligible recipi-
ents will be the cornerstone of public health intervention [20]. Our focus on assessing the pro-
file of unvaccinated and vaccinated individuals in our communities in eastern Pennsylvania is
essential for understanding how to promote COVID-19 vaccine acceptance. Given that dispro-
portionate numbers of Black and Latinx communities were unvaccinated, we sought to assess
the barriers to vaccine acceptance by race and ethnicity in our communities. We analyzed a
convenience sample of 181 respondents amongst various areas of Eastern PA. Our findings
from the summer of 2021 revealed only moderate COVID-19 vaccine acceptance (63.5%). The
remaining 36.5% represent the respondents who identified as vaccine hesitant. In 2021 pub-
lished literature, vaccine hesitancy accounted for 26.3% of adult Americans across a final pool
of 107,841 participants from 13 studies [13]. Although over three-fifths of the study partici-
pants showed vaccine acceptance, there was still a significant amount of vaccine hesitancy that
needed to be addressed. Our results indicate that the following factors were significant among
the vaccine-hesitant: concern that vaccine was not effective, not being knowledgeable about
COVID-19 vaccine, and that the COVID-19 illness is not serious. Other significant factors
included age and race. Our findings of contributors to vaccine hesitancy were similar to other
studies [15,19], including concern about COVID-19 vaccine efficacy. Other studies have
reported the profiles of hesitant individuals included female gender, larger household size,
those with children at home, and political party affiliation [15,19,21].

Contrary to many other studies [7,15,16,19], the results of our binary regression comparing
education level, secondary versus post-secondary education, suggest that education level had no
impact on vaccine hesitancy. The results potentially suggest that other factors contributed to our
sample’s vaccine acceptance or hesitance. Similar to other published literature [7,15,16,19], our
findings identified vaccine hesitancy being greater amongst minority populations compared to
non-Hispanic whites. These results suggest that public health messaging regarding COVID-19
vaccine acceptance should prioritize and focus on promoting COVID-19 vaccine equity in
minority groups, regardless of education status. Members of these communities should have
ready access to accurate information about vaccine safety and efficacy, as well as the devasting
effects that COVID-19 illness has disproportionally wrought on these communities.

Consistent with the results from a previous study, vaccine acceptance revealed an associa-
tion with knowledge about the COVID-19 vaccine [16]. In our data set, among those who
reported not being knowledgeable about the COVID-19 vaccine, a majority, 66.7% were also
vaccine-hesitant. In contrast, of those who are acceptant of the COVID-19 vaccine, a majority,
66.9% reported being knowledgeable about the vaccine. These findings of hesitancy, therefore,
can result from a lack of understanding concerning the COVID-19 vaccine, or be due to the
poor sources of the information that the subjects relied upon. Knowledge about the COVID-
19 vaccine intersected with trust reporting high confidence levels in healthcare professionals
[20]. Whether or not an individual trusts the source of information can influence how recep-
tive one is to the information. Rapid and ever-changing developments regarding COVID-19
and its vaccine were found to have contributed to individuals’ mistrust of outsourced informa-
tion [8]. The legacy of Tuskegee, and Marion ] Simms hangs over, and contributes to the mis-
trust of medical community in the African-American community in particular. Lack of that
trust and reliable sources from an individual’s perspective can explain vaccine hesitancy, par-
ticularly in minority populations. More research is needed to regain this trust and to find
improved ways to disseminate correct and relevant information about the COVID-19 vaccines
and boosters.
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Local news and public health resources (e.g., the Centers for Disease Control and Preven-
tion) are various ways the general population receives information concerning COVID-19 and
its vaccine [7,16]. The following recommendations are offered to make information concern-
ing COVID-19 vaccines better received and promote vaccine acceptance. Community-based
talks and direct personal contact, particularly using trusted community leaders and representa-
tives, can encourage those who are hesitant about vaccine uptake. Contrary to the inaccurate
information being disseminated across various media and social media platforms [7], accurate
information that is respectfully delivered by trusted messengers must take its place. Studies
have concluded that media and scientific outlets have begun to release accurate information to
enlighten the general public about the COVID-19 vaccine to mitigate vaccine hesitancy [9,15].
Informational sources concerning COVID-19 and its vaccine should be explicit and clear.
Information needs to be supported with medical evidence that can be easily understood and
championed by trusted experts and trusted members or leaders within the communities of
interest. Implementing inclusive programs for informational purposes, including live seminars
for community groups, can alleviate those hesitant and promote acceptance [8].

Although this investigation involved responding quickly to a dynamic public health situa-
tion, the observed results are limited by selection bias due to convenience sampling, only a
moderate sample size, and occasional missing responses on select variables. Data collection
through self-reporting reflects another limitation as self-assessment of COVID-19 knowledge
can introduce biases. Other limitations include the few native Spanish-speaking participants in
our sample and access to unvaccinated individuals. Most of the population surveyed had
already received the vaccine or were receptive to getting it. We cannot discount that some par-
ticipants holding strong anti-vaccine beliefs were less likely to participate in this voluntary
study, again leading to selection bias, and therefore may not be entirely generalizable for all vac-
cine hesitant individuals [21]. However, through our study, we were able to reach many individ-
uals within our local Black and Latinx communities and provide them with real-time valuable
vaccination information, including nearest the vaccination centers for themselves or their fam-
ily members. Community-based efforts such as those demonstrated in our study will be needed
to improve vaccine uptake. Future studies looking at inequities in vaccine uptake should seek to
include sizable proportions of unvaccinated individuals and recruit Spanish-speaking partici-
pants by using bilingual research assistants and interpreters [21]. Future investigations that
include an appreciable number of unvaccinated, or those that have not received a booster dose,
may further clarify the overall profile of under-vaccinated minorities, allowing for the develop-
ment of a more nuanced strategy to address their concerns, and encourage vaccine and booster
acceptance among all eligible recipients [30]. While interest regarding COVID-19 illness and its
vaccine is waning in the general public and medical community at large, the lessons learnt from
studies such as ours will still be relevant as we prepare to battle the next pandemic.

Conclusion

In this local community-based study on COVID-19 vaccine hesitancy in eastern Pennsylvania,
the following variables impacted vaccination hesitancy: younger age, concern about vaccine
effectiveness, race, lack of knowledge about the COVID-19 vaccine, and perceived lack of
severity of COVID-19 illness. While additional research may be needed to further understand
the complexities behind COVID-19 vaccine hesitancy, this investigation enables better-tar-
geted outreach to local communities to unvaccinated or under-vaccinated individuals. In a
world where the information is ever-changing and where misinformation is prevalent and
readily accessible, public health and infectious diseases research regarding addressing root
causes of mistrust of medical sources is imperative to eliminate the vaccination disparities in
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our current collective response to the COVID-19 pandemic and to effectively face any chal-
lenges from pandemics in the future.
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