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Characterization of COVID-19 Vaccine 
Hesitancy Among Essential Workforce 
Members of a Large Safety Net  
Urban Medical Center

Deborah Kupferwasser1,2 , Evelyn A. Flores1, Prudencio Merino1,  
Donna Phan Tran1, Michael Bolaris1, Mildred Gonzales3, Megan H. Nguyen4, 
Arlene Balo1, Angel Abueg1, Wellington Da Silva5, Leslie Astorga-Cook5,  
Honghu Liu6, Holli Mason1, Deborah Freund2, Judi Nightingale7,  
Jay Orr2, Bin Xie2, and Loren G. Miller1,6

Abstract
Objectives: Vaccine hesitancy among essential workers remains a significant public health challenge. We examined 
psychological constructs of perceived susceptibility, threat, and self-efficacy and their associations with COVID-19 vaccine 
hesitancy among a racially and ethnically diverse essential workforce population.
Methods: We performed a cross-sectional survey of essential workers from September-December 2020 at a large Los 
Angeles safety-net medical center as part of a program offering free COVID-19 serology testing. Program participants 
completed a standardized survey at the time of phlebotomy. Hierarchical logistic regression was utilized to determine 
factors independently associated with vaccine hesitancy.
Results: Among 1327 persons who had serology testing, 1235 (93%) completed the survey. Of these, 958 (78%) were 
healthcare workers. Based on expressed intent, 22% were vaccine-hesitant 78% were vaccine acceptors. In our multivariate 
model, vaccine hesitancy was associated with female gender [aOR = 2.09; 95% CI (1.44-3.05)], African American race 
[aOR = 4.32; (2.16-8.62)], LatinX ethnicity [aOR = 2.47; 95% CI (1.51-4.05)] and history of not/sometimes receiving 
influenza vaccination [aOR = 4.39; 95% CI (2.98-6.48)]. Compared to nurses, vaccine hesitancy was lower among physicians 
[aOR = 0.09; 95% CI (0.04-0.23)], non-nursing/non-physician healthcare workers [aOR = 0.55; 95% CI (0.33-0.92)], and 
non-healthcare care workers [aOR = 0.53; 95% CI (0.36-0.78)].
Conclusions: Among a racially/ethnically diverse group of safety net medical center essential workers, COVID-19 vaccine 
hesitancy was associated with racial/ethnic minority groups, employment type, and prior influenza vaccination hesitancy. 
Interestingly, we found no association with the Health Belief Model construct measures of perceived susceptibility, threat, 
and self-efficacy. Psychological constructs not assessed may be drivers of vaccine hesitancy in our population.
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Introduction

Vaccination is one of the most successful Public Health 
interventions for reducing the health burden associated  
with vaccine-preventable diseases.1-3 The World Health 
Organization has identified vaccine hesitancy among the 
top 10 Global Health threats.4 Vaccination against severe 
acute respiratory syndrome coronavirus-2 (SARS-CoV-2), 
the etiological agent of Coronavirus Disease 2019 (COVID-
19), has the potential to attenuate morbidity, mortality, and 
potentially end the pandemic.5,6 However, acceptance of 
the COVID-19 vaccine has been far from complete.7 A 
recent systematic review of COVID-19 vaccine hesitancy 
studies among persons living in the United States showed 
that overall COVID-19 vaccine acceptance rates ranged 
from 28% to 93%.8 Therefore, to increase acceptance of a 
COVID-19 vaccine, a detailed understanding of the drivers 
associated with COVID-19 vaccine hesitancy remains 
essential.

Of particular concern is vaccine hesitancy among essen-
tial workforce members who have a higher risk of COVID-
19 exposure due to their job duties. Workforce members 
classified as “essential” are those who perform essential 
duties enabling the continued operation of social services, 
providing food products and healthcare services. Vaccine 
hesitancy rates assessed pre-vaccine rollout in healthcare 
and non-healthcare settings have been concerningly high, 
53% and 39% respectively.9-11

An important group of community-level variables,  
the Social Determinants of Health (SDOH), have been 
shown to influence vaccine hesitancy.12 SDOH variables 
include measures of economic, education, transportation, 
neighborhood (park access, retail density), housing, clean 
environment, and healthcare access.13 Moreover, several 
studies suggest that the SDOH have a role in more severe 
COVID-19 health outcomes of minority populations.14-16 
For example, housing density and housing occupancy are 
SDOH factors, and communicable diseases spread more 
easily for people who live in crowed, densely packed 
areas.17 Driven by a need for a standardized community 
wellness measures grounded on the SDOH, the Public 
Health Alliance of Southern California, and the Center  
on Society and Health developed the California based 
Healthy Places Index (HPI).13,18 This measure includes  
23 SDOH associated community characteristics such  
as education, housing, and healthcare access.13 Several 
studies on COVID-19 vaccine hesitancy have included 
singular SDOH variables such as level of education, 
income level, and employment status.12,19,20 However, to 
our knowledge, assessment of whether there is an associ-
ation between a composite SDOH measure, such as the 
HPI and vaccine hesitancy, has not been undertaken. 
Communities with high HPI scores expect to have good 
health outcomes.

Methods

We conducted a cross-sectional study to evaluate vaccine 
hesitancy to a hypothetical, soon-to-be-released COVID-19 
vaccine among an essential workforce population located in 
an urban medical center, Los Angeles County-USC Medical 
Center (LAC + USC). LAC + USC is a 600-bed safety-net 
medical center with affiliated campus clinics. We hypo
thesized that unique health behavior-based factors would 
be associated with a person’s intention to receive a novel 
COVID-19 vaccine. Additionally, we hypothesized that the 
relationship between a person’s perceived susceptibility, 
threat and self-efficacy to COVID-19 infection, and vaccine 
hesitancy would be varied by HPI score. We assessed the 
constructs of perceived susceptibly, threat, and self-efficacy. 
To this end, we developed a questionnaire to evaluate vac-
cine hesitancy that utilized the Health Belief Model (HBM) 
as a guide to composing questions relevant to vaccine hesi-
tancy and amended items from previously surveys.7,21-23 
Questions related to COVID-19 used 7-point Likert-type 
questions from strongly disagree to strongly agree.

The questionnaire was administered as part of a pro-
gram offering free SARS CoV-2 antibody testing in Fall 
2020. This program was advertised via email and flyers to 
LAC + USC employees. Serology was offered on selected 
days and times from September 1, 2020, through December 
1, 2020 (prior to availability of SARS CoV-2 vaccination) 
by appointment or walk-in. All medical center employees 
were eligible for the program, including employees with 
patient care duties and those without, such employees in 
administration, finance, and facility management. Our 
study time frame encompasses a significant period during 
the COVID-19 pandemic as Los Angeles County was 
heading into a winter surge of COVID-19 infections and 
prior to vaccine rollout.24 Hospitals were seeing an increase 
in hospitalizations due to COVID-19 infections as early 
September, 2020 approximately 1000 confirmed hospital-
ized cases were reported and increased to approximately 
3000 cases by December, 2020.24 Prior to phlebotomy, 
employees were asked to complete a standardized survey. 
The survey was administered electronically. The survey 
portal was accessed via a QR code scanned by a smart-
phone. Paper surveys were available for those who pre-
ferred this method. Our survey consisted of 7 sections with 
44 total questions. Analysis of findings from this program 
was reviewed by the Institution Review Board of the 
Lundquist Institute at Harbor-UCLA and considered 
exempt, therefore program participants were not required 
to provide informed consent.

Items measuring perceived susceptibility, threat, and self-
efficacy was derived from the HBM. To assess HBM con-
struct questions for internal consistency, Cronbach alpha 
coefficient was calculated. If there was good reliability 
(Cronbach’s alpha ≥.7), a composite (ie, mean) score of 
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individual items was used for analysis. Otherwise, individual 
survey items were used as variables in the analysis. California 
HPI survey items were obtained from the public domain.13 
Zip codes with low HPI values represent communities more 
disadvantaged than those with higher HPI values.

Students t-test and Chi-square tests, as appropriate, were 
used to test for distribution differences between vaccine hesi-
tancy groups and covariates and predictor variables. To deter-
mine which independent variables, predict vaccine hesitancy, 
we first performed bivariate analyses. Hierarchical regres-
sion was then performed with the baseline model of sociode-
mographic variables and history of influenza vaccination, 
followed by a series of models with additional inclusions of 
HPI and HBM constructs separately. We then performed an 
analysis on whether an interaction occurs between the com-
munity level factor, HPI score, and individual level factors 
including perceived susceptibility, perceived threat, and per-
ceived self-efficacy, with adjustment for other socio-demo-
graphic variables and history of influenza vaccination as 
covariates. Taking the interaction of perceived susceptibility 
and HPI as an example, we hypothesized that the relationship 
between a person’s perceived susceptibility to COVID-19 
and vaccine hesitancy would vary by HPI score.

Results

Among the approximately 10 500 workforce members at 
LAC + USC, 1327 participated in the phlebotomy program 

and, among these, 1235 (93%) submitted survey responses. 
Of these, 958 (78%) were healthcare workers. Full demo-
graphic and hypothesized vaccine hesitancy variables are 
presented in Table 1. COVID-19 vaccine hesitancy and 
vaccine acceptance were found in 267 (22%) and 968 
(78%) respectively. Mean HPI score was significantly 
higher in the vaccine-acceptor group versus vaccine-
hesitant group (0.46 vs 0.37: P =< .001). The proportion  
of vaccine-hesitant persons was low among Native 
Hawaiian/Pacific Islanders (1%), Caucasians (11%), 
African Americans (11%), and Asian Americans (18%) 
compared to persons with LatinX ethnicity (52%). In 
bivariate analysis (Table 2), vaccine hesitancy was not 
associated with age, but was associated with female gender 
[OR 2.26: 95% CI (1.61-3.18)], African American race 
[OR = 5.41; 95% CI (2.92-10.02)], LatinX ethnicity 
[OR = 3.24; 95% CI (2.08-5.04)], mixed/other race/ethnic-
ity [OR = 2.60; 95% CI (1.34-5.19)], and history of not/
sometimes receiving influenza vaccination [OR = 4.55; 
95% CI (3.24-6.38)]. Higher HPI (ie, those from less dis
advantaged communities) was inversely associated with 
vaccine hesitancy [OR = 0.23; 95% CI (0.13-0.41)].

Several mean scores among the HBM response items 
differed (Figure 1). Mean score of the perceived suscepti-
bility item (“I am worried about being infected by COVID-
19” was significantly different between vaccine-acceptors 
and vaccine-hesitant, [5.43 vs 5.09 (P =< .001)]. Mean 
response scores for 2 HBM construct of perceived 

Table 1.  Baseline Demographics.

Demographic Total N (%) Vaccine hesitant N (%) Vaccine acceptors N (%) P value

1235 267 (21.7) 968 (78.4)  
Age (mean) 36.3 37.5 .28
  Standard deviation 16.9 16.9  
Gender <.001
  Male 368 (30.1) 48 (18.1) 320 (33.4)  
  Female 856 (69.9) 217 (81.9) 639 (66.6)  
Race/ethnicity <.001
  Asian or Asian American 354 (29.5) 46 (18.0) 308 (32.5)  
  African American 70 (5.8) 29 (11.4) 41 (4.3)  
  Caucasian 242 (20.1) 28 (11.0) 214 (22.6)  
  LatinX 447 (37.2) 133 (52.1) 314 (33.2)  
  Native Hawaiian or another pacific islander 26 (2.2) 3 (1.2) 23 (2.4)  
  Mixed/other 63 (5.2) 16 (6.3) 47 (5.0)  
Employment type .003
  Healthcare worker 958 (78.0) 207 (78.1) 751 (78.1)  
  Physician 221 (18.0) 6 (2.3) 215 (22.3)  
  Nurse 597 (48.6) 173 (65.3) 424 (44.1)  
  Non-nursing/non-physician healthcare worker 140 (11.4) 28 (10.5) 112 (11.6)  
  Non-healthcare worker 270 (22.0) 58 (21.9) 212 (22.0)  
Influenza history <.001
  Always 1059 (86.0) 182 (68.4) 877 (90.8)  
  Sometimes or never 173 (14.0) 84 (31.6) 89 (90.2)  
Healthy Places Index* (mean, standard deviation) 0.46 (0.24) 0.37 (0.23) <.001

Note: not all persons responded to all questions, so totals may not add up to 1235.
*See reference (13).
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self-efficacy “Outside of my home, keeping more than 6 
feet away from others is important to protect me from  
getting a COVID-19 infection” and “Wearing a mask is 
important to protect me from COVID-19” differed between 
vaccinate intention groups ([6.41 vs 6.23, (P = .03)] and 
[6.45 vs 6.74, (P = .01)], respectively), as was mean response 
score for one HBM item construct of perceived threat, 
“COVID-19 affects me emotionally, such as making me 
feel furious, afraid, angry or depressed,” [4.48 vs 4.13: 
(P = .003)].

Internal consistency of HBM-derived construct of per-
ceived susceptibility was fair (Cronbach’s alpha = .69). 
(Table 3) Response Item “I am worried about being infected 
by COVID-19” was removed from the composite perceived 
susceptibility variable according to results of correlation 
analysis (data not shown). After removal of this item, 
internal consistency for perceived susceptibility was good 
(Cronbach’s alpha = .78) (data not shown). Items for per-
ceived threat showed poor internal consistency (Cronbach’s 
alpha = .40), and were therefore left as individual items in 
our models. Perceived self-efficacy showed good internal 
consistency (Cronbach’s alpha = .85). A composite variable 
was constructed from the calculated mean scores for per-
ceived self-efficacy.

Table 4 summarizes results of multivariable hierarchical 
regression models performed to address drivers of vaccine 
hesitancy. These include Model 1 (reduced model), Model 
2 (inclusion of HBM constructs), and Model 3 (inclusion  
of interaction variables). The most parsimonious model 
was Model 1, as determined by the Likelihood Ratio Test 

[Model 1 and Model 2 = 9.54 (P = .09)] and [Model 2 and 
Model 3 = 2.57 (P = .77)]. The HBM constructs assessed in 
our research study did not add predictive power beyond 
demographic variables and prior influenza vaccination. In 
Model 1, vaccine hesitancy was independently associated 
with female gender [aOR 2.09; 95% CI (1.44-3.05)], 
African American race [aOR 4.32; CI (2.16-8.62)], LatinX 
ethnicity [aOR 2.47; 95% CI (1.51-4.05)], and mixed/other 
race [aOR 2.30; 95% CI (1.09-4.82)], and history of not/
sometimes receiving influenza vaccination [aOR 4.39; 95% 
CI (2.98-6.48)]. Physicians [aOR 0.09; 95% CI (0.04-
0.23)], non-nursing/non-physician healthcare workers [aOR 
0.55; 95% CI (0.33-0.92)] and healthcare workers [aOR 
0.53; 95% CI (0.36-0.78)], showed lower odds of vaccine 
hesitancy compared to nurses. The interaction terms of per-
ceived susceptibility and HPI, threat and HPI, and self-effi-
cacy and HPI were not found to be statistically significant.

Discussion

We performed a cross-sectional study that examined behav-
ior-based physiological factors associated with COVID-19 
vaccine hesitancy in an essential workforce population, 
including healthcare workers, with a large proportion of 
racial/ethnic minorities from a large urban safety-net hospi-
tal in Los Angeles pre-COVID-19 vaccine availability. We 
found that 22% were vaccine-hesitant and several demo-
graphic factors and prior influenza vaccine hesitancy were 
associated with COVID-19 vaccine hesitancy. However, 
interestingly our study found no association between 

Table 2.  Bivariate Regression of Vaccine Hesitancy, Demographic, and Other Factors.

Variable Odds ratio & 95% confidence interval P-value

Age 1.00 [0.99-1.00] .28
Gender
  Male Ref.  
  Female 2.26 [1.61-3.18] <.001
Race
  Asian American 1.14 [0.69-1.88] .61
  African American 5.41 [2.92-10.02] <.001
  Caucasian Ref.  
  LatinX 3.24 [2.08-5.04] <.001
  Native Hawaiian or another pacific islander 1.00 [0.28-3.54] 1.00
  Mixed/other 2.60 [1.34-5.19] .01
Employment type
  Physician 0.07 [0.03-0.16] <.001
  Nursing Ref.  
  Patient care, non-nursing or non-physician 0.61 [0.39-0.96] .02
  Non-patient care role 0.67 [0.48-0.94] .03
History of influenza vaccine
  Always Ref.  
  Sometimes & never 4.55 [3.24-6.38] <.001
Healthy Places Index* 0.23 [0.13-0.41] <.001

Abbreviations: Ref., Referent group.
*See reference (13).
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vaccine hesitancy and the Social Determinant of Health 
variable, HPI, or HBM-based constructs of perceived sus-
ceptibility, threat, and self-efficacy, as measured using 
established survey items.

Vaccine hesitant persons in our heavily healthcare-
worker population (22%) was consistent with other investi-
gations in healthcare workers conducted prior to COVID-19 
vaccine availability (16%-21%).10,19,20 For comparison, 

Panel A: Vaccine-acceptors 

Panel B: Vaccine-hesitant

A

B l i h i

Strongly disagree
Disagree
Somewhat disagree
Neither agree or disagree
Somewhat agree
Agree
Strongly agree

 Mean response scores for vaccine-acceptors and vaccine-hesitant persons.

Group/Question 1 2

3

4 5 6 7 8

Vaccine 
acceptors

4.67 5.98 5.98 6.41 6.33 6.45 4.48 5.43

Vaccine 
hesitant

4.59 5.92 5.88 6.23 6.74 6.74 4.13 5.09

P value 0.45 0.51 0.24 0.03 0.12 0.01 0.003 <0.001

C

Figure 1.  Distribution of Likert-type response items for health belief model based vaccine hesitancy questions. (A) Panel A: vaccine-
acceptors, (B) Panel B: vaccine-hesitant, and (C) Mean response scores for vaccine-acceptors and vaccine-hesitant persons.
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among other essential workforce members, a study of gro-
cery store workers showed high vaccine hesitancy (39%).9

Our regression model identified several characteristics 
in our study population independently associated with vac-
cine hesitancy. These included females, nurses, and certain 
minority populations (African American, LatinX). Those 
who stated they sometimes or never received annual influ-
enza vaccinations showed increased odds of COVID-19 
vaccine hesitancy compared to employees who get the 
annual influenza vaccine. Vaccine hesitancy among females 
is consistent with previous studies conducted on essential 
workforce members.7,19,25 An explanation for the higher 
likelihood of vaccine hesitancy among females has been 
attributed to the lack of inclusion of pregnant women in the 
initial COVID-19 vaccine clinical trials, concerns over 
reproductive function, and the vaccine’s potential affect 
among those trying to conceive.26

Vaccine hesitancy among minority populations can hin-
der community resiliency. Those among our study popula-
tion who identify as African Americans or LatinX had more 
vaccine hesitancy. A study conducted during a similar time 
frame and on a similar population, albeit heavily (77%) 
Caucasian, similarly showed minority populations having a 
higher odds of vaccine hesitancy.27 Minority communities 
have been disproportionately affected by COVID-19 infec-
tions and hospitalizations.28 COVID-19 vaccine hesitancy 
among African Americans has been attributed to healthcare 
system mistreatment and mistrust.29 The effects of the 
Tuskegee Syphilis Study and Henrietta Lacks’ unconsented 
use of her cancer cells continue to hurt the African American 
community, still cause lingering mistrust of the medical 
system.30 Among the LatinX population, misinformation, 
safety, and efficacy concerns has been suggested to contri
bute to vaccine hesitancy.31

Similar to several previous vaccine hesitancy studies, 
we found that nurses are more likely to be vaccine-hesitant 
than their other coworkers such as physicians, and hospital 

employees with either patient care rolls or nonpatient care 
roles.19 Nurses have been shown to be more vaccine-hesi-
tant than other health care workers and is attributed to vac-
cine safety concerns.3 Greater vaccine-hesitancy among 
nurses versus other employment types may be due to a high 
proportion of females employed as nurses (81% female vs 
19.0% male, data not shown). As noted above, females have 
greater concern about safety and reproductive implications 
associated with vaccination. Perhaps professional educa-
tional requirements for physicians and pharmacists contrib-
utes to lower vaccine hesitancy compared to nurses as a 
previous study found that the education level is associated 
with vaccine hesitancy.19 Consistent with previous findings, 
we found that annual influenza vaccine hesitancy was asso-
ciated with lower odds of COVID-19 vaccination.19,32 
Further studies designed to assess whether influenza vac-
cine attitudes and beliefs changed after the COVID-19 vac-
cines became available would be beneficial for continued 
vaccination messaging campaigns.

Surprisingly, none of the HBM constructs of, perceived 
susceptibility, threat, or self-efficacy were associated with 
vaccine hesitancy in our regression models. In contrast, 
others have found some HBM constructs associated with 
vaccine hesitancy. Shmueli33 showed that among the gen-
eral population, higher levels of perceived severity was 
associated with greater odds of accepting the COVID-19 
vaccine [OR 2.36; 95% CI (1.58-3.51)] after adjusting for 
demographics. Additionally, among a healthcare worker 
population, Wang et  al34 showed greater cues to action 
through acceptance of workplace COVID-19 vaccine mes-
saging and perceived benefit were associated with higher 
likelihood to get the COVID-19 vaccine. Differences in our 
results could be explained by our population consisting of a 
greater number of minorities. Attitudes about the COVID-
19 vaccine have been shown to vary by race with African 
American and LatinX populations more likely to lack vac-
cine trust, think the vaccine is dangerous, and believe the 

Table 3.  Health Belief Model Constructs of COVID Vaccination Intention.

Cronbach alpha

Perceived susceptibility .69
  I am worried about being infected by COVID-19.  
  If I am NOT careful, I will get COVID-19 infection at work.  
 � If I am NOT careful, I will get COVID-19 infection while in the community doing activities such as shopping, 

and interacting with others.
 

Perceived threat .40
  COVID-19 affects me emotionally, such as making me feel furious, afraid, angry or depressed.  
 � If I get COVID-19, I will get severely ill and may need to be hospitalized.  
Perceived self-efficacy .85
 � Outside of my home, keeping more than 6 feet away from others is important to protect me from getting 

COVID-19 infection.
 

  Frequent hand hygiene is important to protect me from getting COVID-19.  
  Wearing a mask is important to protect me from COVID-19.  
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vaccine was rushed out too quickly.29 Vaccine hesitancy  
in minorities populations may be more associated with 
phycological attitudes of mistrust, fear, benefit, and lack of 
information or other factors not evaluated in our study.33,35 
Of note our study was conducted on a population that was 
exempt from the California government order to shelter in 
place (issued March 19, 2020). This exemption may have 
impacted the phycological stress experienced in our study 
population, thus influencing COVID-19 vaccine attitudes.

Our study has limitations. First, it was conducted pre-
vaccine rollout and findings represents intent, not action. 
Our results suggest that the majority of essential workforce 
members are not vaccine-hesitant, however, we are unable 
to assess alignment with a person’s response and vaccina-
tion when the COVID-19 vaccine became available. 
Nevertheless, the survey response data capture an important 
moment in the COVID-19 pandemic, measuring vaccine 
hesitancy toward a hypothetical COVID-19 vaccine soon to 
be available. Thus, findings may be applicable to future 
vaccines that are developed in response to new or pan-
demic-level threats. Furthermore, vaccine intent and vac-
cine receipt for other vaccines are highly correlated.36,37 
Second, we did not utilize a validated vaccine hesitancy 
instrument such as the Vaccine Hesitancy scale modified to 
assess the adult population as done in other studies.19,38,39 
However, our instrument was developed based on surveys 
used in prior vaccine hesitancy studies and of our many 
response items have previously been associated with vac-
cine hesitancy.21,23,35,40

There are strengths to our study. First, we utilize a unique 
community based SDOH variable, the HPI, to assess driv-
ers of COVID-19 vaccine hesitancy. Secondly, our study 
population consists of a large proportion of minority essen-
tial workforce members that were typically not surveyed in 
other similar studies. Lastly, our study included essential 
workforce members with clinical and nonclinical roles.

Our findings suggest that vaccine hesitancy may be 
influenced by external factors beyond perceived suscepti-
bility, threat, and self-efficacy or that different paradigms of 
vaccine hesitancy not explored in this study these latter 
forces may be more relevant to minority populations. 
Addressing vaccine hesitancy through culturally sensitive 
initiatives that target minority essential workforce popula-
tions may minimize vaccine hesitancy, improve the health 
of essential workers, and enhance their ability to provide 
key services in challenging pandemic milieus.

Acknowledgments

We thank the essential workforce members who participated in 
this study. We thank Leonece Myers and Jeffrey Anderson for 
their efforts throughout the data collection stages, and Provost 
Vivian Branchick of the LA County College of Nursing and Allied 
Health Services for supporting and promoting student engagement 
in this project. We would like to thank the LAC-USC Class of 
2020-II nursing students for data/blood sample collection.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with 
respect to the research, authorship, and/or publication of this 
article.

Funding

The author(s) disclosed receipt of the following financial support 
for the research, authorship, and/or publication of this article: This 
grant was supported by an investigator-initiated grant from Merck, 
which had no role in the design, conduct, interpretation of findings, 
or manuscript writing.

ORCID iD

Deborah Kupferwasser  https://orcid.org/0000-0003-1444-7340

References

	 1.	 Bartsch SM, O’Shea KJ, Wedlock PT, et al. The benefits of 
vaccinating with the first available COVID-19 coronavirus 
vaccine. Am J Prev Med. 2021;60(5):605-613.

	 2.	 DeBold T, Friedman D. Battling infectious diseases in the 
20th Century: the impact of vaccines. The Wallstreet Journal. 
2015.

	 3.	 Vuong L, Bidwell JT, Apesoa-Varano EC, Cothran FA, Catz 
SL. COVID-19 vaccine hesitancy and intent in California 
Registered Nurses. Vaccine X. 2022;11:100162.

	 4.	 WHO. Ten Threats to Global Health in 2019 [Report]. WHO; 
2019.

	 5.	 Busic N, Lucijanic T, Barsic B, et al. Vaccination provides 
protection from respiratory deterioration and death among 
hospitalized COVID-19 patients: differences between vector 
and mRNA vaccines. J Med Virol. 2022;94(6):2849-2854.

	 6.	 Fabiani M, Puopolo M, Morciano C, et al. Effectiveness of 
mRNA vaccines and waning of protection against SARS-
CoV-2 infection and severe covid-19 during predominant 
circulation of the delta variant in Italy: retrospective cohort 
study. BMJ. 2022;376:e069052.

	 7.	 Fisher KA, Bloomstone SJ, Walder J, Crawford S, Fouayzi H, 
Mazor KM. Attitudes toward a potential SARS-CoV-2 vac-
cine: a survey of U.S. adults. Ann Intern Med. 2020;173(12): 
964-973.

	 8.	 Al-Amer R, Maneze D, Everett B, et al. COVID-19 vaccina-
tion intention in the first year of the pandemic: a systematic 
review. J Clin Nurs. 2022;31(1-2):62-86.

	 9.	 Mayer B, Helm S, Heinz E, Barnett M, Arora M. Doubt in 
store: vaccine hesitancy among grocery workers during the 
COVID-19 pandemic. J Behav Med. Published online April 
30, 2022. doi: 10.1007/s10865-021-00276-0.

	10.	 Halbrook M, Gadoth A, Martin-Blais R, et al. Longitudinal 
assessment of coronavirus disease 2019 vaccine acceptance 
and uptake among frontline medical workers in Los Angeles, 
California. Clin Infect Dis. 2022;74(7):1166-1173.

	11.	 Hartmann S, Rubin Z, Sato H, O Yong K, Terashita D, Balter 
S. Coronavirus disease 2019 (COVID-19) infections among 
healthcare workers, Los Angeles County, February-May 2020. 
Clin Infect Dis. 2021;73(7):e1850-e4.

	12.	 Khubchandani J, Sharma S, Price JH, Wiblishauser MJ, 
Sharma M, Webb FJ. COVID-19 vaccination hesitancy in 

https://orcid.org/0000-0003-1444-7340


Kupferwasser et al	 9

the United States: a rapid national assessment. J Community 
Health. 2021;46(2):270-277.

	13.	 California PHAoSC. California Healthy Places Index. 
PHAoSC: Public Health Alliance of Southern California; 
2022. Updated 2022. https://www.healthyplacesindex.org/

	14.	 Samuel LJ, Gaskin DJ, Trujillo AJ, Szanton SL, Samuel A, 
Slade E. Race, ethnicity, poverty and the social determinants 
of the coronavirus divide: U.S. County-level disparities and 
risk factors. BMC Public Health. 2021;21(1):1250.

	15.	 Chowkwanyun M, Reed Al Jr. Racial health disparities and 
Covid-19 - caution and Context. New Engl J Med. 2020; 
383(3):201-203.

	16.	 Lee J, Ramírez IJ. Geography of disparity: Connecting 
COVID-19 vulnerability and social determinants of Health in 
Colorado. Behav Med. 2022;48(2):72-84.

	17.	 Ali SH, Foster T, Hall NL. The relationship between infectious 
diseases and housing maintenance in indigenous Australian 
households. Int J Environ Res Public Health. 2018;15(12):2827.

	18.	 Maizlish N, Delaney T, Dowling H, et al. California healthy 
places index: frames matter. Public Health Rep. 2019;134(4): 
354-362.

	19.	 Gatto NM, Lee JE, Massai D, et al. Correlates of COVID-19 
vaccine acceptance, hesitancy and refusal among employees 
of a safety net California County Health System with an early 
and aggressive vaccination program: results from a cross-
sectional survey. Vaccines. 2021;9(10):1152.

	20.	 Pacella-LaBarbara ML, Park YL, Patterson PD, et al. COVID-
19 vaccine uptake and intent among emergency healthcare 
workers: a cross-sectional survey. J Occup Environ Med. 
2021;63(10):852-856.

	21.	 Champion VL. Instrument development for health belief 
model constructs. ANS Adv Nurs Sci. 1984;6(3):73-85.

	22.	 Lane S, MacDonald NE, Marti M, Dumolard L. Vaccine 
hesitancy around the globe: analysis of three years of WHO/
UNICEF Joint Reporting Form data-2015-2017. Vaccine. 
2018;36(26):3861-3867.

	23.	 Coe AB, Gatewood SB, Moczygemba LR, Goode JV, Beckner 
JO. The use of the health belief model to assess predictors of 
intent to receive the novel (2009) H1N1 influenza vaccine. 
Innov Pharm. 2012;3(2):1-11.

	24.	 Los Angeles County Department of Public Health. Corona
virus. LA County Daily Covid-19. 2022. http://publichealth.
lacounty.gov

	25.	 Wang Y, Liu Y. Multilevel determinants of COVID-19 vac-
cination hesitancy in the United States: a rapid systematic 
review. Prev Med Rep. 2022;25:101673.

	26.	 Townsel C, Moniz MH, Wagner AL, et al. COVID-19 vaccine 
hesitancy among reproductive-aged female tier 1A health-
care workers in a United States Medical Center. J Perinatol. 
2021;41(10):2549-2551.

	27.	 Momplaisir FM, Kuter BJ, Ghadimi F, et  al. Racial/ethnic  
differences in COVID-19 vaccine hesitancy among health 
care workers in 2 large academic hospitals. JAMA Netw Open. 
2021;4(8):e2121931.

	28.	 Tai DBG, Shah A, Doubeni CA, Sia IG, Wieland ML. The 
disproportionate impact of COVID-19 on racial and ethnic 
minorities in the United States. Clin Infect Dis. 2021;72(4): 
703-706.

	29.	 Kricorian K, Turner K. COVID-19 vaccine acceptance and 
beliefs among black and Hispanic Americans. PLoS One. 
2021;16(8):e0256122.

	30.	 Grumbach K, Judson T, Desai M, et  al. Association of 
race/ethnicity with likeliness of COVID-19 vaccine uptake 
among health workers and the general population in the San 
Francisco Bay Area. JAMA Intern Med. 2021;181(7):1008-
1011.

	31.	 Hildreth JEK, Alcendor DJ. Targeting COVID-19 vaccine 
hesitancy in minority populations in the US: implications for 
herd Immunity. Vaccines. 2021;9(5): 489.

	32.	 Troiano G, Nardi A. Vaccine hesitancy in the era of COVID-
19. Public Health. 2021;194:245-251.

	33.	 Shmueli L. Predicting intention to receive COVID-19 vac-
cine among the general population using the health belief 
model and the theory of planned behavior model. BMC Public 
Health. 2021;21(1):804.

	34.	 Wang H, Huang YM, Su XY, et al. Acceptance of the COVID-
19 vaccine based on the health belief model: a multicenter 
national survey among medical care workers in China. Hum 
Vaccin Immunother. 2022;18(5):2076523.

	35.	 Wong LP, Alias H, Wong PF, Lee HY, AbuBakar S. The 
use of the health belief model to assess predictors of intent to 
receive the COVID-19 vaccine and willingness to pay. Hum 
Vaccin Immunother. 2020;16(9):2204-2214.

	36.	 Meyer MN, Gjorgjieva T, Rosica D. Trends in health care 
worker intentions to receive a COVID-19 vaccine and reasons 
for hesitancy. JAMA Netw Open. 2021;4(3):e215344.

	37.	 Feemster KA. Building vaccine acceptance through commu-
nication and advocacy. Hum Vaccin Immunother. 2020;16(5): 
1004-1006.

	38.	 Shapiro GK, Tatar O, Dube E, et al. The vaccine hesitancy 
scale: psychometric properties and validation. Vaccine. 2018; 
36(5):660-667.

	39.	 Rodriguez VJ, Alcaide ML, Salazar AS, Montgomerie EK, 
Maddalon MJ, Jones DL. Psychometric properties of a vac-
cine hesitancy scale adapted for COVID-19 vaccination 
among people with HIV. AIDS Behav. 2022;26(1):96-101.

	40.	 Gerend MA, Shepherd JE. Predicting human papillomavirus 
vaccine uptake in young adult women: comparing the health 
belief model and theory of planned behavior. Ann Behav Med. 
2012;44(2):171-180.

https://www.healthyplacesindex.org/
http://publichealth.lacounty.gov
http://publichealth.lacounty.gov



