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Abstract

The COVID-19 pandemic was a catastrophic global event that exacerbated public health
issues and disparities, especially in socially vulnerable communities. Thus, this study examines
areas classified by the CDC's Social Vulnerability Index (SVI) metric, which assesses vulnerable
communities experiencing adverse events through sixteen social determinants that impact health.
The purpose of this study will be to determine if (1) COVID-19 testing rates and/or COVID-19
vaccination rates mediate SVI and COVID-19 prevalence rates and (2) if COVID-19 testing rate
and COVID-19 vaccination rates serially mediate SVI and COVID-19 prevalence rates. In order
to achieve this, census tracts within Southern Nevada will be analyzed from January 2020 to
June 2022. . Mediation analyses with linear regression were employed to examine complex
relationships among SVI, COVID-19 testing, vaccination, and prevalence rates. The 95%
confidence intervals of indirect effects were particularly computed using a bootstrap technique to
determine whether a mediator was statistically significant. Results display that the COVID-19
testing rate (indirect effect = -3.98; 95% CI = -7.43, -0.11), COVID-19 full-vaccination rate
(indirect effect = -1.88; 95% CI = -7.54, -0.95), and COVID-19 follow-up vaccination rate
(indirect effect = -11.52; 95% CI = -15.97,-6.49) negatively mediates the relationship between
SVI and COVID-19 prevalence rate. Our serial mediation analysis showed that an increase in
SVI was significantly inversely associated with a significant total indirect effect of -0.02 (95%
Cl =-0.03, -0.002) from the sequential pathway from COVID-19 testing rate, COVID-19 full
vaccination rate, and COVID-19 follow-up vaccination rate as serial mediators. These findings
further highlight the impact of infectious outbreaks from access to vaccination and testing
resources in socially vulnerable communities, underscoring the need for public health

professionals to develop sustainable interventions.
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1. Introduction

1.1. Background

Coronaviruses come from a large family of enveloped viruses classified in the
Coronaviridae family in the Nidovirales order (Fehr & Perlman, 2015; Jaiswal & Saxena, 2020;
Wang et al., 2020). Coronaviruses are RNA viruses that contain 16 other non-structural proteins
with various functions such as replication, survival signaling, and proofreading (Zhang et al.,
2021). Coronaviruses comprise approximately 30,000 nucleotides that generate four organic
proteins: the envelope, membrane, nucleocapsid, and spike glycoproteins (Boopathi et al., 2021).
Spike glycoproteins are vital components as they mediate the transmission of virions to host cells
by targeting respiratory cells in the lower respiratory tract (Jebril, 2020). The protein
characteristics and survivability of the coronavirus influence its high virulence, potentially

leading to outbreaks. (Ren et al., 2020).

The first report of the infectious coronavirus occurred when chickens had a malicious
respiratory infection in the 1940s (Jaiswal & Saxena, 2020). Several researchers at the University
of Maryland could view the coronavirus structure from the infected chickens, which appeared as
black dots from the electron microscopic images (Lalchhandama, 2020). Virologists identified
the first human coronavirus in the 1960s from England by isolating a nasal washing of a male
child experiencing common cold-like symptoms (Kahn & McIntosh, 2005). Later, virologists
classified it as B814 but changed it to coronavirus due to the crown-like appearance of the spike
glycoproteins, as seen in the electronic microscopic images (Huang et al., 2020). Two notable
coronaviruses, severe acute respiratory syndrome coronavirus (SARS-CoV) and Middle East
respiratory syndrome coronavirus (MERS-CoV), have developed into catastrophic outbreaks

(Liu et al., 2020).



SARS-CoV causes SARS and has led to epidemics within a dozen countries in 2002-
2004, leading to over 8,000 cases (Morens et al., 2020). The first cases of SARS occurred in
China from an unknown source, with theories linking it to food markets selling wild animals
(Chen et al., 2013). Approximately 8,000 cases of SARS occurred but it was ultimately
contained by travel restrictions, disinfectants, quarantine, and other preventative health
guidelines, ending in 2004 (Chan-Yeung & Xu, 2003). Individuals can spread SARS through
respiratory droplets, rapidly spreading infection, especially in the Asian continent (Kahn &
Mclntosh, 2005). The SARS outbreak had accumulated approximately 700 deaths and would not

be the last coronavirus to emerge in the upcoming years (Stadler et al., 2003).

MERS-CoV, a virus more fatal than SARS-CoV, emerged in 2012, with the first being
reported in Saudi Arabia (Memish et al., 2020). MERS's origin, like SARS, is still widely
unknown, with Arabian camels as potential hosts that zoonotically transmit the virus to humans
through direct contact (Omrani et al., 2015). MERS has a high case fatality rate with severe
pneumonia, fever, diarrhea, and fatigue symptoms (Pustake et al., 2022). According to a study,
approximately 2,000 cases and 800 deaths occurred from MERS in various countries in 2019
(Lango, 2020; Memish et al., 2020). Fortunately, the spread of MERS is slowly diminishing due

to better hygienic practices in areas using camels (Wu et al., 2020).

Researchers believe that a highly contagious novel virus began its spread in China's
Seaford market in early December 2019 (Platto et al., 2021). Infected individuals characterized
the symptoms as severe pneumonia with symptoms of fatigue, fever, lung lesions, and
gastrointestinal pain (da Rosa Mesquita et al., 2021). The source of the novel virus is still
unknown, but some researchers theorized that wildlife food such as bats served in the

unregulated market might have led to the infection (El-Sayed & Kamel, 2021). However,



identifying the novel coronavirus took approximately one month by a Chinese physician, along
with the emergence of similar cases suffering from a severe pneumonia-like disease becoming
common reports throughout hospitals. (Li et al., 2020). Afterward, the emergence of the novel
virus, later classified as COVID-19, prompted great fear in China to take action to curb the new

virus's high transmissibility (Y. Zhang et al., 2021).

Approximately 80,000 COVID-19 cases had occurred in China by early March 2020, just
two months after the initial report (Y. Zhang et al., 2021). The suspected seafood market closed
on January 1st; 23 days had already passed in Wuhan city of 14 million individuals, unaware of
COVID-19 spreading (Zhu et al., 2020). Despite the declared COVID-19 outbreak on January 20
and the enforced quarantine in Wuhan city, there were already 80,000 cases by mid-March (G.
Zhang et al., 2021). Nonetheless, action was taken quickly throughout China after COVID-19
reports from hospitals, causing travel restrictions and quarantine in Wuhan (Zhou et al., 2021).
Chinese government enforced a lockdown in Wuhan City on January 26, but cases of COVID-19

had already occurred in other countries (G. Zhang et al., 2021; Z. Zhang et al., 2023)

COVID-19 first case outside of China happened in Thailand on January 13, 2020, due to
the virus's rapid transmissibility and delay of travel restrictions (Boldog et al., 2020; Y. Zhang et
al., 2021). COVID-19 was officially announced as a pandemic on March 11, 2020, by the World
Health Organization (WHO), as it had infected approximately 144 countries (Cucinotta &
Vanelli, 2020). Subsequently, the spread of the lethal Coronavirus affected all continents except
Antarctica towards mid-March 2020, just three months after the first reported case (Shi et al.,
2020). In January and March, several countries reported their first COVID-19 death, especially

in countries like Italy, with an older population. (Dhar Chowdhury & Oommen, 2020; J. J. Zhang



et al., 2023). Over 100,000 COVID-19 cases occurred globally by March, with the first case of

COVID-19 occurring on January 20 in the United States (U.S.) (Vannabouathong et al., 2020).

1.2 Impact of COVID-19 pandemic in the U.S.

First COVID-19 case in the U.S. happened on January 20, 2020, when a man rushed to
urgent care with symptoms of a severe fever and informed the healthcare workers that he had
visited China the past weeks (Holshue et al., 2020). Cases snowballed, as seen with the
geographic distribution of COVID-19 prevalence, which occurred mainly in the U.S. southeast
and southwest regions (Jackson et al., 2021). Lack of immediate attention to COVID-19 during
January prompted the rapid spread of COVID-19 and at least 100,000 cases in the U.S. by late
March (Shultz et al., 2020). By the end of December 2021, COVID-19 cases exceeded a million
despite implementing multiple public health interventions such as lockdowns, masks, and social
distancing (Zhao & Liu, 2022). Unfortunately, the surge of COVID-19 cases, deaths, and
preceding public health policies polarized the public’s response to the deadly virus through

political influence (Hart et al., 2020).

U.S. public response to COVID-19 being declared a public health emergency in January
of 2020 was a mixture of apprehension and apathy, as seen by a lack of adherence to public
health guidelines for preventing new cases of COVID-19 (Alexander et al., 2022). A study found
that many young adult males failed to adhere to guidelines by the Centers for Disease Control
and Prevention (CDC), primarily social distancing (Park et al., 2020). Likewise, the
governmental reaction to the COVID-19 pandemic was quite late, as the implementation of
mandatory lockdowns, masks, and social distancing occurred only in mid-March of 2020 (Parker
& Stern, 2022). Medical professionals felt the brunt of the government’s late response and the

public’s attitude toward the early days of the COVID-19 pandemic as strenuous burnout peaked
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amongst these healthcare workers (Hughes & Rushton, 2022). Especially amongst contact tracers
who tracked new cases and transmission of COVID-19, they faced considerable manpower
shortages in the early days due to inconsistent funding to state health departments (DeSalvo et

al., 2021).

Inadequate funding for contact tracing for COVID-19 in the early days of the pandemic
was not the only strain on the healthcare system in the U.S. (Gertz et al., 2022). The pandemic
burdened hospitals with shortages of personal protective equipment, healthcare workers, and
rooms (Boserup et al., 2021; Janke et al., 2021). Over 40 million Americans became unemployed
during the COVID-19 pandemic, and many faced the risk of eviction from their homes (Nande et
al., 2021; von Wachter, 2020). A disproportionate social impact occurred amongst minorities at
risk for eviction, especially among Black and Hispanic individuals who are highly susceptible to
COVID-19 due to financial hardship and racism (Benfer et al., 2021). Racism towards Asian
Americans also became more prevalent due to the prejudice and weaponized politicization of the

coronavirus origin (Lantz et al., 2023; Wong-Padoongpatt et al., 2022).

Undoubtedly, the consequences of the pandemic exceed the economic and social impact
as it also took a toll on the life expectancy of the U.S. public, especially among minorities
(Andrasfay & Goldman, 2022). Life expectancy in the U.S. dropped by over a year due to
COVID-19, while the total years of life lost was approximately seven million in the early months
of the pandemic (Chan et al., 2021). A disproportionate drop in life expectancy occurred
amongst Black and Hispanic populations in the U.S. as decreases were the lowest compared to
the White population(Silva et al., 2023). Mortality was at an all-time high in the U.S. due to the
COVID-19 pandemic; by December of 2021, the number of deaths related to COVID-19 was

approximately 300,000 (Stokes et al., 2021). Death due to COVID-19 is highly prevalent among



individuals with comorbidities, which signifies the importance of developing COVID-19 testing

and vaccination to prevent cases (Djaharuddin et al., 2021) .

1.3 Development of COVID-19 testing in the U.S.

Scientists from China uploaded the novel virus’ genomic sequence on various platforms
online in early January of 2020 (Rahimi et al., 2021). Afterward, diagnostic testing for COVID-
19 began in early March in the U.S. with certified laboratories that had governmental approval
bypassing Food and Drug Administration (FDA) requirements (Alexander et al., 2022). COVID-
19 infection in the U.S. was initially tested by polymerase chain reaction (PCR) tests that detect
the virus’s nucleic acid in infected individuals (Shyu et al., 2020). A typical procedure for
COVID-19 testing carried out by testing sites is collecting a sample by swabbing the inside of an
individual’s throat, nasal passage, or saliva (Benda et al., 2021). By the end of April 2020, over
40 tests of two different types (nucleic acid and antibody) were developed, yet the lack of

accessibility to these COVID-19 tests prevailed in the U.S. (Ward et al., 2020).

Consequently, late response to the COVID-19 pandemic led to numerous obstructions to
the accessibility of testing sites for the virus in the U.S. (Nowroozpoor et al., 2020). A study
found that the COVID-19 testing facilities were inaccessible to many individuals located in
uninsured, low-income, and rural areas in the U.S. (Rader et al., 2020). Hence, the average time
it takes to get to a COVID-19 testing facility is approximately more than an hour for individuals
who live in rural areas (Khazanchi et al., 2022). Despite these limitations, by July 2020, the
national capacity of testing sites to conduct daily diagnostic tests for COVID-19 had exceeded
over 500,000 (Tromberg et al., 2020). Nevertheless, difficulties in abiding isolation from
COVID-19 have led to surges in the positivity rate, indicating the need for consistent

surveillance for compiling and monitoring testing results in the U.S. (Maya & Kahn, 2023).
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State health departments monitored new cases and deaths related to COVID-19 in the
U.S. and reported them to the CDC (Stokes et al., 2020). The CDC spearheaded COVID-19
surveillance, yet the U.S. government provided little to no resources to them during the
pandemic's beginning (Alexander et al., 2022). The surveillance of COVID-19 cases has some
obstructions due to sporadic reporting, cyberattacks on data sites, and lack of consistent
monitoring from various states (D. Khan et al., 2023). By the beginning of June 2020, the
positivity rate of COVID-19 was approximately over three percent of the U.S. total population
(Unwin et al., 2020). Consequently, the surge in the COVID-19 positivity rate in individuals may
be due to work and income outside the home, thus indicating the need for a vaccine so

individuals could return to their normal lives and financial security (McLaughlin et al., 2021).

1.4 Vaccination roll out during COVID-19 pandemic

Early during the pandemic, developing the first COVID-19 vaccine was prioritized by
many biotechnological companies, as over 150 potential vaccines were proposed by July 2020
(Kaur & Gupta, 2020). Subsequently, the first MRNA-based vaccine, “BNT162b2,” was created
the following year by BioNTech and Pfizer (Fortner & Schumacher, 2021). BioNTech created a
vaccine that targets the spike glycoprotein of SARS-CoV-2 and tested through multiple clinical
trials that evaluated the safety in healthy humans through a sample size of over 18,000
participants (Lamb, 2021). It took approximately one year to develop the vaccine to be given to
individuals over 16, and was approved by the U.S. FDA in late August 2021 (Bailey & Wilson,
2022). Unfortunately, the uptake of the first COVID-19 vaccine in the U.S. faced severe

hesitancy from the public due to misinformation online (Yasmin et al., 2021).

Considering the threat posed by the coronavirus, a survey conducted in 2020 for the U.S.

public showed that approximately 30% would take the vaccine, indicating a lack of concern
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about the pandemic at the time (Bolsen & Palm, 2022). Notable factors that explain the rejection
of the COVID-19 vaccine include the lack of health literacy and worries about vaccine safety, as
shown in a study conducted in the U.S. (Kricorian et al., 2022). Despite the mRNA-based
vaccine being not harmful, the adverse effects are mild or moderate, such as headaches or muscle
cramps (Fortner & Schumacher, 2021). Researchers examining vaccination acceptance
throughout the U.S. found that hesitancy was more prevalent in individuals with low
socioeconomic status and education levels (Yasmin et al., 2021). Towards late August 2021,
only below half of the U.S. population received the vaccination, with the lowest rates amongst

minority groups (Alfaro et al., 2021).

Researchers conducting a literature review amongst U.S. publications found that
individuals from rural areas had limited access to the COVID-19 vaccine primarily due to a lack
of transportation to the few vaccine sites (Kuehn et al., 2022). Another study found that minority
groups receive a lower percentage of vaccinations than their white counterparts, even in urban
areas of the U.S. (Hernandez et al., 2022). The lack of insurance coverage also impacted many
individuals to receive the vaccine in the U.S. due to medical avoidance, as shown in a
comprehensive analysis (Bazan & Akgin, 2021). A review examining factors related to vaccine
hesitancy and interventions that counter them found that concise health information about safety
increased COVID-19 vaccination uptake (Batteux et al., 2022). By October 2021, over 700,000
deaths in the U.S. were related to COVID-19, with socially vulnerable communities suffering the
most (EI-Mohandes et al., 2021). Yet, over 200,00 deaths could have been prevented if

individuals had received the vaccine in the beginning within the U.S. (Jia et al., 2023).



1.5 COVID-19 prevalence, testing, and vaccinations in Southern Nevada

The current study closely examines Clark County within Southern Nevada to disentangle
the relationship between SVI and COVID-19 prevalence. Clark County had the most cases and
deaths from COVID-19 out of all the counties in Southern Nevada, especially among Hispanics,
during the first year of the pandemic (Nevada Health Response, 2020a). The first individual, a
Clark County resident characterized as an older male who had just traveled to Washington,
contracted the coronavirus on March 5 (Southern Nevada Health District, 2020b). It was reported
by the health district, and seven days later, the governor announced a public health emergency
with lockdown effects throughout the state (Southern Nevada Health District, 2020b). Despite
that, towards the end of 2020, there were over 180,000 COVID-19 cases in Clark County due to
a lack of adherence to public policies as many protested against masks and casino shutdowns
(Las Vegas Review-Journal, 2020c; Nevada Health Response, 2020b). Additionally, the first
COVID-19 death happened four days after the first case in Clark County, thus indicating the
immediate need for testing to identify individuals with the coronavirus and prevent further

transmission to others (Southern Nevada Health District, 2020c).

The Southern Nevada Health District reported that testing for COVID-19 cases would
occur on January 29 as concern ensued due to the thriving tourism industry in the state (Elko
Daily, 2020; Southern Nevada Health District, 2020). Testing sites were developed at drive-
throughs at clinics, hospitals, universities, entertainment centers, or even parking garages of
casinos (Las Vegas Review-Journal, 2020a; Las Vegas Sun, 2020a; Las Vegas Sun, 2020D).
COVID-19 testing frequently occurs, as there will be approximately 8,000 tests daily in Southern
Nevada by August 2020 (Las Vegas Sun, 2020a). By the end of September 2020, over 900,000

COVID-19 had been conducted by health professionals throughout the State of Nevada (Las
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Vegas Review-Journal, 2020b). In addition, the state government distributed approximately
600,000 testing home kits to Nevadan residents by January 2022 (Las Vegas Review-Journal,

2020d).

The first vaccines developed by Pfizer-BioNTech were given to residents in Southern
Nevada on December 14, 2020 (Southern Nevada Health District, 2020d). By the end of April
2021, over a million vaccine doses had been given to Clark County of Southern Nevada residents
(Southern Nevada Health District, 2021a). However, the number of full vaccinations received
within Southern Nevada is well below the U.S. average compared to other states (Southern
Nevada Health District, 2021b; USA Facts, 2022). Minority groups accounted for the lowest
number of vaccinations received in the first year of the pandemic (Nevada Health Response,
2020b). Thus, it is imperative to distinguish factors obstructing access to these resources in
socially vulnerable communities, especially when there are approximately 7,000 COVID-19

deaths in Clark County by 2021 (Nevada Health Response, 2020c).

1.6 CDC’s SVI defined and implications for socially vulnerable
communities

The social vulnerability index (SVI) metric assesses vulnerable communities by
classifying U.S. census tracts (i.e., subdivisions of counties) vulnerability through sixteen social
determinants that impact health (Xia et al., 2023). Initially, SVI was designed to inform the
governmental resources needed for vulnerable communities impacted by natural disasters or
disease outbreaks (Tran et al., 2023). Researchers from a CDC program specializing in
geospatial public health developed the SVI under four general domains: Socioeconomic status,
Household composition, Racial and ethnic minority status, and Housing type or transportation in

2011 (Wolkin et al., 2022). Social determinants considered for the first SVI domain are the
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federal poverty line, employment status, income, and completion of a high school diploma
(Flanagan et al., 2011). An application is shown through a study finding an association between
prevalent teenage pregnancies and low socioeconomic status amongst socially vulnerable census

tracts, highlighting a need for intervention (Yee et al., 2019).

Subsequently, household composition is the next SVI domain, considering social
determinants such as age, disability, and single parenting (Flanagan et al., 2011). A study
evaluating SVI combined with a risk assessment for harmful radiological matter from accidents
by nuclear power plants to the public found that disability has lead to a significant risk (Pence et
al., 2019). The domain of racial and ethnic minority status is an essential determinant of health,
as portrayed by Spangler et al. (2019), who found that hazardous hot spots from radiological
contamination across the New England region were associated with census tracts of high SVI
and minority groups. Lastly, the fourth domain, housing type, involves factors like housing
structure, family size, and access to transportation (Flanagan et al., 2011). Individuals seeking
safety from natural disasters like Hurricane Harvey can be life-threatening situations for

vulnerable communities when lacking transportation or mobility (Karaye et al., 2019).

The use of SVI has aided in identifying health disparities through finding associations
among various risk factors and health outcomes throughout the literature. Individuals living in
high levels of SVI areas were more likely to be uninsured and lack coverage for cancer screening
tests (Bauer et al., 2022). Researchers found that increasing health literacy amongst these groups
reduces the disparities, as shown in a study analyzing SVI and the use of costly healthcare
resources (Hanlon et al., 2022). Another identified disparity was that socially vulnerable
communities are more likely to live in areas with high temperatures, as shown in a U.S. study

that looks to identify areas for the allocation of resources (Parsons et al., 2023). Although SVI
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does not come out without limitations, considering its applicability pertains only to census tracts
and restricts use to retrospective data, it can still be utilized to distinguish disproportionate
impact on socially vulnerable communities from disasters like COVID-19 (Adepoju & Kiaghadi,

2023).
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2. Literature review

2.1 SVI influence on COVID-19 testing, vaccination, and prevalence

As indicated by a number of studies examining this association, COVID-19 testing rates
typically trend towards a lower rate amongst areas with a high SVI (Al Rifai et al., 2022). Bilal
et al. (2021) also found that a high SVI was associated with lower testing rates throughout three
U.S. cities. Factors like individuals older than 65, no health insurance, congested households,
and low English proficiency were associated with low COVID-19 testing rates in the U.S.
(Troppy et al., 2021). However, one study found that Alabama's COVID-19 testing rate and SVI
were not significantly associated (Oates et al., 2021). One study found that high testing rates
were associated with factors like minority status, deprived housing, and transportation in
Louisiana but low testing rates in Alabama despite similar populations regarding
socioeconomics, ethnicity, and region size from both states (Karaye & Horney, 2020; Oates et
al., 2021). The variety of associations displays diverse impacts of utilizing SVI in different areas

for COVID-19 testing rates (Karaye & Horney, 2020).

A plethora of studies conducted in the U.S. has found that factors related to SVI’s SES,
like lack of health insurance, low education levels, and low income, are associated with low
COVID-19 vaccination rates (Donadio et al., 2021; Khairat et al., 2022; Thakore et al., 2021).
Despite that, vaccination rates are higher among individuals who are unemployed and low rates
among individuals currently working in the blue-collar sector due to hesitancy to trust the
government (Ali & Samin, 2021; King et al., 2021). Individuals over 65 are most likely to be
vaccinated, while individuals with a disability in areas classified by SVI are not associated with
the COVID-19 vaccination rate (Diesel et al., 2021; Hughes et al., 2021). Several studies found

that Black and Hispanic individuals living in zip codes with a high SVI were more likely to be
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vaccinated compared to White individuals even with a lack of accessibility, as mentioned
previously (Kriss et al., 2022; Mody et al., 2022; Wong et al., 2021). Individuals who lived in

rural areas reported a lower vaccination rate than urban residents (Baack et al., 2021).

As predicted, a high SVI, and factors like low income and working in an occupational
field that requires manual labor are associated with COVID-19 infection prevalence in multiple
studies (Ali et al., 2020; DuPre et al., 2021; Paul et al., 2021; Porter et al., 2021). Extreme age
ends (e.g., older than 65 and younger than 18) appeared disproportionately impacted by being
infected more from COVID-19 within socially vulnerable communities (Amaia et al., 2020;
Bhowmik et al., 2021; Mufioz-Price et al., 2020). Individuals with a disability and single-parent
households were associated with a higher COVID-19 prevalence rate within areas with a high
SVI (Sung, 2021; Tortolero et al., 2021). A vast majority of studies found that COVID-19
infection was more prevalent among Black Americans and Hispanics compared to Whites due to
factors related to financial hardship (Dasgupta et al., 2020; Frisco et al., 2022; Gold et al., 2020;
Hughes et al., 2021; Matias et al., 2023; Samuel et al., 2021; Tortolero et al., 2021; Wiley et al.,
2022; Williams et al., 2022; Wong et al., 2023). Lastly, concerning housing type and
transportation, crowded homes, rural areas, and lack of transportation indicated a higher COVID-
19 prevalence rate as exposure to the disease is more likely (Megahed et al., 2022; van Ingen et

al., 2022; Zegarra Zamalloa et al., 2022).

2.2  COVID-19 testing influence on vaccination and prevalence

COVID-19 testing rate is positively associated with the prevalence rate, especially in
countries with a high human development index like the U.S. (Assefa et al., 2022). Early in the
COVID-19 pandemic, the testing rate also increased as new cases of COVID-19 arose

(Rosenberg et al., 2020). Despite limited access to testing Kits, the prevalence of the disease
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emerged in many individuals who reported higher severity of symptoms (Morlock et al., 2021).
Individuals who reported to be Black or Hispanic were shown to test for COVID-19 more and
receive more positive results at a higher rate than Whites (Rentsch et al., 2020). However, people
who lacked health insurance were also more likely not to get tested for COVID-19 while having

the highest prevalence of contracting the virus in 2020 (Gaffney et al., 2022).

The testing rate dropped sharply in 2021, while free at-home COVID-19 testing kits were
released to the public by the U.S. in 2022 (Kirby et al., 2023; Usher, 2022). Consequently, there
were increases in COVID-19 cases throughout 2021 due to the surge of a new variant where the
vaccine's potency dwindled, indicating the need for booster shots (Clarke et al., 2022; Johnson et
al., 2023). Cases of COVID-19 spread to individuals who were already infected with the virus
early in the pandemic (Ma, 2023). Subsequently, the use of home testing kits decreased as the

prevalence of COVID-19 went down during the beginning of 2022 (Rader et al., 2022).

The COVID-19 testing rate is inversely related to the vaccination rate, as individuals
were less likely to test after being fully vaccinated (Kuitunen et al., 2022). Subsequently,
vaccinated individuals were less likely to test for COVID-19 in the early days of receiving their
first dose (Pawlowski et al., 2021). Similarly, the lowest testing rate for COVID-19 was among
nursing home employees who were fully vaccinated (White et al., 2023). The number of testing
positive is lowered as the vaccination rate increases, as shown among veterans (Rudolph et al.,
2021). In addition, people were less likely to vaccinate even if they are at more risk for testing

positive for COVID-19 (Reynolds et al., 2022).

Multiple studies examining the efficacy of boosters’ shots to combat the new COVID
variants are that showing that it does prevent potential infections compared to individuals that

have not taken the booster (Butt et al., 2022; Drawz et al., 2022; Sharma et al., 2022).
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Subsequently, individuals who received multiple booster shots would also be less likely to be
hospitalized for COVID-19 (Ferdinands et al., 2022; Havers et al., 2022; Mehta et al., 2022)
Individuals who had received the bivalent booster shot had the lowest COVID-19 prevalence

during 2021 and onwards (Johnson et al., 2023).

2.3  COVID-19 vaccination influence on prevalence

COVID-19 vaccination is associated with decreasing the number of new cases, as shown
in a study conducted in the U.S. (Yamana et al., 2023). Multiple studies have shown that
individuals who received the first COVID-19 dose reduced the chances of receiving SARS-CoV
infection in risk areas like socially vulnerable communities or surgery (Jones et al., 2021; Prasad
et al., 2022). Individuals who are fully vaccinated are associated with lowering the incidence of
COVID-19 compared to individuals who were not vaccinated (Redmond et al., 2022). Even
individuals infected with COVID-19 are shielded from having an infection again from the virus
after fully vaccination (Cavanaugh et al., 2021). Ultimately, full vaccination lowers the
prevalence of COVID-19 at a higher rate than partial vaccination amongst hospitalized patients

(Maltezou et al., 2023).

The vaccine was associated with reducing the spread of COVID-19 after eight months of
receiving all doses, as seen in a study conducted in multiple hospitals (Petras et al., 2021)
However, many studies noted that the effectiveness of the COVID-19 vaccine through a long-
term period slowly diminished over time, indicating a need for more booster shots (Machado et
al., 2022; Nordstrom et al., 2022). Subsequently, the COVID-19 vaccine also manages to reduce
the risk of COVID-19 spread, but over time, the effect wanes throughout vulnerable
communities like hospital patients (L. Y. W. Lee et al., 2022). The rate of COVID-19 reduced

new cases of COVID-19, but that waned as new variants emerged (Glatman-Freedman et al.,
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2022; Kissling et al., 2022). However, one study conducted in the U.S. found that the
effectiveness of the vaccine after six months was still high, though infection from COVID-19

was due to diminishing immunity (Tartof et al., 2021).

Literature is sparse with analysis examining the COVID-19 vaccination rate as a mediator
for the relationship between socioeconomic factors and the COVID-19 prevalence rate.
However, researchers examining the mediating role of a COVID-19 vaccination rate across the
U.S. could dramatically decrease the COVID-19 mortality rate amongst individuals at the
poverty level (Goto et al., 2023). One study found that the COVID-19 vaccination coverage rate
is the mediator between highly socially vulnerable communities and fatal cases by exacerbating

the disparity by improper allocation of vaccines (Chen et al., 2022).
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3. Study significance and gaps in knowledge

The COVID-19 pandemic was a life-alternating event for millions in the U.S., especially
in vulnerable communities who may be at risk of not having access to a home, food, income,
transportation, etc. It is essential to distinguish factors related to testing and vaccination rates in
socially vulnerable communities to provide them with adequate resources to combat risk from
infectious diseases. Thus, the current study aims to determine if COVID-19 testing and
vaccination rates mediate SVI and COVID-19 prevalence. Social vulnerability contributed to an
excessive number of deaths from COVID-19 in the U.S., underlying the importance of studies
that investigate the variables that may magnify the effect of SVI on the COVID-19 prevalence
rate (Motairek et al., 2022). This study is the first to examine the relationship between SVI and
COVID-19 prevalence rates mediated vaccination rates in Southern Nevada as of this point in
time. It is vital to identify the needs of areas by determining what factors lead to health
disparities and vaccine hesitancy and eventually promote health literacy within communities to
increase vaccination rates. (Dubé et al., 2015). Moreover, studies in the literature review only
included factors like mobility, lifestyle, material deprivation, and neighborhood characteristics as
mediators in examining the association (Hu et al., 2021; Razieh et al., 2021; Wong et al., 2022;
Yoshikawa & Kawachi, 2021). Mediation studies are limited throughout COVID-19 literature
despite the effectiveness of exploring mechanisms between variables that can assess the pre-

existing needs for deprived areas like access to vaccination sites (Hayes, 2017).

Subsequently, this is the first serial mediation analysis with the COVID-19 vaccination
rate and testing rate as sequential mediators for the association between SVI and the COVID-19
prevalence rate. Likewise, analysis examining mediation roles alone for testing and vaccination

rates is scarce throughout the literature. An analysis incorporating testing rate is valuable by
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identifying factors related to low access to testing kits amongst socially vulnerable communities
(R. M. Lee et al., 2022). Research related to the CDC’s SVI is also minimal, as it may be
challenging to apply the variables it takes into consideration to every community for COVID-19.
However, this study highlights the importance of the SVI impacting the COVID-19 prevalence
rate in census tracts throughout Southern Nevada, considering strains of COVID-19 are still

evolving and spreading in the U.S. (Carabelli et al., 2023).
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4, Aims and hypothesis

Health disparities are intensified throughout vulnerable communities by the emergence of
the COVID-19 pandemic in the U.S. due to a lack of access to healthcare services, transportation,
and financial hardship (Freese et al., 2021). Thus, vulnerable areas with high SVI index are usually
associated with an increased risk of contracting COVID-19 (Karaye & Horney, 2020). However,
whether the relationship is mediated through testing or vaccination rates is unknown due to the
lack of research in this area. More studies are needed to examine the mechanisms that explain the
pandemic's disproportionate impact on vulnerable communities. The prevalence of COVID-19 has
been high in Southern Nevada, especially in socially vulnerable areas compared to other U.S.
regions (Wang et al., 2022). It is essential to understand better the effects of the testing and
vaccination rates on the prevalence of SVI so that adequate support and resources for vulnerable
communities are ready for future infectious outbreaks. Therefore, this study aims to evaluate
whether testing or types of vaccination rates mediate the relationship between SVI and COVID-
19 prevalence. We also aim to examine whether the testing and vaccination rates for COVID-19
serially mediate the relationship between SVI and COVID-19 prevalence rates.

The following major research questions will be examined:

Research Question #1: Does the COVID-19 testing rate mediate the relationship between the

Social Vulnerability Index and COVID-19 prevalence in Southern Nevada?
Ho: COVID-19 testing rate does not mediate the relationship between the Social
Vulnerability Index and COVID-19 prevalence rate
Ha.: COVID-19 testing rate does mediate the relationship between the Social

Vulnerability Index and Covid-19 prevalence rate
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Research Question #2: Does the COVID-19 full or follow-up vaccination rate mediate the

relationship between the Social Vulnerability Index and COVID-19 prevalence in Southern

Nevada?

Ho: COVID-19 full or follow-up vaccination rate does not mediate the relationship
between the SVI and COVID-19 prevalence rate
Ha.: COVID-19 full or follow-up vaccination rate does mediate the relationship

between the SVI and COVID-19 prevalence rate

Research Question #3: Do the COVID-19 testing and vaccination rates serially mediate the

relationship between the Social Vulnerability Index and COVID-19 prevalence in Southern

Nevada?

Ho: COVID-19 testing and vaccination rates do not serially mediate the
relationship between the SVI and COVID-19 prevalence rate
Ha.: COVID-19 testing and vaccination rates do serially mediate the relationship

between the SVI and COVID-19 prevalence rate
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5. Methodology

5.1  Study design

The study utilizes secondary data following a cross-sectional design, including 535 census
tracts in Clark County of Nevada via COVID-19 and SVI data. COVID-19 data for testing,
vaccination, and prevalence are accessible through reports from Southern Nevada Health Districts.
The current study cross-sectionally analyzes the comprehensive data regarding SVI and COVID-
19 in U.S. census tracts (Setia, 2016). All COVID-19 data were accumulated from January 2020
to June 2022. The purpose of compiling this data was to better understand the spread, whether
enough testing or vaccination happened in Southern Nevada, the risk of being infected with
COVID-19, and to assess the vulnerability of Southern Nevada census tracts. The CDC prepared
SVI data utilized for this study, and this index has been updated biannually since 2010 (CDC,

2022).

5.2  Ethics

The Office of Research Integrity at the University of Nevada, Las Vegas, did not review
the study. The study does not include human subjects since it comprises cumulatively aggregated
by census tract. Thus, institutional review board approval was unnecessary as data was accessible
online via the CDC website. The confidentiality regarding vaccination, testing, or diagnosis of

COVID-19 is protected since the dataset used tract-level FIPS codes for the geographic areas.

5.3 Study Area

The study area revolves around the largest county in Southern Nevada and is the place of

residence for over two million individuals. Clark County was created in 1909 and is one of the
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most heavily populated counties in the U.S. (Borden & Lednicky, 2021). Clark County consists
of multiple ethnicities and contains more than seventy percent of the entire Nevada population
(Borden & Lednicky, 2021). The Las Vegas metro area contains over 800,000 households and is
the base of a flourishing tourism industry (Census Reporter, n.d.). The exact study area focused
on will be in Clark County, the Las VVegas metropolitan area. It includes three major cities in
Southern Nevada: Henderson, North Las Vegas, and Las Vegas, with the boundaries via census

tracts displayed in Figure 1 (Encylcopedia Britannica, n.d.).

Figure 1. Census tract boundaries in Clark County, NV
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5.4  Study instrument and data collection

The SVI data in 2020 comes from a federal agency that utilized U.S. census variables to
develop the SVI via its Geospatial Research, Analysis, and Services program. The purpose was
to distinguish vulnerable communities and provide more support to them when they face
catastrophic events like infectious outbreaks (Flanagan et al., 2011). The SVI ranks the social
vulnerability of each census tract within the U.S. based on 16 social variables (CDC, 2022). The
information used to update the SVI from multiple databases such as the U.S. Bureau Census,
Tribal database, and more (CDC, 2022). The current study utilizes the relative social

vulnerability rankings of Southern Nevada.

The University of Nevada, Las Vegas faculty compiled the COVID-19 dataset from
2020 to 2021 and is utilized for this current study. The FIPS state and county, leading to the
census tract code, served as the unit for aggregating the geocoded COVID-19 testing,
vaccination, and prevalence rates. As geocoding may not be entirely accurate, the current study
utilizes only data with 100% address matching and verification through ESRI and SMARTY
geocoding services (Esri, n.d.; Smarty, n.d.). ESRI and SMARTY provide geographic info
databases that can verify addresses' existence and identify their coordinates. About 95% of
incidence, vaccination, and testing records combined were confidently geocoded with a matching

score of 100%.

5.5  Variable definitions

5.5.1 Main dependent variable and predictor
The main dependent variable is the COVID-19 prevalence rate, which will be later log-
transformed. It will also be age-adjusted by the county’s populations through categories of 0-4, 5-
17, 18-24, 25-49, 50-64, 65+ year-old. The main predictor for this study is the SVI as originally
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developed by the CDC and Agency of Toxic Substances and Disease Registry’s Geospatial
Research, Analysis, and Services Program (Flanagan et al., 2011). SV1 is utilized to rank census
tracts on sixteen social condition variables that relate to socioeconomics and individual
characteristics like ethnicity (Agency for Toxic Substances and Disease Registry, 2022). The 16

variables that make up the SVI are displayed in Figure 2.

These 16 social variables are 5-year estimates from the American Community Survey from
2016 to 2020 and attributed to four themes in terms of household characteristics, racial and
minority status, housing type and transportation, and socioeconomic status (Agency for Toxic
Substances and Disease Registry, 2022; U.S. Census Bureau, 2016). The estimates are later on
converted to percentile ranks and the summation of these percentile ranks from all of the social

variables is the SVI (Agency for Toxic Substances and Disease Registry, 2022). The purpose
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Figure 2. SVI 16 variables and 4 themes. Reprinted from CDC SVI Documentation 2020 by

Agency for Toxic Substances and Disease Registry. Retrieved from

https://www.atsdr.cdc.gov/placeandhealth/svi/documentation/SVI documentation 2020.html
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behind these variables was to distinguish populations that may be socially vulnerable to be aware

of potential adverse events and how to prepare for it (Agency for Toxic Substances and Disease

Registry, 2022; Flanagan et al., 2011).

5.5.2 Mediators

The mediators for the study are the COVID-19 testing rate, full vaccination rate, and

follow-up vaccination rate, which are all age-adjusted and log-transformed. Full vaccination
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includes individuals who received two COVID-19 vaccine doses. In contrast, follow-up

vaccination is booster doses for COVID-19 administered after the full vaccination.

5.5.3 Covariates

Covariates related to COVID-19 were incorporated into the study as well. These
covariates include inactive commuting, park deprivation, retail density, housing inadequacy,
segregation, and population density. These covariates fill specific gaps not covered in SVI while
not violating multicollinearity, such as inactive commuting. Inactive commuting is the
percentage of individuals who are 16 or older and go to work without using transit, cycling, or
walking. Park deprivation is the percentage of the population residing more than half a mile from
a park beach or open space larger than 1 acre. Retail density is the employment density of retail,
entertainment, services, and education jobs acre on unprotected land. Housing inadequacy is the
percentage of households that lack kitchen facilities and plumbing. Segregation is the index of
dissimilarity (Krieger et al., 2017). The index estimates the unequal spread of the selected
subgroups in the areas where a low score indicates the same amount of both groups, and high
scores indicate that the social groups do not reside in the area together (Krieger et al., 2017).
Lastly, population density is simply the number of inhabitants divided by the area in square
miles. All of the raw data will be downloaded from the American Community Survey, Smart
Location Database, and the U.S. Department of Housing and Urban Design. These covariates

will be transformed into percentile ranks like those social condition variables in the SVI.

5.6  Statistical analyses

The study acquired descriptive statistics by utilizing the percentile of census tracts to
compute the coefficient of the linear regression between the SVI mediators (i.e., COVID-19

testing and vaccination rates) and the COVID-19 prevalence rate. The sample was from 535
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census tracts within the Las Vegas Metro area in Southern Nevada, with over 2 million
individuals of diverse ethnic composition (Census Reporter, n.d.). Multiple studies highlight
SVI's existing relationship with the COVID-19 prevalence rate, as shown in the current study
literature review. The covariates included in this study were more likely to be related to the SVI

and influence the COVID-19 prevalence rate.

Mediation analyses assessed the effect between the predictor and dependent variables via
a third variable utilized by the current study to answer whether testing and vaccination rates
mediate the association between SVI and the COVID-19 prevalence rate. These statistical
methods test hypotheses regarding not only how the SV affects the dependent variable but also
how it transmits its influence onto the COVID-19 testing rate or vaccination rate, causing
variation in the COVID-19 prevalence rate, as shown in Figure 3. The conceptual diagram for

the mediational analysis conducted for the current study is displayed below in Figure 3.
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Figure 3. Conceptual diagram of research question 1 & 2

COVID-19 testing/full
vaccination/follow-up
vaccination rate (M)
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c prevalence rate (Y)

The linear regression equations for the mediation analysis are:

Model 1. My = iy, + aX + Y{_, y;Covariate; + ey

Y =iy + ¢’ X+ bM; + Y5, y;Covariate; + ey
Model 2. M, = iy, + aX + Y7, y;Covariate; + ey

Y =iy + ¢’ X+ bM, + Y, y,Covariate; + ey
Model 3. M5 = iy, + aX + >6 . yiCovariate; + ey

Y =iy + ¢’ X+ bM; + Y¢_,y;Covariate; + ey

, Where

Y = log-transformed COVID-19 age-adjusted prevalence

X =SVI

M; = log-transformed COVID-19 age-adjusted testing rate
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M, = log-transformed COVID-19 age-adjusted full vaccination rate

M;= log-transformed COVID-19 age-adjusted follow-up vaccination rate

Covariate; = the i*" covariate

(imy» Tm, iy, Ly) = regression intercepts

(a,b,c’, y;) = regression slopes

(eum, ey) = error terms

The methodology behind computing all the unknown parameters, total, direct, and
indirect effects, is the ordinary least squares regression, which determined the linear relationship
of the SVI and COVID-19 prevalence rate by reducing deviation between the sum of squares'
difference between data points of COVID-19 prevalence rate versus estimated values. The SVI's
direct, indirect, and total effects via testing and vaccination rate were further analyzed. The
direct effect is how two cases differ by one unit on the SVI diverge by yielded ¢’ units on the
COVID-19 prevalence rate with the mediator held constant. The indirect effect is computed from
the product of a and b, which can be explained as ab units differ on the COVID-19 prevalence
rate via the mediator when two cases differ by a single unit on SVI. The total effect is denoted as
¢, which is equal to the sum of the direct and indirect effects of SVI (i.e., ¢ = ¢’ + ab). The total
effect quantifies how much two values deviate by one unit on the SV1 are estimated to differ on

the COVID-19 prevalence rate.

The confidence intervals derived from the linear regression are procured for the indirect
effect from the mediators (e.g., COVID-19 testing rate, prevalence rate, vaccination rate) with
bootstrapping due to sample distribution’s nonuniformity regarding the product ab. The steps

for bootstrapping follow the same usual resampling technique regarding sampling a dataset;
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however, the percentile bootstrapping for the indirect effects are ranked from low to high while

estimating upper and lower bounds of the confidence interval from these equations:

Upper bound: 0.005(100 — ci)]

Lower bound: k[1 — 0.005(100 — ci)]

, Where ci is the selected confidence interval, and k represents the number of times the original

sample was bootstrapped, which was set to 5,000 in this study (Hayes, 2017).

Serial mediation analyses test for the same effects but involve more than one mediator in
a sequential order; thus, the current study analyzed whether the SV effect transmitted to the
COVID-19 testing rate, then to the COVID-19 full vaccination rate, and then to the follow-up
rate effect on to the COVID-19 prevalence rate. The sequential order of the serial mediation
analysis is justified that the prevention of COVID-19 infections is through testing and obtaining
vaccination. Individuals who test are more likely to receive the vaccination to prevent infection
from COVID-19. Thus, the first mediator, COVID-19 testing rate, will come before the second
mediator, COVID-19 full vaccination rate. Subsequently, COVID-19 follow-up vaccination rate
will come next in the sequential order since this can only be obtained if the individual receive
two doses of the vaccine. The current study conceptual diagram for the serial mediation analysis

is displayed in Figure 4.
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Figure 4. Conceptual diagram of research question 3
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The linear regression equations for the serial mediation analyses are:

Model 4. M; = iy, + a,X + Xi_, y;Covariate; + ey,

M, =iy, + ayX + dyM; + Y- yviCovariate; + ey,

M3 = iM3 + a3X + d31M1 + d32M2 + Zi6=1]/ic0variatei + eM3

Y =iy + ¢'X + b M; + b,M, + byM; + Y5, y;Covariate; + ey

Y = log-transformed COVID-19 age-adjusted prevalence

X =SVI

M; = log-transformed COVID-19 age-adjusted testing rate

M, = log-transformed COVID-19 age-adjusted full vaccination rate

M= log-transformed COVID-19 follow-up vaccination rate
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Covariate; = the it" covariate
(imy, im, my, Ly) = regression intercepts
(a1,a, as, by, by, bz, dyq, dsq, d3p,v;) = regression slopes

(eu, ey) = error terms

The methodology for computing the effects and unknown parameters of serial mediation
analysis is the same as that of simple mediation analysis. However, its indirect effects depend on
three mediators. The computation for the indirect effects (e.g., ab) is by multiplying the values of
the regression coefficients related to each step within the indirect effect pathway by SVI towards
the COVID-19 testing rate and sequentially to the COVID-19 vaccination rate. They are depicted
as estimated differences in the COVID-19 prevalence between two cases that differ by one unit on
SVI through the previously mentioned sequential order to the mediators and then the prevalence
rate. Finally, the total number of the indirect effect is cumulatively summed as the SVI's total

indirect effect, and the direct effect is summed for the total effect of the serial mediation model.

Model selections were especially conducted in the serial mediation model for deriving
significant findings in the total, direct, and indirect effects (total and individual) by considering all
combinations among covariates starting from single covariate to all six covariates. Subsequently,
a model with the most significant total, direct, and total indirect effects is sought out as it indicates
the pathways between SVI and COVID-19 prevalence rates work through the serial mediators. A
lack of significance through the direct effect would highlight that the entire model should be
changed, as there is no association between SVI and the COVID-19 prevalence rate. A lack of
significant total effect (i.e., the sum of direct and indirect effects) and total indirect effect (i.e., the

sum of all mediator’s effects simultaneously) would indicate that the effect from SVI and COVID-
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19 is not carried through the serial mediators; thus, only partial or lack of mediation. The absence
of a significant individual indirect effect pathway (e.g., COVID-19 testing rate -> COVID-19 full
vaccination rate) shows that the effect for mediating SVI and COVID-19 prevalence is not carried
out through one of the mediators in the serial mediation analysis. Additionally, the lack of
pathways being significantly associated is another sign that no serial mediation is happening. The
serial mediation effect tables display the significant status of all effects with all combinations from
no covariate to six covariates to find the most significant model (see Appendix Table Al~Table
AT). A serial mediation model analyzed in SAS with three covariates displayed the most
significant values for the total, direct, total indirect, and one indirect individual effect of -0.02 with
95% CI =-0.04, -0.01 strictly less than 0 (see Appendix Table A4). Every other analyzed model
through PROCESS macro, including 0,1,2,4,5,6 covariates, displayed fewer significant values.
Thus, the serial mediation model with mediators COVID-19 testing rate, COVID-19 full
vaccination, COVID-19 follow-up vaccination, and covariates park deprivation, retail density, and

segregation was selected.

The estimated coefficient for these variables, like COVID-19 prevalence, testing, and
vaccination rates, were derived from the log-log regressions. A log-log regression is a regression
analysis that will change the values on the dataset to be linearized and displayed on a logarithmic
scale. The reason why our model is a log-log regression is because each variable, such as the
COVID-19 prevalence rate, COVID-19 testing rate, COVID-19 full vaccination rate, and COVID-
19 follow-up vaccination, is log-transformed to adjust and remove influence from outliers. The
log-log regression computes the coefficient from this as it is the approximated percent change in
the COVID-19 prevalence through the percent change in the mediators. Meanwhile, a 1% increase

in the mediators will lead to a % increase in the expected COVID-19 prevalence. The beta or
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coefficient indicates the estimated average change in our dependent variable, the COVID-19

prevalence rate, by the unit change in SVI.

The assumptions for all linear regression models were also tested. Linearity was checked
regarding the COVID-19 prevalence being linearly related to SVI by checking if the plots
displayed a nonlinear pattern. The Durbin-Watson statistic, Shapiro-Wilk, and White tests via
SAS tested the independence, normality, and equal variance assumptions. A p-value of less than
0.05 for each test indicates the violation of corresponding model assumptions. Multicollinearity
was also checked to rule out whether SVI was highly correlated with the other variables, where
the variance inflation factor (VIF) with a value of over ten indicates the existence of

multicollinearity.

The significance level for these associations was set to 0.05. SAS Studio Online (SAS
Institute Inc., NC, Cary) was used to conduct all the mediation and serial mediation analyses via

the PROCESS macro (Hayes, 2017).
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6. Results

6.1  Descriptives

COVID-19 prevalence rate ranged from 4.40 to 989.26 cases per 1,000 people, where the
average was 233.45 cases per 1,000 people (Standard deviation [SD] = 78.58). COVID-19
testing rates ranged from 49.86 to 12476.19 cases per 1,000 people, where the average was
1851.3 tests per 1,000 people (SD = 757.59). The COVID-19 full vaccination rate ranged from
45.70 to 17371.41 vaccinations per 1,000 people, with an average of 611.49 cases per 1,000
people (SD = 808.93). However, there were two outliers for the COVID-19 full vaccination rate
(17371.41 and 7927.198 vaccinations per 1,000 people), which may be due to the free
accessibility to the vaccine to even individuals who are not residents and staying in the strip of
Las Vegas. The COVID-19 follow-up vaccination rate ranged from 0.00 to 1270.61 cases per

1,000 people, with an average of 281.26 per 1,000 people (SD = 124.75).

Summary statistics for the 16 social condition variables are shown in Table 1. The SVI
ranged from 1.45 across to 13.33 percentile rankings, where the average was 7.79 percentile
rankings (SD = 2.55). The correlation matrix bivariate relationships can be found below in Table
2. There were several significant correlations amongst the COVID-19 and SVI measures, where
significantly negative correlations coefficients were -0.26 between SVI and COVID-19 testing

rate (95% Cl = -0.33, -0.18).
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Figure 5. Geospatial distribution of SVI and COVID-19 measures

(@) sVl

(b) Adjusted COVID-19 prevalence rate

(c) Adjusted COVID-19 testing rate

Table 1. Summary statistics of the SVI and COVID-19 measures

Variable Mean SD Min Q1 Median Q3 Max

SVI 7.79 2.55 1.45 5.74 7.64 9.90 13.33
COVID-19 233.45 78.58 4.40 193.29 224.66 260.02 989.26
Prevalence rate

COVID-19 testing 1851.30  757.59 49.86  1558.21  1756.14 1995.45 12476.
rate 19
COVID-19 full 611.49 808.93 45.70 492.57 546.36 616.19 17371.
vaccination rate 41
COVID-19 281.26  124.75 0.00 213.89 260.92 323.84 1270.6
follow-up 1

vaccination rate

Abbreviation: SVI = Social Vulnerability Index; SD = Standard deviation; Q1 = First quartile;

Q3 = Third quartile
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Subsequently, the correlation coefficient of -0.13 between SVI and COVID-19 full
vaccination rate (95% CI =-0.21, -0.04) and -0.58 between SVI and COVID-19 follow-up
vaccination rate (95% CI = -0.63, -0.52) were shown in Table 2. In addition, the COVID-19
prevalence rate was positively and moderately associated with COVID-19 testing, vaccination,
and follow-up vaccination rates with a correlation coefficient of 0.78 (95% CI = 0.75, 0.81), 0.31
(95% CI1=0.24, 0.39), and 0.55 (95% CI = 0.48, 0.60), respectively. The COVID-19 testing rate
was highly associated with the COVID-19 full vaccination rate, where the correlation coefficient
was 0.71 (95% CI1 = 0.66, 0.75), and the COVID-19 follow-up vaccination rate, where the
correlation coefficient was 0.72 (95% CI = 0.67, 0.75). Lastly, the COVID-19 full vaccination
rate was also moderately and positively associated with the follow-up vaccination, as shown by

the coefficient of 0.52 (95% CI = 0.46, 0.58).

Table 2. Pearson’s correlation among the SVI and log-transformed COVID-19 measures

Variable COVID-19 COVID-19 COVID-19 full COVID-19 follow-
prevalence rate testing rate vaccination rate up vaccination rate
Svi -0.07 -0.26 -0.13 -0.58
(-0.15, 0.02) (-0.33, -0.18) (-0.21, -0.04) (-0.63, -0.52)
COVID-19 - 0.78 0.31 0.55
Prevalence rate (0.75, 0.81) (0.24, 0.39) (0.48, 0.60)
COVID-19 testing - - 0.71 0.72
rate (0.66, 0.75) (0.67,0.75)
COVID-19 full - - - 0.52
vaccination rate (0.46, 0.58)

Abbreviation: SVI = Social Vulnerability Index
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6.2  Mediation Analysis of COVID-19 testing rate as mediator

After removing missing data, the mediation analysis for research question one examined
534 samples for COVID-19 testing as the mediator of the relationship between SVI and COVID-
19 prevalence rate. SVI was found to be significantly inversely associated with COVID-19
testing rate. Figure 6 shows that, after controlling all covariates, SV1 significantly decreased the
adjusted COVID-19 testing rate by -47.04 cases per 1,000 people (95% CI =-82.98, -11.11; p-
value = 0.0104) on average. Subsequently, the adjusted COVID-19 testing rate was found to be a
significant mediator over SVI and COVID-19 prevalence rate. Moreover, a 1% increase in the
adjusted COVID-19 testing rate significantly increased 0.08% (95% CI =0.08, 0.09; p-value <
0.0001) in the adjusted COVID-19 prevalence rate. This indicates that the adjusted COVID-19
testing rate is proportionately related to the adjusted COVID-19 prevalence rate, where there is
more testing among infected individuals. The indirect effect was -3.98 with a 95% CI = (-7.43, -

0.11) strictly lower than 0, proving the testing rate to be a significant mediator.
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Figure 6. Diagram of COVID-19 testing rate as mediator. Parentheses show 95% confidence

intervals.
COVID-19 testing
rate (M)

a=-47.04 b=0.08

(—82.98,-11.11) (0.08.0.09)

p-value =0.0104 p-value <0.0001

Social COVID-19
Vunerability prevalence rate
Index (SVI) (X) =179 )
(5.62.10.22)

p—value < 0.0001

Table 3. Mediation analysis of the adjusted COVID-19 testing rate as the mediator between the

SVI and adjusted COVID-19 prevalence rate.

Path® Effect® 95% ClI P-value
Total Effect (c) 3.94 (0.14, 7.74) 0.0423
Direct Effect (¢’) 7.92 (5.62, 10.22) < 0.0001
a -47.04 (-82.98, -11.11) 0.0104
b 0.08 (0.08, 0.09) < 0.0001
Indirect effect (ab) -3.98 (-7.43,-0.11) -

8 a: SVI — Adjusted COVID-19 testing rate. b: Adjusted COVID-19 testing rate — Adjusted COVID-19 prevalence rate.
88 All effects were adjusted by covariates.
Abbreviation: Cl = Confidence interval

Subsequently, both of the direct effect (7.92; 95% CI = 5.62, 10.22; p < 0.0001) and total effect

(3.94; 0.14, 7.74; p = 0.0423) were all positively significant, shown in Table 3.

Several covariates were found to be statistically significant and associated with the

mediation model regarding testing rate as a mediator, such as segregation (p-value = 0.0009),
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population density (p-value < 0.0001), park deprivation (p-value = 0.0141), and retail density (p-

value < 0.0001).

Overall, the mediating effect for this effect from COVID-19 testing rate towards SVI and
COVID-19 prevalence was statistically significant. Therefore, to answer the hypothesis for the
first research question, “Does the COVID-19 testing rate mediate the relationship between the
Social Vulnerability Index and COVID-19 prevalence in Southern Nevada?”, the null hypothesis
is rejected to conclude that ‘COVID-19 testing rate does mediate the relationship between the

Social Vulnerability Index and Covid-19 prevalence rate.’

6.3 COVID-19 full and follow-up vaccination rate as a mediator

Similarly to the previous research question, research question 2 regarding full vaccination
rate as mediator analyzed 534 samples for the relationship between SVI and COVID-19
prevalence. After controlling all covariates, the SVI was found to be significantly inversely
related to the adjusted COVID-19 full vaccination by -59.00 cases per 1,000 people (95% CI = -
98.78, -19.23; p-value = 0.0037) on average as shown in Figure 7. Additionally, Table 5 displays
the adjusted COVID-19 full vaccination rate significantly mediating the relationship between the
SVI and the adjusted COVID-19 prevalence rate. Since a 1% increase in the adjusted COVID-19
full vaccination rate significantly increases 0.03% (95% CI1 = 0.02, 0.04; p-value < 0.0001) in the
adjusted COVID-19 prevalence rate. Another sign of the adjusted COVID-19 full vaccination
being a significant mediator is through the indirect effect being -1.88 with a 95% CI = (-7.54, -
0.95) strictly less than 0. In addition, both the direct effect (5.82; 95% CI = 2.20, 9.43; p-value =
0.0017) and the total effect (3.94; 95% CI = 0.14, 7.74; p-value = 0.0423) were positively

significant, shown in Table 4.
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Figure 7. Diagram of COVID-19 full vaccination rate as mediator. Parentheses show 95%

confidence intervals.

COVID-19 full
vaccination rafe
™)
a=-59.00 b=0.03
(-98.78,-19.23) (0.02,0.04)
p-value =0.0037 p-value <0.0001
Social COVID-19
Vulnerability prevalence rate
Index (SVI) (X) =582 (Y)
(2.20.9.43)

p-value =0.0017

Table 4. Mediation analysis of the adjusted COVID-19 full vaccination rate as the mediator between the

SVI and adjusted COVID-19 prevalence rate.

Path® Effectss 95% CI P-value
Total Effect (¢) 3.94 (0.14,7.74) 0.0423
Direct Effect (¢") 5.82 (2.20,9.43) 0.0017
a -59.00 (-98.78, -19.23) 0.0037
b 0.03 (0.02, 0.04) <0.0001
Indirect effect (ab) -1.88 (-7.54, -0.95) -

8§ a: SVI — Adjusted COVID-19 full vaccination rate. b: Adjusted COVID-19 full vaccination rate — Adjusted COVID-19
prevalence rate.

88 All effects were adjusted by covariates.

Abbreviation: Cl = Confidence interval

There were a couple of covariates were found to be statistically significant associated

with mediation model regarding full vaccination rate as a mediator such as park deprivation (p-

42



value = 0.0309), retail density (p-value = 0.0069), segregation (p-value = 0.0496) and population
density (p-value = 0.0076). Other covariates significantly associated with the mediation model
with COVID-19 prevalence rate included retail density (p-value < 0.0001), segregation (p-value

=0.0114), and population density (p-value = 0.0205).

The mediation analysis for research question two regarding follow-up vaccination rate
was also examined within 534 samples for SVI and COVID-19 prevalence rate association.
After controlling all covariates, SVI was significantly associated with decreasing the COVID-19
follow-up vaccination rate by -24.10 cases per 1,000 people (95% CI =-29.07, -19.13; p-value <
0.0001) and significantly associated with increasing the COVID-19 prevalence rate by 15.46

cases per 1,000 people (95% CI = 12.25, 18.68; p-value < 0.0001) as shown in Figure 8.

Moreover, a 1% increase in the adjusted COVID-19 follow-up vaccination rate

significantly increased the adjusted COVID-19 prevalence rate by 0.48% (95% CI1 = 0.43, 0.53;
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Figure 8. Diagram of COVID-19 follow-up vaccination rate as a mediator. Parentheses show

95% confidence intervals.

COVID-19
follow-up
vaccination
rate (M)
a=-2410 bh=048
(=29.07,-19.13) (0.43,0.53)
p-value <0.0001 p-value <0.0001
 Social COVID-19
Vulnerability prevalence rate
Index (SVI) (X) ' =1546 (Y)
(12.25, 18.68)
p-value < 0.0001

Table 5. Mediation analysis of the adjusted COVID-19 follow-up vaccination rate as the

mediator between the SVI and adjusted COVID-19 prevalence rate.

Path’ Effect® 95% ClI P-value
Total Effect (¢) 3.94 (0.14,7.74) 0.0423
Direct Effect (¢") 15.46 (12.25, 18.68) < 0.0001
a -24.10 (-29.07, -19.13) < 0.0001
b 0.48 (0.43, 0.53) < 0.0001
Indirect effect (ab) -11.52 (-15.97, -6.49) -

§ a: SVI — Adjusted COVID-19 follow-up vaccination rate. b: Adjusted COVID-19 follow-up vaccination rate —
Adjusted COVID-19 prevalence rate.

88 All effects were adjusted by covariates.

Abbreviation: Cl = Confidence interval
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p-value < 0.0001). The COVID-19 follow-up vaccination rate was proved to be a significant
mediator as its indirect effect was -11.52 with a 95% CI = (-15.97, -6.49) strictly lower than 0
(Table 5). Furthermore, both the direct effect (15.46; 95% CI = — 12.25, 18.68; p-value < 0.0001)

and total effect (3.94; 95% CI = 0.14, 7.74; p-value = 0.0423) were positively significant.

Few covariates were found to be statistically significant associated with the mediation
model regarding follow-up vaccination rate as a mediator, such as park deprivation (p-value =
0.0001), segregation (p-value = 0.0040), and population density (p-value = 0.0002). However,
the covariates associated with the mediation analysis with the COVID-19 prevalence rate

variable was only retail density (p-value < 0.0001).

Overall, the mediating effect from COVID-19 full/follow-up vaccination rate towards
SVI and COVID-19 prevalence was statistically significant. Therefore, to answer the hypothesis
for the second research question, “Does the COVID-19 full/follow-up vaccination rate mediate
the relationship between the Social Vulnerability Index and COVID-19 prevalence in Southern
Nevada?”, the null hypothesis is rejected to conclude that ‘COVID-19 full/follow-up vaccination
rate does mediate the relationship between the Social Vulnerability Index and Covid-19

prevalence rate.’

6.4  Serial mediators COVID-19 testing and vaccination rates

Now on to the third research question for serial mediation, where 534 samples are analyzed
amongst COVID-19 testing rate, COVID-19 full vaccination rate, and COVID-19 follow-up
vaccination rates as mediators over the association between SVI and COVID-19 prevalence rate.
A unit change in the SVI was found to be significantly inversely associated with decreasing the

COVID-19 testing rate by -0.03 cases per 1,000 people (95% CI =-0.04, -0.01; p-value <
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0.0001), as shown in Figure 9. Similarly, SVI was significantly inversely associated with
decreasing the COVID-19 full vaccination rate by -0.03 cases per 1,000 people (95% CI = -0.04,
-0.02; p-value < 0.0001), as shown in Table 6. Subsequently, SVI was inversed significantly
associated with decreasing COVID-19 follow-up vaccination rate by -0.06 cases per 1,000
people (95% CI = -0.06, -0.05; p-value < 0.0001). Lastly, SVI was positively significantly
associated with increasing COVID-19 prevalence by 0.03 cases per 1,000 people (95% CI =

0.03, 0.04; p-value < 0.0001).

A 1% increase in the first mediator (i.e., adjusted COVID-19 testing rate) significantly
increased the adjusted COVID-19 full vaccination rate and prevalence rate by 0.61% (95% CI =
0.55, 0.68; p-value < 0.0001) and 0.96% (95% CI =0.90, 1.01; p-value < 0.0001), respectively.

However, there was no significant association between the adjusted COVID-19 testing rate and

Figure 9. Diagram of the Serial mediation analysis. Parentheses show 95% confidence

intervals.
dy; =061 d3; =094
(0.55. 0.68) COVID-19 full (0.87, 1.00)
y vaccination rate (M,) p <0.0001
COVID-19 COVID-19 follow-up
testing rate (M) dyy =-0.06 vaccination rate (M)
(-0.13, 0.01)
p=0.0758
a;=-0.03 by=-0.03
a;=-0.03 (-0.04, -0.02) (-0.11, 0.05) by=-0.01
(-0.04.-0.01) p<0.0001 ay=-0.06 by=0.96 p=04078 (-0.07, 0.06)
p<0.0001 (-0.06,-0.05) (0.90, 1.01) p=07831
p <0.0001 p<0.0001
¢’=0.03
(0.03, 0.04)
Social Vulnerability p<0.0001 COVID-19
Index (SVI) (X) prevalence rate (Y)
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-0.02; p-value < 0.0001), as shown in Table 6. Subsequently, SVI was inversed significantly

associated with decreasing COVID-19 follow-up vaccination rate by -0.06 cases per 1,000

the follow-up vaccination rate. Moreover, a 1% increase in the second mediator (i.e.,
adjusted COVID-19 full vaccination rate) was significantly positively associated with increasing
the adjusted COVID-19 follow-up vaccination rate by 0.94% (95% CI = 0.9, 1.00; p-value <
0.0001). Subsequently, full vaccination and follow-up vaccination rates were found to be not

significantly associated with the COVID-19 prevalence rate.

The serial mediation analysis for COVID-19 testing rate, COVID-19 full vaccination
rate, and COVID-19 follow-up vaccination rate total indirect effect was significant as it was -
0.02 with a 95% CI = (-0.03, -0.002) strictly less than 0, shown in Table 6. However, only one
individual indirect effect was significant for the serial mediation analysis, as shown in Table 6.
In addition, both the direct effect (0.03; 95% CI = 0.03, 0.04; p-value < 0.0001) and total effect

(0.01; 95% CI = 0.001, 0.02; p-value = 0.0354) were positively significant.
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Table 6. Serial mediation analysis of the adjusted COVID-19 testing and vaccination rates as the

mediator between the SVI and adjusted COVID-19 prevalence rate.

Path® Effects® 95% Cl P-value
Total Effect (c) 0.01 (0.001, 0.02) 0.0354
Direct Effect (c’) 0.03 (0.03,0.04) < 0.0001
a, -0.03 (-0.04, -0.01) < 0.0001
a; -0.03 (-0.04, -0.02) < 0.0001
asz -0.06 (-0.06, -0.05) < 0.0001
by 0.96 (0.90, 1.01) < 0.0001
b, -0.03 (-0.11, 0.05) 0.4078
b3 -0.01 (-0.07, 0.06) 0.7831
dy, 0.61 (0.55, 0.68) < 0.0001
ds, -0.06 (-0.13, 0.01) 0.0753
ds; 0.94 (0.87, 1.00) < 0.0001
Total indirect effect (ab) -0.02 (-0.03, -0.002) -
Individual indirect effect 1 -0.02 (-0.04, -0.01) -
Individual indirect effect 2 0.001 (-0.01, 0.007) -
Individual indirect effect 3 0.001 (-0.01, 0.02) -
Individual indirect effect 4 0.001 (-0.01, 0.004) -
Individual indirect effect 5 -0.00 (-0.002, 0.004) -
Individual indirect effect 6 0.0003 (-0.003, 0.01) -
Individual indirect effect 7 0.0001 (-0.002, 0.01) -

8a,: SVI — Adjusted COVID-19 testing rate. a,: SVI — Adjusted COVID-19 full vaccination rate. as: SVI — Adjusted
COVID-19 follow-up vaccination rate. b;: Adjusted COVID-19 testing rate — Adjusted COVID-19 prevalence rate. b,:
Adjusted COVID-19 full vaccination rate — Adjusted COVID-19 prevalence rate. b5: Adjusted COVID-19 follow-up
vaccination rate — Adjusted COVID-19 prevalence rate. d,;: Adjusted COVID-19 testing rate — Adjusted COVID-19 full
vaccination rate. d;;: Adjusted COVID-19 testing rate — Adjusted COVID-19 follow-up vaccination rate. d5,: Adjusted
COVID-19 full vaccination rate — Adjusted COVID-19 follow-up vaccination rate.

88 All effects were adjusted by covariates.

Abbreviation: Cl = Confidence interval
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Among the four models in the serial mediation analysis, only two covariates were
statistically significant in terms of segregation in the third model with the adjusted COVID-19
follow-up vaccination rate (p-value = 0.04) and retail density (p-value < 0.0001) in the fourth

model with the adjusted COVID-19 prevalence rate.

Overall, the serially mediating effect from COVID-19 full/follow-up vaccination rate
towards SVI and COVID-19 prevalence was statistically significant. Therefore, to answer the
hypothesis for the third research question, “Do the COVID-19 testing and vaccination rates serially
mediate the relationship between the Social Vulnerability Index and COVID-19 prevalence in
Southern Nevada?”, the null hypothesis was rejected to concluded that ‘COVID-19 testing and
vaccination rates do serially mediate the relationship between the SVI and COVID-19 prevalence
rate’.

All the models for testing and vaccination rates, as mediators, were tested across four
assumptions for linear regression. Unfortunately, normality and independence assumptions were

violated for every model as their p-values were less than 0.05 as shown in Table 8.
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Table 7. Model diagnostics of each model in the mediation and serial mediation analysis, where

X indicates assumption violation.

Model #  Outcome Linearity Independence Normality  Equal variance  Multicollinearity
1 M, X X
Y X X
2 M, X X
Y X X
3 M, X X
Y X X
4 M, X X
M, X X
M, X X
Y X X X

In addition, Model 4 also violated the equal variance assumption, with its p-value being
0.0251. The largest VIF displayed by models was 4.9. Thus, none of the models suffered from

multicollinearity since the values were always less than 10.
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7. Discussions

7.1 Comprehensive findings of the three research questions

This is the first study to examine COVID-19 testing and vaccination rates as mediators for
census tracts SVI and COVID-19 prevalence rate in the United States as far as we know from the
literature now. As hypothesized, census tracts with a higher SVI are negatively associated with a
lower testing rate for COVID-19 thus, lower cases of COVID-19 being reported. It is a
significant finding that is consistent with a study by Bilal et al. (2021), which found that
communities with a higher SVI score across all domains were less likely to test for COVID-19
through three highly populated urbanized cities in the U.S. It appears that adverse socioeconomic
circumstances potentially lead to inaccessibility to access to testing sites or payment for testing

Kits that may prevent further spread of COVID-19 to others.

Additionally, this study reveals that the COVID-19 full and follow-up vaccination rates was
negatively associated with SVI score, thus more cases of COVID-19. Similarly, individuals
living in areas with a higher SVI score were less likely to obtain a follow-up vaccination, leading
to further infection from COVID-19. No studies have analyzed vaccinations as mediators over
SVI and COVID-19 prevalence rate, but previous research has found that vaccination uptake has
varied throughout regions and themes from a new index adapted by the SVI (e.g., lack of English
speaking associated with being likely vaccinated vs. lack of access to medical facilities with
vaccination) (Saelee et al., 2023). However, the results from our study appear to indicate that

individuals are less likely to obtain a vaccine in census tracts with a high SVI score.

Serial mediation analyses display that COVID-19 testing and vaccination rates significantly
mediate the relationship between the proportional relationship of SVI and the COVID-19

prevalence rate. Our results show that the sequential pathway displays (a) SVI is negatively
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associated with the COVID-19 testing rate, where individuals are less likely to test from a census
tract with high SVI; (b) The COVID-19 testing rate is proportionately related to the full COVID-
19 vaccination rate; (c) COVID-19 full vaccination rate is proportionately related to the COVID-
19 follow-up vaccination rate; (d) The COVID-19 follow-up vaccination rate is not significantly
negatively associated with the COVID-19 prevalence rate, as shown by the total indirect effect.
However, the path was not significant, but it does imply that an increase in the SVI score was
associated with a decrease in the COVID-19 testing rate, proportionally associated with the
COVID-19 full vaccination rate, and subsequently proportionally associated with COVID-19
follow-up vaccination, which leads to less reported cases of COVID-19. Thus, the analyses
indicate that census tracts with a high SVI score will decrease the COVID-19 testing and
vaccination rate; thus, individuals are more likely to be infected with COVID-19 from these

areas, as shown by the total indirect effect.

These key findings highlight the importance of a sequential pathway, for individuals facing
the risk of infection from the COVID-19 pandemic within a metropolitan setting in Southern
Nevada. This pathway starts with the SVI score, which influences the COVID-19 testing rate,
affecting the full vaccination rate, followed by the follow-up vaccination rate, and finally, the
COVID-19 prevalence rate. While no study has conducted a serial mediation analysis, previous
studies have found that individuals from socially vulnerable communities are less likely to be
able to receive a vaccine and test for COVID-19, thus leading to more cases of COVID-19

(Bhuiyan et al., 2023).

7.2 The association between SVI and COVID-19 prevalence.
All mediation analyses conducted in this study has shown that SVI1 is significantly and

negatively associated with the COVID-19 prevalence rate. Interestingly enough the follow-up
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vaccination rate from our studies’ mediation analyses showed the highest rate of COVID-19
cases associated with SVI. Even in studies that don’t examine SVI as a predictor have found that
domains related to it such as socioeconomic status, minority status, and low-income backgrounds
are positively associated with individuals being more likely to be infected with COVID-19
(McPhearson et al., 2020; Ransome et al., 2021; Tan et al., 2021). Previous studies that
incorporate SVI as a predictor have shown to be associated with COVID-19 prevalence, thus

further supporting the findings from the current study.

For example, a study in Florida examined SVI and found that the number of COVID-19
cases appeared to increase in counties with a higher SV score (Backer et al., 2022). Multiple
studies also found a significant association between areas with a high SVI and COVID-19
mortality (Ali, 2022; Zegarra Zamalloa et al., 2022) An ecological assessment also showed new
cases of COVID-19 were associated with SVI (Islam et al., 2021), while a study following an
ecological design in Texas found that socioeconomic status and minority status from SVI were
strongly associated with new cases of COVID-19 (Tortolero et al., 2021). Lastly, census tracts
within Louisiana with a higher score on the SVI was found to be strongly associated with the

COVID-19 infection especially amongst minorities (Biggs et al., 2020).

Other indexes also classify areas based on socioeconomic status and accessibility to
transportation, which are similar to the SVI and are found to share a relationship with more
COVID-19 cases. For example, the Area Deprivation Index (ADI) that does not include
racial/minority status has also been associated with the COVID-19 prevalence rate for smaller
areas than SVI (Knighton et al., 2016). A study conducted by Tipirneni et al. (2022) found that
additional indexes like “The COVID-19 Community Vulnerable Index”, “Minority Health-Social

Vulnerability Index,” and ADI shared a positive and proportional relationship with COVID-19
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prevalence. Evidence from these studies supports our findings of a strong association between
COVID-19 prevalence rate and SVI as socially vulnerable communities face a disproportionate

burden (Tipirneni et al., 2022).

7.3 COVID-19 testing rate as a mediator

The COVID-19 testing rate was a significant mediator over the SVI and COVID-19
prevalence rate. As hypothesized, a high SVI amongst census tracts would render a lower testing
rate for the area, thus contributing to lower COVID-19 cases. Subsequently, looking at the total
effect, it was shown that variability across two census tracts with SVI was proportionally related
to the COVID-19 prevalence rate. In addition, it is shown through the direct effect that SVI and
COVID-19 prevalence rates are proportionally related after controlling for COVID-19 testing.
As previously mentioned, the significant indirect effect implies that COVID-19 testing mediates
the association between SVI and prevalence which may be underestimated due to lack of
reporting and asymptomatic carriers. Additionally, very few studies evaluated testing as an
independent variable and nonetheless as the mediator, so this study provides insight to the
mechanisms underlying testing rates amongst vulnerable communities and the inaccessibility to
testing. However, recently, a study analyzing the mediating effect of the COVID-19 testing rate
through elementary schools in lllinois was negatively associated with the COVID-19 positivity

rate, thus supporting the findings (lvanov et al., 2024).

7.4  The association between SVI and COVID-19 testing

Few studies have examined the association between COVID-19 testing rate and SVI, as
there are other indexes that other researchers may use for their study. For example, it has been
shown that the testing rate is negatively associated with the ADI analyzing at the census tract
level in Virginia (Hendricks et al., 2023). Moreover, one study found that a lower COVID-19
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testing rate was associated with a higher SVI score amongst zip code areas throughout three U.S.
cities (Bilal et al., 2021). Furthermore, Dryden-Peterson et al. (2021) found that a lower
socioeconomic status from the SVI was also associated with decreasing testing and access to
resources within Massachusetts. While even low accessibility to testing was associated with
census block groups classified with an increased SVI amongst thirty U.S. cities (Mullachery et

al., 2022)

7.5 The association between COVID-19 testing and prevalence

The association between the COVID-19 testing rate and the COVID-19 prevalence rate has
yet to be thoroughly analyzed in the literature, as many studies focus on factors related to test
positivity (Ferguson et al., 2021; Iwata & Miyakoshi, 2022; Lieberman-Cribbin et al., 2021).
This may be due to the invalidity and inaccuracy of COVID-19 testing taken at sites and
laboratories within the U.S. during the early pandemic (Alvarez et al., 2023). However, a study
has found that a higher number of COVID-19 tests by each individual was associated with lower
odds for COVID-19 fatality during the beginning of the pandemic (Kannoth et al., 2022). In
contrast, an international study analyzing several countries, including the U.S., found that
mortality rate and the number of tests were not strongly associated (Iwata & Miyakoshi, 2022).
A recent study found that lower testing rates in Central Florida were associated with the
likelihood of more COVID-19 hospitalizations (M. M. Khan et al., 2023). There is a clear
depiction of the variability of association for COVID-19 testing. At the same time, one of our
primary findings found that COVID-19 testing rates played a significant role as a mediator and
were positively associated with COVID-19 prevalence. This also indicates that there is an
underestimation of the results as many individuals did not test due to lack of symptoms or tested

at home.

55



7.6 Full and follow-up vaccination rate as mediators

Another primary finding of the study is that the full vaccination rate or the two doses of
the COVID-19 vaccine was less likely to be received by individuals within census tracts with a
higher SVI score. Thus, more cases of COVID-19 are more likely to happen due to the lack of
protection. Similarly, additional doses or the COVID-19 follow-up vaccination rate were also
negatively associated with the SVI. This association indicates that socially vulnerable
communities within these census tracts will also have more COVID-19 cases or reinfection from
the viruses. These are unique findings as no study has evaluated the COVID-19 vaccination as a
mediator for SVI and COVID-19 prevalence rate. However, one mediation analysis study
utilizing the SV1 as a predictor found that socially vulnerable communities in minority states

were more likely to be near vaccine sites in the U.S. (Thakore et al., 2021).

7.7 The association between SVI (or any other similar index) and COVID-

19 vaccination

As previously mentioned, our mediation analysis found that an increase in SVI is
associated with a decrease in the COVID-19 full vaccination rate; thus, individuals from these
census tracts are less likely to be vaccinated. Besides this study, no other paper has explicitly
examined the COVID-19 full vaccination rate as a mediator towards the relationship between
SVI and the COVID-19 prevalence rate. However, recently, a geospatial study throughout
multiple U.S. states analyzed the association, finding that the socially vulnerable counties were
more likely to have a lower COVID-19 vaccination rate (Alphonso et al., 2024). Additionally, a
study examining counties in Wisconsin found that a higher SV score shared a relationship with

low COVID-19 vaccination rates, thus supporting the findings of our study (Xu & Jiang, 2022).
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Even another index called "COVID-19 Community Vulnerability” found a higher vaccination

rate if the vulnerability was low amongst counties in the U.S. (Brown et al., 2021).

7.8 The association between COVID-19 vaccination rate and prevalence

for any other COVID-19 measure

In the current study, it was also found that the COVID-19 full and follow-up vaccination
rate was associated with the COVID-19 prevalence rate. Similar to other explored associations in
our study, very few studies have even examined the relationship between the COVID-19
vaccination rate and the COVID-19 prevalence rate in the U.S. However, a study analyzing the
full vaccination rate in the United Kingdom found that it was negatively associated with the
rising COVID-19 cases (Damijan et al., 2022). Another study supporting our findings was a
population analysis in U.S. states that a low COVID-19 vaccination rate was associated with an
increased risk of COVID-19 hospitalization (Hongru et al., 2023). Lastly, an analysis of
Medicare data through U.S. counties found that a high vaccination rate is associated with a low

risk of COVID-19 cases, fatalities, and hospitalization (Samson et al., 2021).

7.9  Importance of booster shots and new strains

The COVID-19 full vaccination rate was analyzed in this study as two doses of the
vaccine for the individuals. However, the emergence of new variants of the coronavirus has been
on the rise each year, thus indicating the importance of the COVID-19 follow-up vaccination,
which was also analyzed in this study. For example, the new Omicron variant was first seen in
Africa in 2021, indicating the increased risk of individuals being reinfected with COVID-19 (Ri
& Chen, 2022). Booster shots must be developed to combat new variants since they can pose a
real danger to millions. (Mohammed Shadab & Mohammed Asadullah, 2023). Additionally, the
effectiveness of the COVID-19 vaccine waned over time (Margaret et al., 2022). Overall,
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evidence-based research has shown that booster shots provided much more protection than

individuals who only received the full COVID-19 vaccine (Grewal et al., 2023)

7.10 The association between COVID-19 testing and vaccination

A serial mediation analysis was conducted that found significant serial mediators: a.)
COVID-19 testing rate b.) COVID-19 full vaccination rate ¢.) COVID-19 follow-up vaccination
rate for the association between SVI and COVID-19 prevalence rate. Additionally, this analysis
found proportional, positive relationships between COVID-19 testing, COVID-19 full
vaccination rate, and COVID-19 follow-up vaccination rate. Thus, the impact of the SVI score
on the census will have the same inverse effect throughout this pathway, beginning this COVID-
19 testing rate mediator. As discussed beforehand with the other relationships regarding COVID-
19 measures, there have also been very few studies that have investigated the association
between COVID-19 testing and vaccination rates. However, one analysis conducted in New
Jersey found that individuals from socially vulnerable communities who have taken diagnostic
tests for COVID-19 were more likely to be vaccinated thus supporting our finding (Campbell et
al., 2023). Correspondingly, another study also found that even healthcare professionals in the
United Kingdom were less likely to vaccinate if they had never tested for COVID-19 beforehand
(Martin et al., 2021). However, individuals who were fully vaccinated were less likely to test

positive for COVID-19 (Roberts et al., 2022).
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8. Strengths and limitations

8.1 Strengths

Our study employed a mediation analysis approach, which yielded significant findings
that enhanced our understanding of the COVID-19 pandemic's impact, particularly on socially
vulnerable communities. We examined a comprehensive index that assess vulnerability in
communities and its association with COVID-19 testing and vaccination rates. This is the first
study to use COVID-19 testing rates as mediators between SVI and COVID-19 prevalence rates,
a crucial factor in preventing further infections. We also prioritized access to testing for socially
vulnerable groups, acknowledging the potential limitations in the number of testing Kits.
Furthermore, our study is pioneering in using COVID-19 full and follow-up vaccination as
mediators, aiming to gather more information on vaccination resource accessibility, a critical

aspect of gaining immunity from the virus.

Other studies related to COVID-19 vaccination have used vaccine site density and
coverage rate as mediators rather than just the vaccination rate (Donadio et al., 2021; Thakore et
al., 2021). The scarcity of studies on these topics could be due to the sudden emergence of
COVID-19 or delays in publishing research. As the peak of the pandemic subsides, fewer
researchers may be interested in studying the early stages of the pandemic. However, the
emergence of variant strains, which pose a significant threat, especially to socially vulnerable
communities, underscores the need for continued research. Our study contributes to this effort by
being among the first to examine the serial mediation pathway of COVID-19 testing and
vaccination rate for SVI and COVID-19 prevalence rate. We also delve into the relationship

between the SVI and the prevalence rate of COVID-19, considering comprehensive factors such
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as racial and ethnic minority status, housing type, socioeconomic status, and household

characteristics.

Most studies that discuss the SVI index typically use only one of the 16 characteristics,
such as housing type or minority status, as their predictor (Hu et al., 2021; Oishi et al., 2021;
Razieh et al., 2021; Saarinen et al., 2022; Yoshikawa & Kawachi, 2021). In contrast, our study
takes a more comprehensive approach by considering all 16 characteristics of the SVI. This
approach allows us to capture a more accurate and nuanced picture of social vulnerability in a
large and diverse sample population, encompassing a wide range of race/ethnicity and age
groups. By doing so, we hope to contribute to a more thorough understanding of the impact of

COVID-19 on socially vulnerable communities.

8.2  Limitations

However, there are some limitations to the study, such as the applicability of the SVI
from our study, which may not translate well to other states’ varying numbers and sizes of
census tracts. Mediation analysis cannot explain whether the independent variables are the actual
cause behind the linear relationship. However, the serial mediation model did not show an
association between the COVID-19 vaccination rates and the COVID-19 prevalence rate due to
the violated equal variance assumption of differing variances amongst vaccine uptake in the
sample. Other drawbacks arose with the serial mediation model despite the significance of the

total indirect effect.

Additionally, several model violations with the serial mediation analysis and a minuscule
coefficient behind our total indirect effect indicate unreliability. However, a small coefficient
from mediation analysis is commonly derived due to being the product of many mediators

(Walters, 2019). Multiple studies conducting serial mediation analysis have found significant
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small coefficients for their total indirect effect (Satici et al., 2022; Yang et al., 2022; Zhao et al.,
2021). In addition, mediation analysis tends to be much more sensitive to test for model
assumptions as more indirect effects are computed (Alfons et al., 2021; Hayes, 2017). Overall,
the serial mediators, COVID-19 testing, and vaccination rate still appear to influence the
association between SVI and COVID-19 prevalence rate, especially regarding resources amongst

socially vulnerable communities.
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9. Conclusion

Our main findings have led us to believe that individuals from highly socially vulnerable
communities are more susceptible to being infected during an outbreak like COVID-19 due to a
lack of resources such as testing and vaccinations. The study takes a multifaceted approach by
examining three different mediators that deepen our understanding of the transmission of the
virus in the U.S. amongst vulnerable communities. Additionally, the study underscores the
potential development of public health interventions for increasing accessibility to more testing
sites and vaccination resources for vulnerable communities. This study will contribute to
literature related to preparation for future pandemic outbreaks by contributing to the literature for
other public health researchers to utilize for similar samples such as urban and diverse cities.
Therefore, it will influence policymakers to adjust U.S. public health policies managing
pandemics and allocating governmental resources related to COVID-19 or infectious outbreaks
in socially vulnerable communities. Overall, the benefits of this study serve as a powerful
resource for the public health field and is an excellent addition to the literature regarding the
COVID-19 pandemic. However, more research is essential as this study may be the first to
examine the complex association between variables necessary for the preventive care of the

spread of diseases.

9.1 Future work

The mediation and serial mediation analysis we conducted have provided significant
insight into the influence of COVID-19 on socially vulnerable communities. Specifically, they
shed light on the correlation between living in a census tract with high SVI and COVID-19

testing and vaccination rates and the risk of infection. However, it is essential to note that
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mediation analysis cannot establish causation. Therefore, other researchers should conduct

longitudinal studies to confirm that these associations remain over a long period of time.

While our serial mediation analyses demonstrate a chain linking our mediators
concerning COVID-19 testing and vaccination, the effect is still relatively weak. This
underscores the need for more future studies to investigate the replicability of COVID-19 full
vaccination and COVID-19 follow-up vaccinations, significantly as the vaccine's effectiveness
diminishes over time. Furthermore, future studies that explore how each factor from SVI
influences COVID-19 testing and COVID-19 vaccination rate towards COVID-19 prevalence
will provide invaluable insights. More research may lead to identifying specific barriers to the
accessibility issues surrounding testing Kits and vaccination sites for individuals from socially

vulnerable communities.
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Appendix

Table 8. Serial mediation effects of no covariates include in the model COVID-19 testing, full

vaccination, and follow-up vaccination rate as mediators

Effect
Total Direct  Indirect(Total) Indirect
(Individual)
X X 1

Table 9. One covariate included in each serial mediation model

Covariate Effect
Z1 Z2 Z3 Z4 Z5 Z6 Total Direct Indirect Indirect
(Total)  (Individ
ual)

X X 1

X 1

X X X 1

X X 1

X X 1

X X 1

Note. Z1 = inactive commuting, Z2 = park deprivation, Z3 = retail density, Z4 = housing inadequacy, Z5 = segregation, Z6 =
population density

Table 10. Two covariates included in each serial mediation model

Covariate Effect
Z1 Z2 Z3 Z4 Z5 Z6 Total Direct Indirect  Indirect
(Total)  (Individ
ual)

X 1

X X 0

X X 1

X 1

X 1

X X X 1

X X 1

X X 1

X X 1
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X X

XX X X X X
XXX X
el e

Note. Z1 = inactive commuting, Z2 = park deprivation, Z3 = retail density, Z4 = housing inadequacy, Z5 = segregation, Z6 =
population density

Table 11. Three covariates included in each serial mediation model

Covariate Effect
Z1 Z2 Z3 Z4 Z5 Z6 Total Direct Indirect Indirect
(Total)  (Individ
ual)
X X 0
X X 1
X 1
X 1
X X 0
X X 0
X X 0
X X 1
X 1
X 1
X X 1
X X X 1
X 1
X X 1
X 1
X X 1
X X 1
X X 1
X X 1
X 1

Note. Z1 = inactive commuting, Z2 = park deprivation, Z3 = retail density, Z4 = housing inadequacy, Z5 = segregation, Z6 =
population density

Table 12. Four covariates included in each serial mediation model

Covariate Effect
Z1 Z2 Z3 Z4 Z5 Z6 Total Direct Indirect Indirect
(Total)  (Individ
ual)
X X 0
X X 0
X X 0
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X

XXX X XXX
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X

Note. Z1 = inactive commuting, Z2 = park deprivation, Z3 = retail density, Z4 = housing inadequacy, Z5 = segregation, Z6 =
population density

Table 13. Five covariates included in each serial mediation model

Covariate Effect

Z1 Z2 Z3 Z4 Z5 Z6 Total Direct Indirect Indirect
(Total)  (Individ
ual)

XX XX X X
XXX X XX
PoOoooo

Note. Z1 = inactive commuting, Z2 = park deprivation, Z3 = retail density, Z4 = housing inadequacy, Z5 = segregation, Z6 =
population density

Table 14. Six covariates included in each serial mediation model

Covariate Effect
Z1 Z2 Z3 Z4 Z5 Z6  Total Direct Indirect Indirect
(Total)  (Individual)
X X 0

Note. Z1 = inactive commuting, Z2 = park deprivation, Z3 = retail density, Z4 = housing inadequacy, Z5 = segregation, Z6 =
population density

66



References

Adepoju, O. E., & Kiaghadi, A. (2023). Measuring Historic and Longitudinal Social
Vulnerability in Disaster-Prone Communities: A Modification to the Centers for Disease
Control and Prevention Social Vulnerability Index (CDC-SVI). Disaster Medicine and

Public Health Preparedness, 17, €368, Article e368. https://doi.org/10.1017/dmp.2023.29

Agency for Toxic Substances and Disease Registry. (2022). CDC SVI Documentation 2020.
https://www.atsdr.cdc.gov/placeandhealth/svi/documentation/SVI1_documentation_2020.
html

Alexander, M., Unruh, L., Koval, A., & Belanger, W. (2022). United States response to the
COVID-19 pandemic, January-November 2020. Health Econ Policy Law, 17(1), 62-75.

https://doi.org/10.1017/s1744133121000116

Alfaro, S., Sen-Crowe, B., McKenny, M., & Elkbuli, A. (2021). A closer look at U.S COVID-19
vaccination rates and the emergence of new SARS-CoV-2 variants: It's never late to do
the right thing. Ann Med Surg (Lond), 69, 102709.

https://doi.org/10.1016/j.amsu.2021.102709

Alfons, A., Ates, N. Y., & Groenen, P. J. F. (2021). A Robust Bootstrap Test for Mediation
Analysis. Organizational Research Methods, 25(3), 591-617.

https://doi.org/10.1177/1094428121999096

Ali, A. K. S.-M. S., Ambinakudige (2022). Spatial Exploration of Social Vulnerability and
COVID-19-Related Health Outcomes in Mississippi.

https://doi.org/10.1353/s90.2022.0026

67


https://doi.org/10.1017/dmp.2023.29
https://doi.org/10.1017/s1744133121000116
https://doi.org/10.1016/j.amsu.2021.102709
https://doi.org/10.1177/1094428121999096

Al Rifai, M., Jain, V., Khan, S. U., Nasir, K., Zhu, D., Vasudeva, R., Lavie, C. J., Dodani, S.,
Petersen, L. A., & Virani, S. S. (2022). Social vulnerability and COVID-19: An analysis

of CDC data. Prog Cardiovasc Dis, 73, 91-93. https://doi.org/10.1016/j.pcad.2021.09.006

Ali, R., & Samin, P. (2021). Higher COVID-19 Vaccination Rates among Unemployed in the
United States: State Level Study in the First 100 days of Vaccine Initiation. medRxiv,

2021.2004.2017.21255668. https://doi.org/10.1101/2021.04.17.21255668

Ali, S., Asaria, M., & Stranges, S. (2020). COVID-19 and inequality: are we all in this together?

Can J Public Health, 111(3), 415-416. https://doi.org/10.17269/s41997-020-00351-0

Alphonso, S. R., Andrews, M. R., Regan, S. D., Shishkov, A., Cantor, J. H., Powell-Wiley, T.
M., & Tamura, K. (2024). Geospatially clustered low COVID-19 vaccine rates among
adolescents in socially vulnerable US counties. Preventive Medicine Reports, 37, 102545.
https://doi.org/https://doi.org/10.1016/j.pmedr.2023.102545

Alvarez, E., Bielska, 1. A., Hopkins, S., Belal, A. A., Goldstein, D. M., Slick, J.,
Pavalagantharajah, S., Wynfield, A., Dakey, S., Gedeon, M. C., Alam, E., & Bouzanis,
K. (2023). Limitations of COVID-19 testing and case data for evidence-informed health
policy and practice. Health Res Policy Syst, 21(1), 11. https://doi.org/10.1186/s12961-
023-00963-1

Amaia, C.-L., Davide, L. V., Debora, R., Tom, B., Laura, F., & Serhiy, D. (2020). High excess
mortality in areas with young and socially vulnerable populations during the COVID-19
outbreak in Stockholm Region, Sweden. BMJ Global Health, 5(10), e003595.

https://doi.org/10.1136/bmjgh-2020-003595

68


https://doi.org/10.1016/j.pcad.2021.09.006
https://doi.org/10.1101/2021.04.17.21255668
https://doi.org/10.17269/s41997-020-00351-0

Andrasfay, T., & Goldman, N. (2022). Reductions in US life expectancy during the COVID-19
pandemic by race and ethnicity: Is 2021 a repetition of 2020? PLoS One, 17(8),

e0272973. https://doi.org/10.1371/journal.pone.0272973

Assefa, Y., Gilks, C. F., Reid, S., van de Pas, R., Gete, D. G., & Van Damme, W. (2022).
Analysis of the COVID-19 pandemic: lessons towards a more effective response to
public health emergencies. Global Health, 18(1), 10. https://doi.org/10.1186/s12992-022-
00805-9

Baack, B. N., Abad, N., Yankey, D., Kahn, K. E., Razzaghi, H., Brookmeyer, K., Kolis, J.,
Wilhelm, E., Nguyen, K. H., & Singleton, J. A. (2021). COVID-19 Vaccination
Coverage and Intent Among Adults Aged 18-39 Years - United States, March-May 2021.
MMWR Morb Mortal Wkly Rep, 70(25), 928-933.

https://doi.org/10.15585/mmwr.mm7025e2

Backer, S., Rezene, A., Kahar, P., & Khanna, D. (2022). Socioeconomic Determinants of
COVID-19 Incidence and Mortality in Florida. Cureus, 14(2), e22491.
https://doi.org/10.7759/cureus.22491

Bailey, E. V., & Wilson, F. A. (2022). Vaccine Uptake in the US After Full Food and Drug
Administration Approval of the BNT162b2 mRNA COVID-19 Vaccine. JAMA Netw

Open, 5(4), €226108. https://doi.org/10.1001/jamanetworkopen.2022.6108

Batteux, E., Mills, F., Jones, L. F., Symons, C., & Weston, D. (2022). The Effectiveness of
Interventions for Increasing COVID-19 Vaccine Uptake: A Systematic Review. Vaccines

(Basel), 10(3). https://doi.org/10.3390/vaccines10030386

Bauer, C., Zhang, K., Xiao, Q., Lu, J., Hong, Y. R., & Suk, R. (2022). County-Level Social

Vulnerability and Breast, Cervical, and Colorectal Cancer Screening Rates in the US,

69


https://doi.org/10.1371/journal.pone.0272973
https://doi.org/10.15585/mmwr.mm7025e2
https://doi.org/10.1001/jamanetworkopen.2022.6108
https://doi.org/10.3390/vaccines10030386

2018. JAMA Netw Open, 5(9), e2233429.
https://doi.org/10.1001/jamanetworkopen.2022.33429

Bazan, I. S., & Akgin, K. M. (2021). COVID-19 Healthcare Inequity: Lessons Learned from
Annual Influenza Vaccination Rates to Mitigate COVID-19 Vaccine Disparities. Yale J
Biol Med, 94(3), 509-515.

Benda, A., Zerajic, L., Ankita, A., Cleary, E., Park, Y., & Pandey, S. (2021). COVID-19 Testing
and Diagnostics: A Review of Commercialized Technologies for Cost, Convenience and
Quality of Tests. Sensors (Basel), 21(19). https://doi.org/10.3390/521196581

Benfer, E. A., Vlahov, D., Long, M. Y., Walker-Wells, E., Pottenger, J. L., Jr., Gonsalves, G., &
Keene, D. E. (2021). Eviction, Health Inequity, and the Spread of COVID-19: Housing
Policy as a Primary Pandemic Mitigation Strategy. J Urban Health, 98(1), 1-12.

https://doi.org/10.1007/s11524-020-00502-1

Bhowmik, T., Tirtha, S. D., Iraganaboina, N. C., & Eluru, N. (2021). A comprehensive analysis
of COVID-19 transmission and mortality rates at the county level in the United States
considering socio-demographics, health indicators, mobility trends and health care
infrastructure attributes. PLoS One, 16(4), e0249133.

https://doi.org/10.1371/journal.pone.0249133

Bhuiyan, M. A. N., Davis, T. C., Arnold, C. L., Motayar, N., Bhuiyan, M. S., Smith, D. G.,
Murnane, K. S., Densmore, K., van Diest, M., Bailey, S. R., & Kevil, C. G. (2023). Using
the social vulnerability index to assess COVID-19 vaccine uptake in Louisiana.

GeoJournal, 88(3), 3239-3248. https://doi.org/10.1007/s10708-022-10802-5

70


https://doi.org/10.1007/s11524-020-00502-1
https://doi.org/10.1371/journal.pone.0249133

Biggs, E. N., Maloney, P. M., Rung, A. L., Peters, E. S., & Robinson, W. T. (2020). The
Relationship Between Social Vulnerability and COVID-19 Incidence Among Louisiana
Census Tracts. Front Public Health, 8, 617976.
https://doi.org/10.3389/fpubh.2020.617976

Bilal, U., Tabb, L. P., Barber, S., & Diez Roux, A. V. (2021). Spatial Inequities in COVID-19
Testing, Positivity, Confirmed Cases, and Mortality in 3 U.S. Cities : An Ecological
Study. Ann Intern Med, 174(7), 936-944. https://doi.org/10.7326/m20-3936

Boldog, P., Tekeli, T., Vizi, Z., Dénes, A., Bartha, F. A., & Rost, G. (2020). Risk Assessment of
Novel Coronavirus COVID-19 Outbreaks Outside China. J Clin Med, 9(2).

https://doi.org/10.3390/jcm9020571

Bolsen, T., & Palm, R. (2022). Politicization and COVID-19 vaccine resistance in the U.S. Prog
Mol Biol Transl Sci, 188(1), 81-100. https://doi.org/10.1016/bs.pmbts.2021.10.002

Boopathi, S., Poma, A. B., & Kolandaivel, P. (2021). Novel 2019 coronavirus structure,
mechanism of action, antiviral drug promises and rule out against its treatment. J Biomol

Struct Dyn, 39(9), 3409-3418. https://doi.org/10.1080/07391102.2020.1758788

Borden, B., Lednicky, J., (2021). Clark County Cultural Overview, Extension, University of
Nevada, Reno
https://extension.unr.edu/publication.aspx?PublD=4445#:~:text=Officially%20formed%?2
0in%201909%2C%20Clark,residents%20worked%20for%20Clark's%20railroad.

Boserup, B., McKenney, M., & Elkbuli, A. (2021). The financial strain placed on America's
hospitals in the wake of the COVID-19 pandemic. Am J Emerg Med, 45, 530-531.

https://doi.org/10.1016/j.ajem.2020.07.007

71


https://doi.org/10.3390/jcm9020571
https://doi.org/10.1080/07391102.2020.1758788
https://doi.org/10.1016/j.ajem.2020.07.007

Brown, C. C., Young, S. G., & Pro, G. C. (2021). COVID-19 vaccination rates vary by
community vulnerability: A county-level analysis. Vaccine, 39(31), 4245-4249.
https://doi.org/https://doi.org/10.1016/j.vaccine.2021.06.038

Butt, A. A,, Talisa, V. B., Shaikh, O. S., Omer, S. B., & Mayr, F. B. (2022). Relative Vaccine
Effectiveness of a Severe Acute Respiratory Syndrome Coronavirus 2 Messenger RNA
Vaccine Booster Dose Against the Omicron Variant. Clin Infect Dis, 75(12), 2161-2168.

https://doi.org/10.1093/cid/ciac328

Campbell, J., Kaur, A., Gamino, D., Benoit, E., Amos, B., & Windsor, L. (2023). Individual and
structural determinants of COVID-19 vaccine uptake in a marginalized community in the
United States. Vaccine, 41(39), 5706-5714.
https://doi.org/https://doi.org/10.1016/j.vaccine.2023.07.077

Carabelli, A. M., Peacock, T. P., Thorne, L. G., Harvey, W. T., Hughes, J., de Silva, T. I.,
Peacock, S. J., Barclay, W. S., de Silva, T. I., Towers, G. J., Robertson, D. L., &
Consortium, C.-G. U. (2023). SARS-CoV-2 variant biology: immune escape,
transmission and fitness. Nature Reviews Microbiology, 21(3), 162-177.

https://doi.org/10.1038/s41579-022-00841-7

Cavanaugh, A. M., Spicer, K. B., Thoroughman, D., Glick, C., & Winter, K. (2021). Reduced
Risk of Reinfection with SARS-CoV-2 After COVID-19 Vaccination - Kentucky, May-
June 2021. MMWR. Morbidity and mortality weekly report, 70(32), 1081-1083.

https://doi.org/10.15585/mmwr.mm7032el

Census Reporter. (n.d.). Census profile: Las Vegas-henderson-paradise, NV Metro Area.
https://censusreporter.org/profiles/31000US29820-las-vegas-henderson-paradise-nv-metro-

area/

72


https://doi.org/10.1093/cid/ciac328
https://doi.org/10.1038/s41579-022-00841-7
https://doi.org/10.15585/mmwr.mm7032e1

CDC. (2020). CDC SVI Documentation 2020.

https://www.atsdr.cdc.gov/placeandhealth/svi/documentation/SVI documentation 2020.ht

ml

CDC. (2022). CDC/ATSDR SVI data and documentation download.

https://www.atsdr.cdc.gov/placeandhealth/svi/data_documentation_download.html

Chan, E. Y. S., Cheng, D., & Martin, J. (2021). Impact of COVID-19 on excess mortality, life
expectancy, and years of life lost in the United States. PLoS One, 16(9), e0256835.
https://doi.org/10.1371/journal.pone.0256835

Chan-Yeung, M., & Xu, R. H. (2003). SARS: epidemiology. Respirology, 8 Suppl(Suppl 1), S9-
14. https://doi.org/10.1046/].1440-1843.2003.00518.x

Chen, F., Cao, S., Xin, J., & Luo, X. (2013). Ten years after SARS: where was the virus from? J

Thoracic Dis, 5 Suppl 2(Suppl 2), S163-167. https://doi.org/10.3978/j.issn.2072-

1439.2013.06.09

Chen, Y., Zhang, L., Li, T., & Li, L. (2022). Amplified effect of social vulnerability on health
inequality regarding COVID-19 mortality in the USA: the mediating role of vaccination
allocation. BMC Public Health, 22(1), 2131. https://doi.org/10.1186/s12889-022-14592-
w

Chowdhury, S., & Oommen, A. M. (2020). Epidemiology of COVID-19. 11(1), 3-7.

Clarke, K. E. N., Jones, J. M., Deng, Y., Nycz, E., Lee, A,, lachan, R., Gundlapalli, A. V., Hall,
A. J., & MacNeil, A. (2022). Seroprevalence of Infection-Induced SARS-CoV-2
Antibodies - United States, September 2021-February 2022. MMWR Morb Mortal Wkly

Rep, 71(17), 606-608. https://doi.org/10.15585/mmwr.mm7117e3

73


https://www.atsdr.cdc.gov/placeandhealth/svi/documentation/SVI_documentation_2020.html
https://www.atsdr.cdc.gov/placeandhealth/svi/documentation/SVI_documentation_2020.html
https://doi.org/10.3978/j.issn.2072-1439.2013.06.09
https://doi.org/10.3978/j.issn.2072-1439.2013.06.09

Cucinotta, D., & Vanelli, M. (2020). WHO Declares COVID-19 a Pandemic. Acta Biomed,

91(1), 157-160. https://doi.org/10.23750/abm.v91i1.9397

Damijan, J. P., Damijan, S., & Kostevc, C. (2022). Vaccination Is Reasonably Effective in
Limiting the Spread of COVID-19 Infections, Hospitalizations and Deaths with COVID-
19. Vaccines, 10 (5) , 678. https://doi.org/10.3390/vaccines10050678

Dasgupta, S., Bowen, V. B., Leidner, A., Fletcher, K., Musial, T., Rose, C., Cha, A., Kang, G.,
Dirlikov, E., Pevzner, E., Rose, D., Ritchey, M. D., Villanueva, J., Philip, C., Liburd, L.,
& Oster, A. M. (2020). Association Between Social Vulnerability and a County's Risk for
Becoming a COVID-19 Hotspot - United States, June 1-July 25, 2020. MMWR Morb
Mortal Wkly Rep, 69(42), 1535-1541. https://doi.org/10.15585/mmwr.mm6942a3

da Rosa Mesquita, R., Francelino Silva Junior, L. C., Santos Santana, F. M., Farias de Oliveira,
T., Campos Alcantara, R., Monteiro Arnozo, G., Rodrigues da Silva Filho, E., Galdino
Dos Santos, A. G., Oliveira da Cunha, E. J., Salgueiro de Aquino, S. H., & Freire de
Souza, C. D. (2021). Clinical manifestations of COVID-19 in the general population:
systematic review. Wien Klin Wochenschr, 133(7-8), 377-382.
https://doi.org/10.1007/s00508-020-01760-4

DeSalvo, K., Hughes, B., Bassett, M., Benjamin, G., Fraser, M., Galea, S., & Gracia, J. N.
(2021). Public Health COVID-19 Impact Assessment: Lessons Learned and Compelling

Needs. NAM Perspect, 2021. https://doi.org/10.31478/202104c

Dhar Chowdhury, S., & Oommen, A. M. (2020). Epidemiology of COVID-19. 11(1), 3-7.
Diesel, J., Sterrett, N., Dasgupta, S., Kriss, J. L., Barry, V., Vanden Esschert, K., Whiteman, A.,
Cadwell, B. L., Weller, D., Qualters, J. R., Harris, L., Bhatt, A., Williams, C., Fox, L. M.,

Meaney Delman, D., Black, C. L., & Barbour, K. E. (2021). COVID-19 Vaccination

74


https://doi.org/10.23750/abm.v91i1.9397
https://doi.org/10.31478/202104c

Coverage Among Adults - United States, December 14, 2020-May 22, 2021. MMWR

Morb Mortal Wkly Rep, 70(25), 922-927. https://doi.org/10.15585/mmwr.mm7025el
Djaharuddin, 1., Munawwarah, S., Nurulita, A., llyas, M., Tabri, N. A., & Lihawa, N. (2021).

Comorbidities and mortality in COVID-19 patients. Gac Sanit, 35 Suppl 2, S530-s532.

https://doi.org/10.1016/j.gaceta.2021.10.085

Donadio, G., Choudhary, M., Lindemer, E., Pawlowski, C., & Soundararajan, V. (2021).
Counties with Lower Insurance Coverage and Housing Problems Are Associated with
Both Slower Vaccine Rollout and Higher COVID-19 Incidence. Vaccines, 9(9).

Drawz, P. E., DeSilva, M., Bodurtha, P., Vazquez Benitez, G., Murray, A., Chamberlain, A. M.,
Dudley, R. A., Waring, S., Kharbanda, A. B., Murphy, D., Muscoplat, M. H., Melendez,
V., Margolis, K. L., McFarling, L., Lupu, R., Winkelman, T. N. A., & Johnson, S. G.
(2022). Effectiveness of BNT162b2 and mMRNA-1273 Second Doses and Boosters for
Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) Infection and SARS-
CoV-2-Related Hospitalizations: A Statewide Report From the Minnesota Electronic
Health Record Consortium. Clin Infect Dis, 75(5), 890-892.

https://doi.org/10.1093/cid/ciac110

Dryden-Peterson, S., Velasquez, G. E., Stopka, T. J., Davey, S., Lockman, S., & Ojikutu, B. O.
(2021). Disparities in SARS-CoV-2 Testing in Massachusetts During the COVID-19
Pandemic. JAMA Netw Open, 4(2), e2037067.
https://doi.org/10.1001/jamanetworkopen.2020.37067

Dubé, E., Gagnon, D., MacDonald, N. E., & SAGE Working Group on Vaccine Hesitancy
(2015). Strategies intended to address vaccine hesitancy: Review of published reviews.

Vaccine, 33(34), 4191-4203. https://doi.org/10.1016/j.vaccine.2015.04.041

75


https://doi.org/10.1016/j.gaceta.2021.10.085
https://doi.org/10.1093/cid/ciac110
https://doi.org/10.1016/j.vaccine.2015.04.041

DuPre, N. C., Karimi, S., Zhang, C. H., Blair, L., Gupta, A., Alharbi, L. M. A., Alluhibi, M.,
Mitra, R., McKinney, W. P., & Little, B. (2021). County-level demographic, social,
economic, and lifestyle correlates of COVID-19 infection and death trajectories during
the first wave of the pandemic in the United States. Sci Total Environ, 786, 147495.

https://doi.org/10.1016/j.scitotenv.2021.147495

Elko Daily. (2020). Nevada testing first potential case of coronavirus.
https://elkodaily.com/news/state-and-regional/nevada-testing-first-potential-case-of-
coronavirus/article_34664d27-d763-5223-8b55-e1d392fd6c56.html

El-Mohandes, A., White, T. M., Wyka, K., Rauh, L., Rabin, K., Kimball, S. H., Ratzan, S. C., &
Lazarus, J. V. (2021). COVID-19 vaccine acceptance among adults in four major US
metropolitan areas and nationwide. Sci Rep, 11(1), 21844.

https://doi.org/10.1038/s41598-021-00794-6

El-Sayed, A., & Kamel, M. (2021). Coronaviruses in humans and animals: the role of bats in
viral evolution. Environ Sci Pollut Res Int, 28(16), 19589-19600.
https://doi.org/10.1007/s11356-021-12553-1

Encyclopeadia Britannica (n.d.). Climate of Las Vegas. Encyclopadia Britannica.
https://www.britannica.com/place/Las-Vegas-Nevada/Climate

Esri. (n.d.). GIS Mapping Software, Location Intelligence & Spatial Analytics.
https://www.esri.com/en-us/home

Fehr, A. R., & Perlman, S. (2015). Coronaviruses: an overview of their replication and

pathogenesis. Methods Molecular Biology, 1282, 1-23. https://doi.org/10.1007/978-1-

4939-2438-7_1

76


https://doi.org/10.1016/j.scitotenv.2021.147495
https://doi.org/10.1038/s41598-021-00794-6
https://doi.org/10.1007/978-1-4939-2438-7_1
https://doi.org/10.1007/978-1-4939-2438-7_1

Ferdinands, J. M., Rao, S., Dixon, B. E., Mitchell, P. K., DeSilva, M. B., Irving, S. A., Lewis, N.,
Natarajan, K., Stenehjem, E., Grannis, S. J., Han, J., McEvoy, C., Ong, T. C., Naleway,
A. L., Reese, S. E., Embi, P. J., Dascomb, K., Klein, N. P., Griggs, E. P., . . . Fireman, B.
(2022). Waning 2-Dose and 3-Dose Effectiveness of mMRNA Vaccines Against COVID-
19-Associated Emergency Department and Urgent Care Encounters and Hospitalizations
Among Adults During Periods of Delta and Omicron Variant Predominance - VISION
Network, 10 States, August 2021-January 2022. MMWR Morb Mortal WKly Rep, 71(7),

255-263. https://doi.org/10.15585/mmwr.mm7107e2

Ferguson, J. M., Abdel Magid, H. S., Purnell, A. L., Kiang, M. V., & Osborne, T. F. (2021).
Differences in COVID-19 Testing and Test Positivity Among Veterans, United States,
2020. Public Health Reports, 136(4), 483-492.
https://doi.org/10.1177/00333549211009498

Flanagan, B. E., Gregory, E. W., Hallisey, E. J., Heitgerd, J. L., & Lewis, B. (2011). A social
vulnerability index for disaster management. Journal of homeland security and
emergency management, 8(1), 0000102202154773551792.

Fortner, A., & Schumacher, D. (2021). First COVID-19 Vaccines Receiving the US FDA and
EMA Emergency Use Authorization. Discoveries (Craiova), 9(1), e122.

https://doi.org/10.15190/d.2021.1

Freese, K. E., Vega, A., Lawrence, J. J., & Documet, P. I. (2021). Social Vulnerability Is
Associated with Risk of COVID-19 Related Mortality in U.S. Counties with Confirmed
Cases. Journal of health care for the poor and underserved, 32(1), 245-257.

https://doi.org/10.1353/hpu.2021.0022

77


https://doi.org/10.15585/mmwr.mm7107e2
https://doi.org/10.15190/d.2021.1
https://doi.org/10.1353/hpu.2021.0022

Frisco, M. L., Van Hook, J., & Thomas, K. J. A. (2022). Racial/ethnic and nativity disparities in
U.S. Covid-19 vaccination hesitancy during vaccine rollout and factors that explain them.
Social Science & Medicine, 307, 115183.

https://doi.org/https://doi.org/10.1016/j.socscimed.2022.115183

Gaffney, A., Woolhandler, S., & Himmelstein, D. U. (2022). COVID-19 Testing and Incidence
Among Uninsured and Insured Individuals in 2020: a National Study. J Gen Intern Med,
37(5), 1344-1347. https://doi.org/10.1007/s11606-022-07429-0

Gertz, A. H., Pollack, C. C., Schultheiss, M. D., & Brownstein, J. S. (2022). Delayed medical
care and underlying health in the United States during the COVID-19 pandemic: A cross-

sectional study. Prev Med Rep, 28, 101882. https://doi.org/10.1016/j.pmedr.2022.101882

Glatman-Freedman, A., Bromberg, M., Hershkovitz, Y., Sefty, H., Kaufman, Z., Dichtiar, R., &
Keinan-Boker, L. (2022). Effectiveness of BNT162b2 Vaccine Booster against SARS-
CoV-2 Infection and Breakthrough Complications, Israel. Emerg Infect Dis, 28(5), 948-
956. https://doi.org/10.3201/eid2805.220141

Gold, J. A. W., Rossen, L. M., Ahmad, F. B., Sutton, P., Li, Z., Salvatore, P. P., Coyle, J. P.,
DeCuir, J., Baack, B. N., Durant, T. M., Dominguez, K. L., Henley, S. J., Annor, F. B.,
Fuld, J., Dee, D. L., Bhattarai, A., & Jackson, B. R. (2020). Race, Ethnicity, and Age
Trends in Persons Who Died from COVID-19 - United States, May-August 2020.
MMWR Morb Mortal Wkly Rep, 69(42), 1517-1521.

https://doi.org/10.15585/mmwr.mm6942el

Goto, R., Kawachi, 1., Kondo, N., & Inoue, K. (2023). Contribution of vaccinations to reducing
socioeconomic disparities in COVID-19 deaths across U.S. counties. Annals of

Epidemiology. https://doi.org/10.1016/j.annepidem.2023.07.003

78


https://doi.org/https:/doi.org/10.1016/j.socscimed.2022.115183
https://doi.org/10.1016/j.pmedr.2022.101882
https://doi.org/10.15585/mmwr.mm6942e1
https://doi-org.ezproxy.library.unlv.edu/10.1016/j.annepidem.2023.07.003

Grewal, R., Nguyen, L., Buchan, S. A., Wilson, S. E., Nasreen, S., Austin, P. C., Brown, K. A.,
Fell, D. B., Gubbay, J. B., Schwartz, K. L., Tadrous, M., Wilson, K., & Kwong, J. C.
(2023). Effectiveness of mMRNA COVID-19 vaccine booster doses against Omicron

severe outcomes. Nat Commun, 14(1), 1273. https://doi.org/10.1038/s41467-023-36566-

1

Hanlon, A. L., Pauly, M. V., Huang, L., Lozano, A. J., Hirschman, K. B., McCauley, K., Press,
M., & Naylor, M. D. (2022). Medical Complexity Mediates Healthcare Resource Use in
the Socially Vulnerable. Journal of Healthcare Management, 67(3).
https://journals.lww.com/jhmonline/fulltext/2022/06000/medical_complexity mediates_h
ealthcare_resource.6.aspx

Hart, P. S., Chinn, S., & Soroka, S. (2020). Politicization and Polarization in COVID-19 News
Coverage. Sci Commun, 42(5), 679-697.

Havers, F. P., Pham, H., Taylor, C. A., Whitaker, M., Patel, K., Anglin, O., Kambhampati, A. K.,
Milucky, J., Zell, E., Moline, H. L., Chai, S. J., Kirley, P. D., Alden, N. B., Armistead, I.,
Yousey-Hindes, K., Meek, J., Openo, K. P., Anderson, E. J., Reeg, L., . . . McMorrow,
M. (2022). COVID-19-Associated Hospitalizations Among Vaccinated and Unvaccinated
Adults 18 Years or Older in 13 US States, January 2021 to April 2022. JAMA
INTERNAL MEDICINE, 182(10), 1071-1081.
https://doi.org/10.1001/jamainternmed.2022.4299

Hayes, A. F. (2017). Introduction to mediation, moderation, and conditional process analysis: A
regression-based approach. Guilford publications.

Hendricks, B., Price, B. S., Dotson, T., Kimble, W., Davis, S., Khodaverdi, M., Halasz, A.,

Smith, G. S., & Hodder, S. (2023). If you build it, will they come? Is test site availability

79


https://doi.org/10.1038/s41467-023-36566-1
https://doi.org/10.1038/s41467-023-36566-1

a root cause of geographic disparities in COVID-19 testing? Public Health, 216, 21-26.
https://doi.org/10.1016/j.puhe.2022.09.009

Hernandez, I., Dickson, S., Tang, S., Gabriel, N., Berenbrok, L. A., & Guo, J. (2022). Disparities
in distribution of COVID-19 vaccines across US counties: A geographic information
system-based cross-sectional study. PLoS Med, 19(7), e1004069.
https://doi.org/10.1371/journal.pmed.1004069

Holshue, M. L., DeBolt, C., Lindquist, S., Lofy, K. H., Wiesman, J., Bruce, H., Spitters, C.,
Ericson, K., Wilkerson, S., Tural, A., Diaz, G., Cohn, A., Fox, L., Patel, A., Gerber, S. .,
Kim, L., Tong, S., Lu, X., Lindstrom, S., . .. Pillai, S. K. (2020). First Case of 2019
Novel Coronavirus in the United States. N Engl J Med, 382(10), 929-936.

https://doi.org/10.1056/NEJM0a2001191

Hongru, D., Samee, S., & Lauren, M. G. (2023). Association between vaccination rates and
COVID-19 health outcomes in the United States: a population-level statistical analysis.
medRxiv, 2023.2006.2014.23291388. https://doi.org/10.1101/2023.06.14.23291388

Huang, Y., Yang, C., Xu, X. F., Xu, W., & Liu, S. W. (2020). Structural and functional
properties of SARS-CoV-2 spike protein: potential antivirus drug development for

COVID-19. Acta Pharmacol Sin, 41(9), 1141-1149. https://doi.org/10.1038/s41401-020-

0485-4

Hughes, M. M., Wang, A., Grossman, M. K., Pun, E., Whiteman, A., Deng, L., Hallisey, E.,
Sharpe, J. D., Ussery, E. N., Stokley, S., Musial, T., Weller, D. L., Murthy, B. P.,
Reynolds, L., Gibbs-Scharf, L., Harris, L., Ritchey, M. D., & Toblin, R. L. (2021).

County-Level COVID-19 Vaccination Coverage and Social Vulnerability - United States,

80


https://doi.org/10.1056/NEJMoa2001191
https://doi.org/10.1038/s41401-020-0485-4
https://doi.org/10.1038/s41401-020-0485-4

December 14, 2020-March 1, 2021. MMWR Morb Mortal Wkly Rep, 70(12), 431-436.
https://doi.org/10.15585/mmwr.mm7012el

Hughes, M. T., & Rushton, C. H. (2022). Ethics and Well-Being: The Health Professions and the
COVID-19 Pandemic. Acad Med, 97(3s), S98-s103.

https://doi.org/10.1097/acm.0000000000004524

Hu, S., Luo, W., Darzi, A., Pan, Y., Zhao, G., Liu, Y., & Xiong, C. (2021). Do racial and ethnic
disparities in following stay-at-home orders influence COVID-19 health outcomes? A
mediation analysis approach. PLoS One, 16(11), e0259803.

https://doi.org/10.1371/journal.pone.0259803

Hu, T., Yue, H., Wang, C., She, B., Ye, X, Liu, R., Zhu, X., Guan, W. W., & Bao, S. (2020).
Racial Segregation, Testing Site Access, and COVID-19 Incidence Rate in
Massachusetts, USA. International Journal of Environmental Research and Public Health,
17(24).

Islam, S. J., Nayak, A., Hu, Y., Mehta, A., Dieppa, K., Almuwagqat, Z., Ko, Y. A., Patel, S. A,,
Goyal, A., Sullivan, S., Lewis, T. T., Vaccarino, V., Morris, A. A., & Quyyumi, A. A.
(2021). Temporal trends in the association of social vulnerability and race/ethnicity with
county-level COVID-19 incidence and outcomes in the USA: an ecological analysis.

BMJ Open, 11(7), e048086. https://doi.org/10.1136/bmjopen-2020-048086

Ivanov, A., Mukherjee, U. K., Bose, S., Seshadri, S., Watkins, R., England, A. C., Suriano, J.,
Ahsen, M. E., & Souyris, S. (2024). COVID-19 test-to-stay program for K-12 schools:
Opt-in versus opt-out consent model. iScience, 27(1), 108770.

https://doi.org/10.1016/j.isci.2023.108770

81


https://doi.org/10.1097/acm.0000000000004524
https://doi.org/10.1371/journal.pone.0259803
https://doi.org/10.1136/bmjopen-2020-048086

Iwata, K., & Miyakoshi, C. (2022). Is COVID-19 mortality associated with test number? J
Family Med Prim Care, 11(5), 1842-1844. https://doi.org/10.4103/jfmpc.jfmpc_1633_21!

Jackson, S. L., Derakhshan, S., Blackwood, L., Lee, L., Huang, Q., Habets, M., & Cutter, S. L.
(2021). Spatial Disparities of COVID-19 Cases and Fatalities in United States Counties.
Int J Environ Res Public Health, 18(16). https://doi.org/10.3390/ijerph18168259

Jaiswal, N. K., & Saxena, S. K. (2020). Classical Coronaviruses. Coronavirus Disease 2019
(COVID-19), 141-150.

Janke, A. T., Mei, H., Rothenberg, C., Becher, R. D., Lin, Z., & Venkatesh, A. K. (2021).
Analysis of Hospital Resource Availability and COVID-19 Mortality Across the United
States. J Hosp Med, 16(4), 211-214. https://doi.org/10.12788/jhm.3539

Jebril, N. (2020). World Health Organization Declared a Pandemic Public Health Menace: A
Systematic Review of the Coronavirus Disease 2019 “COVID-19”. SSRN Electronic

Journal. https://doi.org/10.2139/ssrn.3566298

Jia, K. M., Hanage, W. P., Lipsitch, M., Johnson, A. G., Amin, A. B., Ali, A. R., Scobie, H. M.,
& Swerdlow, D. L. (2023). Estimated preventable COVID-19-associated deaths due to
non-vaccination in the United States. Eur J Epidemiol, 38(11), 1125-1128.
https://doi.org/10.1007/s10654-023-01006-3

Johnson, A. G., Linde, L., Ali, A. R., DeSantis, A., Shi, M., Adam, C., Armstrong, B.,
Armstrong, B., Asbell, M., & Auche, S. (2023). COVID-19 incidence and mortality
among unvaccinated and vaccinated persons aged> 12 years by receipt of bivalent
booster doses and time since vaccination—24 US jurisdictions, October 3, 2021

December 24, 2022. Morbidity and Mortality Weekly Report, 72(6), 145.

82


https://doi.org/10.2139/ssrn.3566298

Jones, N. K., Rivett, L., Seaman, S., Samworth, R. J., Warne, B., Workman, C., Ferris, M.,
Wright, J., Quinnell, N., Shaw, A., Cambridge COVID-19 Collaboration, Goodfellow, I.
G., Lehner, P. J., Howes, R., Wright, G., Matheson, N. J., & Weekes, M. P. (2021).
Single-dose BNT162b2 vaccine protects against asymptomatic SARS-CoV-2 infection.
eLife, 10, e68808. https://doi.org/10.7554/eL ife.68808

Kahn, J. S., & Mclintosh, K. (2005). History and recent advances in coronavirus discovery.
Pediatric Infectious Disease Journal, 24(11 Suppl), S223-227, discussion S226.

https://doi.org/10.1097/01.inf.0000188166.17324.60

Kannoth, S., Kandula, S., & Shaman, J. (2022). The association between early country-level
COVID-19 testing capacity and later COVID-19 mortality outcomes. Influenza and Other
Respiratory Viruses, 16(1), 56-62.

https://doi.org/https://doi.org/10.1111/irv.12906

Karaye, I. M., Thompson, C., & Horney, J. A. (2019). Evacuation Shelter Deficits for Socially
Vulnerable Texas Residents During Hurricane Harvey. Health Services Research and
Managerial Epidemiology, 6, 2333392819848885.

https://doi.org/10.1177/2333392819848885

Karaye, I. M., & Horney, J. A. (2020). The Impact of Social Vulnerability on COVID-19 in the
U.S.: An Analysis of Spatially Varying Relationships. American Journal of Preventive

Medicine, 59(3), 317-325. https://doi.org/https://doi.org/10.1016/j.amepre.2020.06.006

Kaur, S. P., & Gupta, V. (2020). COVID-19 Vaccine: A comprehensive status report. Virus Res,

288, 198114. https://doi.org/10.1016/j.virusres.2020.198114

Khairat, S., Zou, B., & Adler-Milstein, J. (2022). Factors and reasons associated with low

COVID-19 vaccine uptake among highly hesitant communities in the US. American

83


https://doi.org/10.1097/01.inf.0000188166.17324.60
https://doi.org/https:/doi.org/10.1111/irv.12906
https://doi.org/10.1177/2333392819848885
https://doi.org/https:/doi.org/10.1016/j.amepre.2020.06.006
https://doi.org/10.1016/j.virusres.2020.198114

Journal of Infection Control, 50(3), 262-267.
https://doi.org/https://doi.org/10.1016/j.ajic.2021.12.013

Khan, D., Park, M., Burkholder, J., Dumbuya, S., Ritchey, M. D., Yoon, P., Galante, A., Duva,
J. L., Freeman, J., Duck, W., Soroka, S., Bottichio, L., Wellman, M., Lerma, S., Lyons,
B. C., Dee, D., Haile, S., Gaughan, D. M., Langer, A., . .. Suthar, A. B. (2023). Tracking
COVID-19 in the United States With Surveillance of Aggregate Cases and Deaths. Public

Health Rep, 138(3), 428-437. https://doi.org/10.1177/00333549231163531

Khan, M. M., Odoi, A., & Odoi, E. W. (2023). Geographic disparities in COVID-19 testing and
outcomes in Florida. BMC Public Health, 23(1), 79. https://doi.org/10.1186/s12889-022-
14450-9

Khazanchi, R., Strumpf, A., Essien, U. R., Powers, S. D., & McManus, K. A. (2022).
Geographic Accessibility of COVID-19 Test to Treat Sites by Race, Ethnicity, Age, and
Rurality. JAMA Netw Open, 5(11), 2241144,

https://doi.org/10.1001/jamanetworkopen.2022.41144

King, W. C., Rubinstein, M., Reinhart, A., & Megjia, R. (2021). COVID-19 vaccine hesitancy
January-May 2021 among 18-64 year old US adults by employment and occupation.
Preventive Medicine Reports, 24, 1015609.

https://doi.org/https://doi.org/10.1016/j.pmedr.2021.101569

Kirby, R. P., Maimaran, M., & Palamountain, K. M. (2023). Is there a "price that's right" for at-
home COVID tests? PL0S One, 18(3), e0282043.
https://doi.org/10.1371/journal.pone.0282043

Kissling, E., Hooiveld, M., Martinez-Baz, I., Mazagatos, C., William, N., Vilcu, A. M.,

Kooijman, M. N., Ili¢, M., Domegan, L., Machado, A., de Lusignan, S., Lazar, M.,

84


https://doi.org/10.1177/00333549231163531
https://doi.org/10.1001/jamanetworkopen.2022.41144
https://doi.org/https:/doi.org/10.1016/j.pmedr.2021.101569

Meijer, A., Brytting, M., Casado, 1., Larrauri, A., Murray, J. K., Behillil, S., de Gier, B., .
.. Valenciano, M. (2022). Effectiveness of complete primary vaccination against

COVID-19 at primary care and community level during predominant Delta circulation in
Europe: multicentre analysis, -MOVE-COVID-19 and ECDC networks, July to August

2021. Euro Surveill, 27(21). https://doi.org/10.2807/1560-7917.Es.2022.27.21.2101104

Knighton, A. J., Savitz, L., Belnap, T., Stephenson, B., & VanDerslice, J. (2016). Introduction of
an Area Deprivation Index Measuring Patient Socioeconomic Status in an Integrated
Health System: Implications for Population Health. EGEMS (Wash DC), 4(3), 1238.
https://doi.org/10.13063/2327-9214.1238

Kricorian, K., Civen, R., & Equils, O. (2022). COVID-19 vaccine hesitancy: misinformation and
perceptions of vaccine safety. Hum Vaccin Immunother, 18(1), 1950504.

https://doi.org/10.1080/21645515.2021.1950504

Krieger, N., Feldman, J. M., Waterman, P. D., Chen, J. T., Coull, B. A., & Hemenway, D.
(2017). Local Residential Segregation Matters: Stronger Association of Census Tract
Compared to Conventional City-Level Measures with Fatal and Non-Fatal Assaults
(Total and Firearm Related), Using the Index of Concentration at the Extremes (ICE) for
Racial, Economic, and Racialized Economic Segregation, Massachusetts (US), 1995—
2010. Journal of Urban Health, 94(2), 244-258. https://doi.org/10.1007/s11524-016-
0116-z

Kriss, J. L., Hung, M. C., Srivastav, A., Black, C. L., Lindley, M. C., Lee, J. T., Koppaka, R.,
Tsai, Y., Lu, P. J, Yankey, D., Elam-Evans, L. D., & Singleton, J. A. (2022). COVID-19

Vaccination Coverage, by Race and Ethnicity - National Immunization Survey Adult

85


https://doi.org/10.2807/1560-7917.Es.2022.27.21.2101104
https://doi.org/10.1080/21645515.2021.1950504

COVID Module, United States, December 2020-November 2021. MMWR Morb Mortal
WKIly Rep, 71(23), 757-763. https://doi.org/10.15585/mmwr.mm7123a2

Kuehn, M., LaMori, J., DeMartino, J. K., Mesa-Frias, M., Doran, J., Korrapati, L., Bhojwani, R.,
Lefebvre, P., & Kirson, N. (2022). Assessing barriers to access and equity for COVID-19

vaccination in the US. BMC Public Health, 22(1), 2263. https://doi.org/10.1186/s12889-

022-14636-1

Kuitunen, 1., Uimonen, M., Seppdla, S. J., & Ponkilainen, V. T. (2022). COVID-19 vaccination
status and testing rates in Finland-A potential cause for bias in observational vaccine
effectiveness analysis. Influenza Other Respir Viruses, 16(5), 842-845.
https://doi.org/10.1111/irv.12993

Lalchhandama, K. (2020). The chronicles of coronaviruses: the electron microscope, the
doughnut, and the spike. Science Vision, 20, 78-92.

https://doi.org/10.33493/scivis.20.02.03

Lamb, Y. N. (2021). BNT162b2 mRNA COVID-19 Vaccine: First Approval. Drugs, 81(4), 495-
501. https://doi.org/10.1007/s40265-021-01480-7
Lango, M. N. (2020). How did we get here? Short history of COVID-19 and other coronavirus-

related epidemics. Head Neck, 42(7), 1535-1538. https://doi.org/10.1002/hed.26275

Lantz, B., Wenger, M. R., & Mills, J. M. (2023). Fear, Political Legitimization, and Racism:
Examining Anti-Asian Xenophobia During the COVID-19 Pandemic. 13(1), 80-104.

Las Vegas Review-Journal. (2020a). Coronavirus testing expanded to Laughlin next week
https://www.reviewjournal.com/life/health/coronavirus-testing-expanded-to-laughlin-

next-week-2021937/

86


https://doi.org/10.1186/s12889-022-14636-1
https://doi.org/10.1186/s12889-022-14636-1
https://doi.org/10.33493/scivis.20.02.03
https://doi.org/10.1002/hed.26275

Las Vegas Review-Journal. (2020b). US surgeon general checks out UMC’s COVID-19
response. https://www.reviewjournal.com/life/health/us-surgeon-general-checks-out-
umcs-covid-19-response-2120357/

Las Vegas Review-Journal. (2020c). 400 rally in Las Vegas to protest Gov. Sisolak’s closure
measures. https://www.reviewjournal.com/local/local-las-vegas/400-rally-in-las-vegas-
to-protest-gov-sisolaks-closure-measures-2015016/

Las Vegas Review-Journal. (2020d). Nevada orders 500K at-home COVID tests.
https://www.reviewjournal.com/news/politics-and-government/nevada/nevada-orders-
500k-at-home-covid-tests-2512232/

Las Vegas Sun. (2020a). Recent drop in COVID-19 testing in Nevada raises red flag for UNLV

epidemiologist.

https://lasvegassun.com/news/2020/aug/25/recent-drop-in-covid-19-testing-in-nevada-

raises-r/

Las Vegas Sun. (2020b). Clark County, UMC expand COVID-19 testing capacity with UNLV

site. https://lasvegassun.com/news/2020/may/26/clark-county-umc-expand-covid-19-

testing-capacity/

Lee, L. Y. W.,, Starkey, T., lonescu, M. C., Little, M., Tilby, M., Tripathy, A. R., McKenzie, H.
S., Al-Hajji, Y., Barnard, M., Benny, L., Burnett, A., Cattell, E. L., Charman, J., Clark, J.
J., Khan, S., Ghafoor, Q., lllsley, G., Harper-Wynne, C., Hattersley, R. J., . .. Johnson, P.
(2022). Vaccine effectiveness against COVID-19 breakthrough infections in patients with
cancer (UKCCEP): a population-based test-negative case-control study. Lancet Oncol,

23(6), 748-757. https://doi.org/10.1016/51470-2045(22)00202-9

87


https://www.reviewjournal.com/life/health/us-surgeon-general-checks-out-umcs-covid-19-response-2120357/
https://www.reviewjournal.com/life/health/us-surgeon-general-checks-out-umcs-covid-19-response-2120357/
https://www.reviewjournal.com/local/local-las-vegas/400-rally-in-las-vegas-to-protest-gov-sisolaks-closure-measures-2015016/
https://www.reviewjournal.com/local/local-las-vegas/400-rally-in-las-vegas-to-protest-gov-sisolaks-closure-measures-2015016/
https://lasvegassun.com/news/2020/aug/25/recent-drop-in-covid-19-testing-in-nevada-
https://lasvegassun.com/news/2020/aug/25/recent-drop-in-covid-19-testing-in-nevada-
https://lasvegassun.com/news/2020/may/26/clark-county-umc-expand-covid-19-
https://lasvegassun.com/news/2020/may/26/clark-county-umc-expand-covid-19-

Lee, R. M., Handunge, V. L., Augenbraun, S. L., Nguyen, H., Torres, C. H., Ruiz, A., &
Emmons, K. M. (2022). Addressing COVID-19 Testing Inequities Among Underserved
Populations in Massachusetts: A Rapid Qualitative Exploration of Health Center Staff,
Partner, and Resident Perceptions. Front Public Health, 10, 838544.

https://doi.org/10.3389/fpubh.2022.838544

Lieberman-Cribbin, W., Alpert, N., Flores, R., & Taioli, E. (2021). Analyzing disparities in
COVID-19 testing trends according to risk for COVID-19 severity across New York
City. BMC Public Health, 21(1), 1717. https://doi.org/10.1186/s12889-021-11762-0

Lin, Y. F., Duan, Q., Zhou, Y., Yuan, T., Li, P., Fitzpatrick, T., Fu, L., Feng, A., Luo, G., Zhan,
Y., Liang, B., Fan, S., Lu, Y., Wang, B., Wang, Z., Zhao, H., Gao, Y., Li, M., Chen, D., .
.. Zou, H. (2020). Spread and Impact of COVID-19 in China: A Systematic Review and
Synthesis of Predictions From Transmission-Dynamic Models. Front Med (Lausanne), 7,

321. https://doi.org/10.3389/fmed.2020.00321

Li, X., Cui, W., & Zhang, F. (2020). Who Was the First Doctor to Report the COVID-19
Outbreak in Wuhan, China? J Nucl Med, 61(6), 782-783.
https://doi.org/10.2967/jnumed.120.247262

Liu, J., Xie, W., Wang, Y., Xiong, Y., Chen, S., Han, J., & Wu, Q. (2020). A comparative
overview of COVID-19, MERS and SARS: Review article. Int J Surg, 81, 1-8.
https://doi.org/10.1016/j.ijsu.2020.07.032

Liu, Y.-C., Kuo, R.-L., & Shih, S.-R. (2020). COVID-19: The first documented coronavirus
pandemic in history. Biomedical Journal, 43(4), 328-333.

https://doi.org/https://doi.org/10.1016/j.bj.2020.04.007

88


https://doi.org/10.3389/fpubh.2022.838544
https://doi.org/10.3389/fmed.2020.00321
https://doi.org/https:/doi.org/10.1016/j.bj.2020.04.007

Ma, K. C. (2023). Trends in Laboratory-Confirmed SARS-CoV-2 Reinfections and Associated
Hospitalizations and Deaths Among Adults Aged> 18 Years—18 US Jurisdictions,
September 2021-December 2022. MMWR. Morbidity and Mortality Weekly Report, 72.

Machado, A., Kislaya, 1., Rodrigues, A. P., Sequeira, D., Lima, J., Cruz, C., Leite, P. P., Matias
Dias, C., & Nunes, B. (2022). COVID-19 vaccine effectiveness against symptomatic
SARS-CoV-2 infections, COVID-19 related hospitalizations and deaths, among
individuals aged >65 years in Portugal: A cohort study based on data-linkage of national
registries February-September 2021. PL0S One, 17(9), e0274008.
https://doi.org/10.1371/journal.pone.0274008

Mahase, E. (2020). Covid-19: First coronavirus was described in The BMJ in 1965. BMJ, 369,

m1547. https://doi.org/10.1136/bmj.m1547

Maltezou, H. C., Basoulis, D., Bonelis, K., Gamaletsou, M. N., Giannouchos, T. V., Karantoni,
E., Karapanou, A., Kounouklas, K., Livanou, M. E., Zotou, M., Rapti, V., Stamou, P.,
Loulakis, D., Souliotis, K., Chini, M., Panagopoulos, P., Poulakou, G., Syrigos, K. N.,
Hatzigeorgiou, D., & Sipsas, N. V. (2023). Effectiveness of full (booster) COVID-19
vaccination against severe outcomes and work absenteeism in hospitalized patients with
COVID-19 during the Delta and Omicron waves in Greece. Vaccine, 41(14), 2343-2348.

https://doi.org/10.1016/j.vaccine.2023.01.067

Margaret, L. L., Alexander James, R., Julio, S., Frederick, W., Andreas, C. C., Nathan, P.,
Chelsea, D., Peri, S., Erendira, C. D. G., Ryan, B., Mariam, O. F., Otavio, T. R., Natalie,
E. D., Jason, R. A, Julio, C., Akiko, I., Derek, A. T. C., Albert, I. K., Matt, D. T. H., &
Wade, L. S. (2022). Effectiveness of Primary and Booster COVID-19 mRNA

Vaccination against Omicron Variant SARS-CoV-2 Infection in People with a Prior

89


https://doi.org/10.1136/bmj.m1547
https://doi.org/10.1016/j.vaccine.2023.01.067

SARS-CoV-2 Infection. medRxiv, 2022.2004.2019.22274056.

https://doi.org/10.1101/2022.04.19.22274056

Martin, C. A., Marshall, C., Patel, P., Goss, C., Jenkins, D. R., Ellwood, C., Barton, L., Price, A.,
Brunskill, N. J., Khunti, K., & Pareek, M. (2021). SARS-CoV-2 vaccine uptake in a
multi-ethnic UK healthcare workforce: A cross-sectional study. PLOS Medicine, 18(11),
€1003823. https://doi.org/10.1371/journal.pmed.1003823

Matias, W. R., Fulcher, I. R., Sauer, S. M., Nolan, C. P., Guillaume, Y., Zhu, J., Molano, F. J.,
Uceta, E., Collins, S., Slater, D. M., Sanchez, V. M., Moheed, S., Harris, J. B., Charles,
R. C., Paxton, R. M., Gonsalves, S. F., Franke, M. F., & Ivers, L. C. (2023). Disparities in
SARS-CoV-2 Infection by Race, Ethnicity, Language, and Social Vulnerability:
Evidence from a Citywide Seroprevalence Study in Massachusetts, USA. Journal of
Racial and Ethnic Health Disparities. https://doi.org/10.1007/s40615-022-01502-4

Maya, S., & Kahn, J. G. (2023). COVID-19 testing protocols to guide duration of isolation: a
cost-effectiveness analysis. BMC Public Health, 23(1), 864.

https://doi.org/10.1186/512889-023-15762-0

McLaughlin, J. M., Khan, F., Pugh, S., Angulo, F. J., Schmitt, H. J., Isturiz, R. E., Jodar, L., &
Swerdlow, D. L. (2021). County-level Predictors of Coronavirus Disease 2019 (COVID-
19) Cases and Deaths in the United States: What Happened, and Where Do We Go from

Here? Clin Infect Dis, 73(7), e1814-e1821. https://doi.org/10.1093/cid/ciaal729

McPhearson, T., Grabowski, Z., Herreros-Cantis, P., Mustafa, A., Ortiz, L., Kennedy, C.,
Tomateo, C., Lopez, B., Olivotto, V., & Vantu, A. (2020). Pandemic Injustice: Spatial
and Social Distributions of COVID-19 in the US Epicenter. Journal of Extreme Events,

07(04), 2150007. https://doi.org/10.1142/S234573762150007X

90


https://doi.org/10.1101/2022.04.19.22274056
https://doi.org/10.1186/s12889-023-15762-0
https://doi.org/10.1093/cid/ciaa1729

Megahed, F. M., Jones-Farmer, L. A., Ma, Y., & Rigdon, S. E. (2022). Explaining the Varying
Patterns of COVID-19 Deaths Across the United States: 2-Stage Time Series Clustering

Framework. JMIR Public Health Surveill, 8(7), e32164. https://doi.org/10.2196/32164

Mehta, H. B., Li, S., & Goodwin, J. S. (2022). Effectiveness of COVID-19 Booster on the Risk
of Hospitalization Among Medicare Beneficiaries. Mayo Clin Proc, 97(10), 1780-1793.
https://doi.org/10.1016/j.mayocp.2022.06.029

Memish, Z. A., Perlman, S., Van Kerkhove, M. D., & Zumla, A. (2020). Middle East respiratory

syndrome. Lancet, 395(10229), 1063-1077. https://doi.org/10.1016/S0140-

6736(19)33221-0

Mody, A., Bradley, C., Redkar, S., Fox, B., Eshun-Wilson, 1., Hlatshwayo, M. G., Trolard, A.,
Tram, K. H., Filiatreau, L. M., Thomas, F., Haslam, M., Turabelidze, G., Sanders-
Thompson, V., Powderly, W. G., & Geng, E. H. (2022). Quantifying inequities in
COVID-19 vaccine distribution over time by social vulnerability, race and ethnicity, and
location: A population-level analysis in St. Louis and Kansas City, Missouri. PLOS

Medicine, 19(8), €1004048. https://doi.org/10.1371/journal.pmed.1004048

Mohammed Shadab, S., & Mohammed Asadullah, J. (2023). A Concise Review on Current
Omicron Variants and Subvariants (SARS-Cov-2) and Effective Vaccines against them.
Journal of Pharmaceutical Research Science &amp; Technology [ ISSN: 2583-3332],
6(2), 119-125. https://doi.org/10.31531/jprst.1000167

Morens, D. M., Breman, J. G., Calisher, C. H., Doherty, P. C., Hahn, B. H., Keusch, G. T.,
Kramer, L. D., LeDuc, J. W., Monath, T. P., & Taubenberger, J. K. (2020). The Origin of
COVID-19 and Why It Matters. Am J Trop Med Hyg, 103(3), 955-959.

https://doi.org/10.4269/ajtmh.20-0849

91


https://doi.org/10.2196/32164
https://doi.org/10.1016/S0140-6736(19)33221-0
https://doi.org/10.1016/S0140-6736(19)33221-0
https://doi.org/10.1371/journal.pmed.1004048
https://doi.org/10.4269/ajtmh.20-0849

Morlock, R., Morlock, A., Downen, M., & Shah, S. N. (2021). COVID-19 prevalence and
predictors in United States adults during peak stay-at-home orders. PLoS One, 16(1),
e0245586. https://doi.org/10.1371/journal.pone.0245586

Motairek, 1., Janus, S. E., Hajjari, J., Nasir, K., Khan, S. U., Rajagopalan, S., & Al-Kindi, S.
(2022). Social Vulnerability and Excess Mortality in the COVID-19 Era. Am J Cardiol,

172, 172-174. https://doi.org/10.1016/j.amjcard.2022.03.011

Mullachery, P. H., Li, R., Melly, S., Kolker, J., Barber, S., Diez Roux, A. V., & Bilal, U. (2022).
Inequities in spatial accessibility to COVID-19 testing in 30 large US cities. Soc Sci Med,
310, 115307. https://doi.org/10.1016/j.socscimed.2022.115307

Mufioz-Price, L. S., Nattinger, A. B., Rivera, F., Hanson, R., Gmehlin, C. G., Perez, A., Singh,
S., Buchan, B. W., Ledeboer, N. A., & Pezzin, L. E. (2020). Racial Disparities in
Incidence and Outcomes Among Patients With COVID-19. JAMA Netw Open, 3(9),
€2021892. https://doi.org/10.1001/jamanetworkopen.2020.21892

Nande, A., Sheen, J., Walters, E. L., Klein, B., Chinazzi, M., Gheorghe, A. H., Adlam, B.,
Shinnick, J., Tejeda, M. F., Scarpino, S. V., Vespignani, A., Greenlee, A. J., Schneider,
D., Levy, M. Z., & Hill, A. L. (2021). The effect of eviction moratoria on the
transmission of SARS-CoV-2. Nat Commun, 12(1), 2274.
https://doi.org/10.1038/s41467-021-22521-5

Nevada Health Response. (2020a). COVID-19: cases https://nvhealthresponse.nv.gov/#covid-
data-tracker

Nevada Health Response. (2020b). COVID-19: demographics: vaccinations

https://nvhealthresponse.nv.gov/#covid-data-tracker

92


https://doi.org/10.1016/j.amjcard.2022.03.011
https://doi.org/10.1038/s41467-021-22521-5

Nevada Health Response. (2020c). COVID-19: deaths https://nvhealthresponse.nv.gov/#covid-
data-tracker

Nordstrém, P., Ballin, M., & Nordstrom, A. (2022). Risk of infection, hospitalisation, and death
up to 9 months after a second dose of COVID-19 vaccine: a retrospective, total
population cohort study in Sweden. Lancet, 399(10327), 814-823.

https://doi.org/10.1016/s0140-6736(22)00089-7

Nowroozpoor, A., Choo, E. K., & Faust, J. S. (2020). Why the United States failed to contain
COVID-19. J Am Coll Emerg Physicians Open, 1(4), 686-688.

https://doi.org/10.1002/emp2.12155

Oates, G. R., Juarez, L. D., Horswell, R., Chu, S., Miele, L., Fouad, M. N., Curry, W. A., Fort,
D., Hillegass, W. B., & Danos, D. M. (2021). The Association Between Neighborhood
Social Vulnerability and COVID-19 Testing, Positivity, and Incidence in Alabama and
Louisiana. Journal of Community Health, 46(6), 1115-1123.

https://doi.org/10.1007/s10900-021-00998-x

Oishi, S., Cha, Y., & Schimmack, U. (2021). The Social Ecology of COVID-19 Cases and
Deaths in New York City: The Role of Walkability, Wealth, and Race. Social
Psychological and Personality Science, 12(8), 1457-1466.
https://doi.org/10.1177/1948550620979259

Omrani, A. S., Al-Tawfiqg, J. A., & Memish, Z. A. (2015). Middle East respiratory syndrome
coronavirus (MERS-CoV): animal to human interaction. Pathog Glob Health, 109(8),

354-362. https://doi.org/10.1080/20477724.2015.1122852

93


https://doi.org/10.1016/s0140-6736(22)00089-7
https://doi.org/10.1002/emp2.12155
https://doi.org/10.1007/s10900-021-00998-x

Park, C. L., Russell, B. S., Fendrich, M., Finkelstein-Fox, L., Hutchison, M., & Becker, J.
(2020). Americans' COVID-19 Stress, Coping, and Adherence to CDC Guidelines. J Gen
Intern Med, 35(8), 2296-2303. https://doi.org/10.1007/s11606-020-05898-9

Parker, C. F., & Stern, E. K. (2022). The Trump Administration and the COVID-19 crisis:
Exploring the warning-response problems and missed opportunities of a public health

emergency. Public Adm. https://doi.org/10.1111/padm.12843

Parsons, L. A., Lo, F., Ward, A., Shindell, D., & Raman, S. R. (2023). Higher Temperatures in
Socially Vulnerable US Communities Increasingly Limit Safe Use of Electric Fans for
Cooling. GeoHealth, 7(8), e2023GH000809.

https://doi.org/https://doi.org/10.1029/2023GH000809

Paul, A., Englert, P., & Varga, M. (2021). Socio-economic disparities and COVID-19 in the

USA. Journal of Physics: Complexity, 2(3), 035017. https://doi.org/10.1088/2632-

072X/ac0fc7

Pawlowski, C., Lenehan, P., Puranik, A., Agarwal, V., Venkatakrishnan, A. J., Niesen, M. J., ...
& Soundararajan, V. (2021). FDA-authorized mRNA COVID-19 vaccines are effective
per real-world evidence synthesized across a multi-state health system. Med, 2(8), 979-
992.

Pence, J., Miller, 1., Sakurahara, T., Whitacre, J., Reihani, S., Kee, E., & Mohaghegh, Z. (2019).
GIS-Based Integration of Social Vulnerability and Level 3 Probabilistic Risk Assessment
to Advance Emergency Preparedness, Planning, and Response for Severe Nuclear Power
Plant Accidents. Risk Analysis, 39(6), 1262-1280.

https://doi.org/https://doi.org/10.1111/risa.13241

94


https://doi.org/10.1111/padm.12843
https://doi.org/https:/doi.org/10.1029/2023GH000809
https://doi.org/10.1088/2632-072X/ac0fc7
https://doi.org/10.1088/2632-072X/ac0fc7
https://doi.org/https:/doi.org/10.1111/risa.13241

Petras, M., Lesna, 1. K., Vecefova, L., Nycova, E., Malinova, J., Klézl, P., Nezvedova, M.,
White, R. E., Macalik, R., Dafova, J., Celko, A. M., & Adamkova, V. (2021). The
Effectiveness of Post-Vaccination and Post-Infection Protection in the Hospital Staff of
Three Prague Hospitals: A Cohort Study of 8-Month Follow-Up from the Start of the
COVID-19 Vaccination Campaign (COVANESS). Vaccines (Basel), 10(1).
https://doi.org/10.3390/vaccines10010009

Platto, S., Wang, Y., Zhou, J., & Carafoli, E. (2021). History of the COVID-19 pandemic:
Origin, explosion, worldwide spreading. Biochem Biophys Res Commun, 538, 14-23.

https://doi.org/10.1016/j.bbrc.2020.10.087

Porter, G., Desai, K., George, V., Coughlin, S. S., & Moore, J. X. (2021). Racial Disparities in
the Epidemiology of COVID-19 in Georgia: Trends Since State-Wide Reopening. Health

Equity, 5(1), 91-99. https://doi.org/10.1089/heq.2020.0089

Prasad, N. K., Englum, B. R., Mayorga-Carlin, M., Turner, D. J., Sahoo, S., Sorkin, J. D., & Lal,
B. K. (2022). Partial COVID-19 vaccination associated with reduction in postoperative
mortality and SARS-CoV-2 infection. Am J Surg, 224(4), 1097-1102.
https://doi.org/10.1016/j.amjsurg.2022.03.038

Pustake, M., Tambolkar, 1., Giri, P., & Gandhi, C. (2022). SARS, MERS and CoVID-19: An
overview and comparison of clinical, laboratory and radiological features. J Family Med

Prim Care, 11(1), 10-17. https://doi.org/10.4103/jfmpc.jfmpc_839 21

Rader, B., Astley, C. M., Sy, K. T. L., Sewalk, K., Hswen, Y., Brownstein, J. S., & Kraemer, M.
U. G. (2020). Geographic access to United States SARS-CoV-2 testing sites highlights
healthcare disparities and may bias transmission estimates. J Travel Med, 27(7).

https://doi.org/10.1093/jtm/taaa076

95


https://doi.org/10.1016/j.bbrc.2020.10.087
https://doi.org/10.1089/heq.2020.0089
https://doi.org/10.4103/jfmpc.jfmpc_839_21
https://doi.org/10.1093/jtm/taaa076

Rader, B., Gertz, A., luliano, A. D., Gilmer, M., Wronski, L., Astley, C. M., Sewalk, K.,
Varrelman, T. J., Cohen, J., Parikh, R., Reese, H. E., Reed, C., & Brownstein, J. S.
(2022). Use of At-Home COVID-19 Tests - United States, August 23, 2021-March 12,
2022. MMWR Morb Mortal WKly Rep, 71(13), 489-494.
https://doi.org/10.15585/mmwr.mm7113el

Rahimi, A., Mirzazadeh, A., & Tavakolpour, S. (2021). Genetics and genomics of SARS-CoV-2:
A review of the literature with the special focus on genetic diversity and SARS-CoV-2
genome detection. Genomics, 113(1 Pt 2), 1221-1232.

https://doi.org/10.1016/j.ygeno.2020.09.059

Ransome, Y., Ojikutu, B. O., Buchanan, M., Johnston, D., & Kawachi, I. (2021). Neighborhood
Social Cohesion and Inequalities in COVID-19 Diagnosis Rates by Area-Level
Black/African American Racial Composition. Journal of Urban Health, 98(2), 222-232.

https://doi.org/10.1007/s11524-021-00532-3

Raymundo, C. E., Oliveira, M. C., Eleuterio, T. A., André, S. R., da Silva, M. G., Queiroz, E., &
Medronho, R. A. (2021). Spatial analysis of COVID-19 incidence and the
sociodemographic context in Brazil. PLoS One, 16(3), e0247794.
https://doi.org/10.1371/journal.pone.0247794

Razieh, C., Zaccardi, F., Islam, N., Gillies, C. L., V. Chudasama, Y., Rowlands, A., Kloecker, D.
E., Davies, M. J., Khunti, K., & Yates, T. (2021). Ethnic minorities and COVID-19:
examining whether excess risk is mediated through deprivation. European Journal of

Public Health, 31(3), 630-634. https://doi.org/10.1093/eurpub/ckab041

Redmond, S. N., Jones, L. D., Sadri, N., Schmotzer, C., Navas, M. E., Zabarsky, T. F., Bhullar,

D., & Donskey, C. J. (2022). Severe acute respiratory syndrome coronavirus 2 (SARS-

96


https://doi.org/10.1016/j.ygeno.2020.09.059
https://doi.org/10.1093/eurpub/ckab041

CoV-2) infection in vaccinated and unvaccinated healthcare personnel in a Veterans'
Affairs healthcare system. Infection control and hospital epidemiology, 43(9), 1300—

1301. https://doi.org/10.1017/ice.2021.256

Ren, S. Y., Wang, W. B., Hao, Y. G., Zhang, H. R., Wang, Z. C., Chen, Y. L., & Gao, R. D.
(2020). Stability and infectivity of coronaviruses in inanimate environments. World J

Clin Cases, 8(8), 1391-1399. https://doi.org/10.12998/wjcc.v8.i8.1391

Rentsch, C. T., Kidwai-Khan, F., Tate, J. P., Park, L. S., King, J. T., Jr., Skanderson, M., Hauser,
R. G., Schultze, A., Jarvis, C. I., Holodniy, M., Lo Re, V., 3rd, Akgun, K. M., Crothers,
K., Taddei, T. H., Freiberg, M. S., & Justice, A. C. (2020). Patterns of COVID-19 testing
and mortality by race and ethnicity among United States veterans: A nationwide cohort

study. PLoS Med, 17(9), e1003379. https://doi.org/10.1371/journal.pmed.1003379

Reynolds, M. W., Secora, A., Joules, A., Albert, L., Brinkley, E., Kwon, T., Mack, C., Toovey,
S., & Dreyer, N. A. (2022). Evaluating real-world COVID-19 vaccine effectiveness using
a test-negative case-control design. J Comp Eff Res, 11(16), 1161-1172.

https://doi.org/10.2217/cer-2022-0069

Ri, H., & Chen, X. (2022). The updated strategy to overcome new challenge: Omicron variant
(B.1.1.529) pandemic. Clinical and Translational Discovery, 2(1), e28.

https://doi.org/https://doi.org/10.1002/ctd2.28

Roberts, E. K., Gu, T., Wagner, A. L., Mukherjee, B., & Fritsche, L. G. (2022). Estimating
COVID-19 Vaccination and Booster Effectiveness Using Electronic Health Records
From an Academic Medical Center in Michigan. AJPM Focus, 1(1), 100015.

https://doi.org/10.1016/j.focus.2022.100015

97


https://doi.org/10.1017/ice.2021.256
https://doi.org/10.12998/wjcc.v8.i8.1391
https://doi.org/10.1371/journal.pmed.1003379
https://doi.org/10.2217/cer-2022-0069
https://doi.org/https:/doi.org/10.1002/ctd2.28

Rosenberg, E. S., Dufort, E. M., Blog, D. S., Hall, E. W., Hoefer, D., Backenson, B. P., Muse, A.
T., Kirkwood, J. N., St. George, K., Holtgrave, D. R., Hutton, B. J., Zucker, H. A., &
New York State Coronavirus Response, T. (2020). COVID-19 Testing, Epidemic
Features, Hospital Outcomes, and Household Prevalence, New York State—March 2020.

Clinical Infectious Diseases, 71(8), 1953-1959. https://doi.org/10.1093/cid/ciaa549

Royston, J. P. (1989). Correcting the shapiro-wilk Wfor ties. Journal of Statistical Computation

and Simulation, 31(4), 237-249. https://doi.org/10.1080/00949658908811146

Rudolph, J. L., Hartronft, S., McConeghy, K., Kennedy, M., Intrator, O., Minor, L., Hubert, T.
L., & Goldstein, M. K. (2021). Proportion of SARS-CoV-2 positive tests and vaccination
in Veterans Affairs Community Living Centers. Journal of the American Geriatrics

Society, 69(8), 2090-2095. https://doi.org/10.1111/jgs.17180

Saarinen, S., Moustgaard, H., Remes, H., Sallinen, R., & Martikainen, P. (2022). Income
differences in COVID-19 incidence and severity in Finland among people with foreign
and native background: A population-based cohort study of individuals nested within
households. PLOS Medicine, 19(8), €1004038.
https://doi.org/10.1371/journal.pmed.1004038

Saelee, R., Chandra Murthy, N., Patel Murthy, B., Zell, E., Shaw, L., Gibbs-Scharf, L., Harris,
L., & Shaw, K. M. (2023). Minority Health Social Vulnerability Index and COVID-19
vaccination coverage - The United States, December 14, 2020-January 31, 2022.

Vaccine, 41(12), 1943-1950. https://doi.org/10.1016/j.vaccine.2023.02.022

Samson, L. W., Tarazi, W., Orav, E. J., Sheingold, S., De Lew, N., & Sommers, B. D. (2021).

Associations between county-level vaccination rates and COVID-19 outcomes among

98


https://doi.org/10.1093/cid/ciaa549
https://doi.org/10.1080/00949658908811146
https://doi.org/10.1111/jgs.17180
https://doi.org/10.1016/j.vaccine.2023.02.022

medicare beneficiaries. ASPE: Office Of The Assistant Secretary For Planning And
Evaluation.

Samuel, L. J., Gaskin, D. J., Trujillo, A. J., Szanton, S. L., Samuel, A., & Slade, E. (2021). Race,
ethnicity, poverty and the social determinants of the coronavirus divide: U.S. county-
level disparities and risk factors. BMC Public Health, 21(1), 1250.

https://doi.org/10.1186/512889-021-11205-w

Satici, B., Saricali, M., Satici, S. A., & Griffiths, M. D. (2022). Intolerance of Uncertainty and
Mental Wellbeing: Serial Mediation by Rumination and Fear of COVID-19. International
Journal of Mental Health and Addiction, 20(5), 2731-2742.
https://doi.org/10.1007/s11469-020-00305-0

Setia, M. S. (2016). Methodology Series Module 3: Cross-sectional Studies. Indian J Dermatol, 61(3),
261-264. https://doi.org/10.4103/0019-5154.182410

Sharma, A., Oda, G., & Holodniy, M. (2022). Effectiveness of Messenger RNA-based Vaccines
During the Emergence of the Severe Acute Respiratory Syndrome Coronavirus 2
Omicron Variant. Clin Infect Dis, 75(12), 2186-2192. https://doi.org/10.1093/cid/ciac325

Shi, Y., Wang, G., Cai, X. P, Deng, J. W., Zheng, L., Zhu, H. H., Zheng, M., Yang, B., & Chen,
Z. (2020). An overview of COVID-19. J Zhejiang Univ Sci B, 21(5), 343-360.

https://doi.org/10.1631/jzus.B2000083

Shultz, J. M., Perlin, A., Saltzman, R. G., Espinel, Z., & Galea, S. (2020). Pandemic March:
2019 Coronavirus Disease's First Wave Circumnavigates the Globe. Disaster Med Public

Health Prep, 14(5), e28-e32. https://doi.org/10.1017/dmp.2020.103

Shyu, D., Dorroh, J., Holtmeyer, C., Ritter, D., Upendran, A., Kannan, R., Dandachi, D., Rojas-

Moreno, C., Whitt, S. P., & Regunath, H. (2020). Laboratory Tests for COVID-19: A

99


https://doi.org/10.1186/s12889-021-11205-w
https://doi.org/10.1631/jzus.B2000083
https://doi.org/10.1017/dmp.2020.103

Review of Peer-Reviewed Publications and Implications for Clinical Use. Mo Med,
117(3), 184-195.

Silva, S., Goosbhy, E., & Reid, M. J. A. (2023). Assessing the impact of one million COVID-19
deaths in America: economic and life expectancy losses. Sci Rep, 13(1), 3065.

https://doi.org/10.1038/s41598-023-30077-1

Singhal, T. (2020). A Review of Coronavirus Disease-2019 (COVID-19). The Indian Journal of

Pediatrics, 87(4), 281-286. https://doi.org/10.1007/s12098-020-03263-6

Smarty. (n.d.). USPS & International Address Verification. https://www.smarty.com/

Southern Nevada Health District. (2020a). Southern Nevada Health District announces positive
case of covid-19 in a Clark County resident.

https://www.southernnevadahealthdistrict.org/news-release/southern-nevada-health-

district-announces-positive-case-of-covid-19-in-a-clark-county-resident/

Southern Nevada Health District. (2020b). Southern Nevada Health District announces one
patient under investigation for novel coronavirus.

https://www.southernnevadahealthdistrict.org/news-release/southern-nevada-health-

district-announces-one-patient-under-investigation-for-novel-coronavirus/

Southern Nevada Health District. (2020c). Southern Nevada Health District is reporting a total
of 35 cases in Clark County including one death.

https://www.southernnevadahealthdistrict.org/news-release/southern-nevada-health-

district-is-reporting-a-total-of-35-cases-in-clark-county-including-one-death/

Southern Nevada Health District. (2020d). First shipment of COVID-19 vaccine received by the

Southern Nevada Health District.

100


https://doi.org/10.1038/s41598-023-30077-
https://doi.org/10.1007/s12098-020-03263-6
https://www.smarty.com/
https://www.southernnevadahealthdistrict.org/news-release/southern-nevada-health-district-announces-positive-case-of-covid-19-in-a-clark-county-resident/
https://www.southernnevadahealthdistrict.org/news-release/southern-nevada-health-district-announces-positive-case-of-covid-19-in-a-clark-county-resident/
https://www.southernnevadahealthdistrict.org/news-release/southern-nevada-health-district-announces-one-patient-under-investigation-for-novel-coronavirus/
https://www.southernnevadahealthdistrict.org/news-release/southern-nevada-health-district-announces-one-patient-under-investigation-for-novel-coronavirus/
https://www.southernnevadahealthdistrict.org/news-release/southern-nevada-health-district-is-reporting-a-total-of-35-cases-in-clark-county-including-one-death/
https://www.southernnevadahealthdistrict.org/news-release/southern-nevada-health-district-is-reporting-a-total-of-35-cases-in-clark-county-including-one-death/

https://www.southernnevadahealthdistrict.org/news-release/first-shipment-of-covid-19-

vaccine-received-by-the-southern-nevada-health-district/

Southern Nevada Health District. (2021a). One Million Dose Milestone Reached in Clark
County.
https://www.southernnevadahealthdistrict.org/news-release/one-million-dose-milestone-
reached-in-clark-county/

Southern Nevada Health District. (2021b). Southern Nevada Health District COVID-19 Update.
https://www.southernnevadahealthdistrict.org/news-release/southern-nevada-health-
district-covid-19-update-32/

Spangler, K. R., Manjourides, J., Lynch, A. H., & Wellenius, G. A. (2019). Characterizing
Spatial Variability of Climate-Relevant Hazards and Vulnerabilities in the New England
Region of the United States. GeoHealth, 3(4), 104-120.
https://doi.org/10.1029/2018gh000179

Spiteri, G., Fielding, J., Diercke, M., Campese, C., Enouf, V., Gaymard, A., Bella, A.,
Sognamiglio, P., Sierra Moros, M. J., Riutort, A. N., Demina, Y. V., Mahieu, R., Broas,
M., Bengnér, M., Buda, S., Schilling, J., Filleul, L., Lepoutre, A., Saura, C., . . . Ciancio,
B. C. (2020). First cases of coronavirus disease 2019 (COVID-19) in the WHO European
Region, 24 January to 21 February 2020. Euro Surveill, 25(9).

https://doi.org/10.2807/1560-7917.Es.2020.25.9.2000178

Stadler, K., Masignani, V., Eickmann, M., Becker, S., Abrignani, S., Klenk, H. D., & Rappuoli,
R. (2003). SARS--beginning to understand a new virus. Nat Rev Microbiol, 1(3), 209-

218. https://doi.org/10.1038/nrmicro775

101


https://www.southernnevadahealthdistrict.org/news-release/first-shipment-of-covid-19-vaccine-received-by-the-southern-nevada-health-district/
https://www.southernnevadahealthdistrict.org/news-release/first-shipment-of-covid-19-vaccine-received-by-the-southern-nevada-health-district/
https://doi.org/10.2807/1560-7917.Es.2020.25.9.2000178

Stokes, A. C., Lundberg, D. J., Elo, I. T., Hempstead, K., Bor, J., & Preston, S. H. (2021).
COVID-19 and excess mortality in the United States: A county-level analysis. PL0S

Med, 18(5), e1003571. https://doi.org/10.1371/journal.pmed.1003571

Stokes, E. K., Zambrano, L. D., Anderson, K. N., Marder, E. P., Raz, K. M., El Burai Felix, S., Tie, Y., &
Fullerton, K. E. (2020). Coronavirus Disease 2019 Case Surveillance - United States, January 22-
May 30, 2020. MMWR Morb Mortal Wkly Rep, 69(24), 759-765.

https://doi.org/10.15585/mmwr.mm6924e2

Sung, B. (2021). A spatial analysis of the association between social vulnerability and the cumulative
number of confirmed deaths from COVID-19 in United States counties through November 14,
2020. Osong Public Health Res Perspect, 12(3), 149-157.

https://doi.org/10.24171/j.phrp.2020.0372

Tan, A. X., Hinman, J. A., Abdel Magid, H. S., Nelson, L. M., & Odden, M. C. (2021). Association
Between Income Inequality and County-Level COVID-19 Cases and Deaths in the US. JAMA
Network Open, 4(5), 218799-e218799. https://doi.org/10.1001/jamanetworkopen.2021.8799

Tartof, S. Y., Slezak, J. M., Fischer, H., Hong, V., Ackerson, B. K., Ranasinghe, O. N., Frankland, T. B.,
Ogun, O. A., Zamparo, J. M., Gray, S., Valluri, S. R., Pan, K., Angulo, F. J., Jodar, L., &
McLaughlin, J. M. (2021). Effectiveness of mMRNA BNT162b2 COVID-19 vaccine up to 6
months in a large integrated health system in the USA: a retrospective cohort study. Lancet
(London, England), 398(10309), 1407-1416. https://doi.org/10.1016/S0140-6736(21)02183-8

Thakore, N., Khazanchi, R., Orav, E. J., & Ganguli, I. (2021). Association of Social Vulnerability,
COVID-19 vaccine site density, and vaccination rates in the United States [Article]. Healthcare,

9(4), Article 100583. https://doi.org/10.1016/j.hjdsi.2021.100583

Tipirneni, R., Schmidt, H., Lantz, P. M., & Karmakar, M. (2022). Associations of 4 Geographic Social
Vulnerability Indices With US COVID-19 Incidence and Mortality. American Journal of Public

Health, 112(11), 1584-1588. https://doi.org/10.2105/AJPH.2022.307018

102


https://doi.org/10.1371/journal.pmed.1003571
https://doi.org/10.15585/mmwr.mm6924e2
https://doi.org/10.24171/j.phrp.2020.0372
https://doi.org/10.1016/j.hjdsi.2021.100583

Tortolero, G. A., Otto, M. O., Ramphul, R., Yamal, J. M., Rector, A., Brown, M., Peskin, M. F., Mofleh,
D., & Boerwinkle, E. (2021). Examining Social Vulnerability and the Association With COVID-
19 Incidence in Harris County, Texas. Front Public Health, 9, 798085.
https://doi.org/10.3389/fpubh.2021.798085

Tran, T., Rousseau, M. A, Farris, D. P., Bauer, C., Nelson, K. C., & Doan, H. Q. (2023). The social
vulnerability index as a risk stratification tool for health disparity research in cancer patients: a
scoping review. Cancer Causes & Control, 34(5), 407-420. https://doi.org/10.1007/s10552-023-
01683-1

Tromberg, B. J., Schwetz, T. A., Pérez-Stable, E. J., Hodes, R. J., Woychik, R. P., Bright, R. A.,
Fleurence, R. L., & Collins, F. S. (2020). Rapid Scaling Up of Covid-19 Diagnostic
Testing in the United States - The NIH RADX Initiative. N Engl J Med, 383(11), 1071-

1077. https://doi.org/10.1056/NEJMsr2022263

Troppy, S., Wilt, G. E., Whiteman, A., Hallisey, E., Crockett, M., Sharpe, J. D., Haney, G.,
Cranston, K., & Klevens, R. M. (2021). Geographic Associations Between Social Factors
and SARS-CoV-2 Testing Early in the COVID-19 Pandemic, February—June 2020,
Massachusetts. Public Health Reports, 136(6), 765-773.
https://doi.org/10.1177/00333549211036750

Unwin, H. J. T., Mishra, S., Bradley, V. C., Gandy, A., Mellan, T. A., Coupland, H., Ish-
Horowicz, J., Vollmer, M. A. C., Whittaker, C., Filippi, S. L., Xi, X., Monod, M.,
Ratmann, O., Hutchinson, M., Valka, F., Zhu, H., Hawryluk, 1., Milton, P., Ainslie, K. E.
C.,...Flaxman, S. (2020). State-level tracking of COVID-19 in the United States. Nat

Commun, 11(1), 6189. https://doi.org/10.1038/s41467-020-19652-6

USA Facts. (2022). US Coronavirus vaccine tracker.

https://usafacts.org/visualizations/covid-vaccine-tracker-states/

103


https://doi.org/10.1056/NEJMsr2022263
https://doi.org/10.1038/s41467-020-19652-6

Usher, A. D. (2022). FIND documents dramatic reduction in COVID-19 testing. Lancet Infect
Dis, 22(7), 949. https://doi.org/10.1016/s1473-3099(22)00376-0

Vannabouathong, C., Deviji, T., Ekhtiari, S., Chang, Y., Phillips, S. A., Zhu, M., Chagla, Z.,
Main, C., & Bhandari, M. (2020). Novel Coronavirus COVID-19: Current Evidence and
Evolving Strategies. J Bone Joint Surg Am, 102(9), 734-744.

https://doi.org/10.2106/jbjs.20.00396

van Ingen, T., Brown, K. A., Buchan, S. A., Akingbola, S., Daneman, N., Warren, C. M., &
Smith, B. T. (2022). Neighbourhood-level socio-demographic characteristics and risk of
COVID-19 incidence and mortality in Ontario, Canada: A population-based study. PL0oS
One, 17(10), e0276507. https://doi.org/10.1371/journal.pone.0276507

von Wachter, T. (2020). Lost Generations: Long-Term Effects of the COVID-19 Crisis on Job
Losers and Labour Market Entrants, and Options for Policy. Fisc Stud, 41(3), 549-590.

https://doi.org/10.1111/1475-5890.12247

Walters, G. D. (2019). Why are mediation effects so small? International Journal of Social
Research Methodology, 22(2), 219-232. https://doi.org/10.1080/13645579.2018.1517232

Wang, M. Y., Zhao, R., Gao, L. J., Gao, X. F., Wang, D. P., & Cao, J. M. (2020). SARS-CoV-2:
Structure, Biology, and Structure-Based Therapeutics Development. Frontier in Cellular

and Infection Microbiology, 10, 587269. https://doi.org/10.3389/fcimb.2020.587269

Wang, C., Li, Z., Clay Mathews, M., Praharaj, S., Karna, B., & Solis, P. (2022). The spatial
association of social vulnerability with COVID-19 prevalence in the contiguous United
States. International Journal of Environmental Health Research, 32(5), 1147-1154.

https://doi.org/10.1080/09603123.2020.1847258

104


https://doi.org/10.2106/jbjs.20.00396
https://doi.org/10.1111/1475-5890.12247
https://doi.org/10.3389/fcimb.2020.587269
https://doi.org/10.1080/09603123.2020.1847258

Ward, S., Lindsley, A., Courter, J., & Assa‘ad, A. (2020). Clinical testing for COVID-19. J

Allergy Clin Immunol, 146(1), 23-34. https://doi.org/10.1016/j.jaci.2020.05.012

White, E. M., Travers, J. L., Gouskova, N., Oh, G., Syme, M., Yang, X., Montoya, A., Feifer, R.
A., Grabowski, D. C., Mor, V., & Berry, S. D. (2023). Differences In Nursing Home
Staff COVID-19 Testing Rates And Odds Of Vaccination Across Work Shifts. Health
Aff (Millwood), 42(2), 217-226. https://doi.org/10.1377/hlthaff.2022.01011

Wiley, Z., Kubes, J. N., Cobb, J., Jacob, J. T., Franks, N., Plantinga, L., & Lea, J. (2022). Age,

Comorbid Conditions, and Racial Disparities in COVID-19 Outcomes. Journal of Racial

and Ethnic Health Disparities, 9(1), 117-123. https://doi.org/10.1007/s40615-020-00934-
0

Williams, A. M., Clayton, H. B., & Singleton, J. A. (2022). Racial and Ethnic Disparities in
COVID-19 Vaccination Coverage: The Contribution of Socioeconomic and Demographic
Factors. American Journal of Preventive Medicine, 62(4), 473-482.

https://doi.org/https://doi.org/10.1016/j.amepre.2021.10.008

Wolkin, A., Collier, S., House, J. S., Reif, D., Motsinger-Reif, A., Duca, L., & Sharpe, J. D.
(2022). Comparison of National Vulnerability Indices Used by the Centers for Disease
Control and Prevention for the COVID-19 Response. Public Health Reports, 137(4), 803-
812. https://doi.org/10.1177/00333549221090262

Wong, C. A., Dowler, S., Moore, A. F., Sosne, E. F., Young, H., Tenenbaum, J. D., Burns, C. E.,
Jones, S., Smelyanskaya, M., & Kinsley, K. H. (2021). COVID-19 Vaccine
Administration, by Race and Ethnicity - North Carolina, December 14, 2020-April 6,
2021. MMWR Morb Mortal WKly Rep, 70(28), 991-996.

https://doi.org/10.15585/mmwr.mm7028a2

105


https://doi.org/10.1016/j.jaci.2020.05.012
https://doi.org/10.1007/s40615-020-00934-0
https://doi.org/10.1007/s40615-020-00934-0
https://doi.org/https:/doi.org/10.1016/j.amepre.2021.10.008

Wong-Padoongpatt, G., Barrita, A., King, A., & Strong, M. (2022). The slow violence of racism
on Asian Americans during the COVID-19 pandemic. Front Public Health, 10, 958999.

https://doi.org/10.3389/fpubh.2022.958999

Wong, M. S., Upchurch, D. M., Steers, W. N., Haderlein, T. P., Yuan, A. T., & Washington, D.
L. (2022). The Role of Community-Level Factors on Disparities in COVID-19 Infection
Among American Indian/Alaska Native Veterans. Journal of Racial and Ethnic Health

Disparities, 9(5), 1861-1872. https://doi.org/10.1007/s40615-021-01123-3

Wong, M. S., Brown, A. F., & Washington, D. L. (2023). Inclusion of Race and Ethnicity With
Neighborhood Socioeconomic Deprivation When Assessing COVID-19 Hospitalization
Risk Among California Veterans Health Administration Users. JAMA Netw Open, 6(3),
e231471. https://doi.org/10.1001/jamanetworkopen.2023.1471

Wu, Y. C., Chen, C. S., & Chan, Y. J. (2020). The outbreak of COVID-19: An overview. J Chin

Med Assoc, 83(3), 217-220. https://doi.org/10.1097/JCMA.0000000000000270

Xia, C., Hu, Y., Chi, G., & Chen, J. (2023). Assessing dynamics of human vulnerability at
community level — Using mobility data. International Journal of Disaster Risk Reduction,

96, 103964. https://doi.org/https://doi.org/10.1016/j.ijdrr.2023.103964

Xu, Z., & Jiang, B. (2022). Effects of Social Vulnerability and Spatial Accessibility on COVID-
19 Vaccination Coverage: A Census-Tract Level Study in Milwaukee County, USA.
International Journal of Environmental Research and Public Health, 19(19).

Yamana, T. K., Galanti, M., Pei, S., Di Fusco, M., Angulo, F. J., Moran, M. M., Khan, F.,
Swerdlow, D. L., & Shaman, J. (2023). The impact of COVID-19 vaccination in the US:
Averted burden of SARS-COV-2-related cases, hospitalizations and deaths. PloS one,

18(4), e0275699. https://doi.org/10.1371/journal.pone.0275699

106


https://doi.org/10.3389/fpubh.2022.958999
https://doi.org/10.1007/s40615-021-01123-3
https://doi.org/10.1097/JCMA.0000000000000270
https://doi.org/https:/doi.org/10.1016/j.ijdrr.2023.103964
https://doi.org/10.1371/journal.pone.0275699

Yang, Y., Cuffee, Y. L., Aumiller, B. B., Schmitz, K., Almeida, D. M., & Chinchilli, V. M.
(2022). Serial Mediation Roles of Perceived Stress and Depressive Symptoms in the
Association Between Sleep Quality and Life Satisfaction Among Middle-Aged American
Adults [Original Research]. Frontiers in Psychology, 13.
https://www.frontiersin.org/journals/psychology/articles/10.3389/fpsyg.2022.822564

Yasmin, F., Najeeb, H., Moeed, A., Naeem, U., Asghar, M. S., Chughtai, N. U., Yousaf, Z.,
Seboka, B. T., Ullah, I, Lin, C. Y., & Pakpour, A. H. (2021). COVID-19 Vaccine
Hesitancy in the United States: A Systematic Review. Front Public Health, 9, 770985.

https://doi.org/10.3389/fpubh.2021.770985

Yee, C. W., Cunningham, S. D., & Ickovics, J. R. (2019). Application of the Social Vulnerability
Index for Identifying Teen Pregnancy Intervention Need in the United States. Maternal
and Child Health Journal, 23(11), 1516-1524. https://doi.org/10.1007/s10995-019-02792-
5

Yoshikawa, Y., & Kawachi, I. (2021). Association of Socioeconomic Characteristics With
Disparities in COVID-19 Outcomes in Japan. JAMA Network Open, 4(7), e2117060-

£2117060. https://doi.org/10.1001/jamanetworkopen.2021.17060

Zegarra Zamalloa, C. O., Contreras, P. J., Orellana, L. R., Riega Lopez, P. A., Prasad, S., &
Cuba Fuentes, M. S. (2022). Social vulnerability during the COVID-19 pandemic in
Peru. PLOS Global Public Health, 2(12), e0001330.
https://doi.org/10.1371/journal.pgph.0001330

Zhang, G., Li, B., Yoo, D., Qin, T., Zhang, X., Jia, Y., & Cui, S. (2021). Animal coronaviruses
and SARS-CoV-2. Transboundary and Emerging Diseases, 68(3), 1097-1110.

https://doi.org/https://doi.org/10.1111/tbed.13791

107


https://doi.org/10.3389/fpubh.2021.770985
https://doi.org/10.1001/jamanetworkopen.2021.17060

Zhang, J. J., Dong, X., Liu, G. H., & Gao, Y. D. (2023). Risk and Protective Factors for COVID-
19 Morbidity, Severity, and Mortality. Clin Rev Allergy Immunol, 64(1), 90-107.

https://doi.org/10.1007/s12016-022-08921-5

Zhang, J., Xiao, T., Cai, Y., & Chen, B. (2021). Structure of SARS-CoV-2 spike protein. Curr

Opin Virol, 50, 173-182. https://doi.org/10.1016/j.coviro.2021.08.010

Zhang, Y., Yu, B., Chen, X, Rich, S., Mo, Q., & Yan, H. (2021). Dynamics of the coronavirus
disease 2019 (COVID-19) epidemic in Wuhan City, Hubei Province and China: a second
derivative analysis of the cumulative daily diagnosed cases during the first 85 days. Glob
Health J, 5(1), 4-11. https://doi.org/10.1016/j.glohj.2021.02.001

Zhang, Z., Fu, D., Liu, F., Wang, J., Xiao, K., & Wolshon, B. (2023). COVID-19, traffic
demand, and activity restriction in China: A national assessment. Travel Behav Soc, 31,

10-23. https://doi.org/10.1016/j.ths.2022.11.001

Zhao, H., Xiong, J., Zhang, Z., & Qi, C. (2021). Growth Mindset and College Students’ Learning
Engagement During the COVID-19 Pandemic: A Serial Mediation Model [Original
Research]. Frontiers in Psychology, 12.
https://www.frontiersin.org/journals/psychology/articles/10.3389/fpsyg.2021.621094

Zhao, Y., & Liu, Q. (2022). Analysis of distribution characteristics of COVID-19 in America
based on space-time scan statistic. Front Public Health, 10, 897784.

https://doi.org/10.3389/fpubh.2022.897784

Zhou, Y., Jiang, H., Wang, Q., Yang, M., Chen, Y., & Jiang, Q. (2021). Use of contact tracing,
isolation, and mass testing to control transmission of covid-19 in China. BMJ, 375,

n2330. https://doi.org/10.1136/bmj.n2330

108


https://doi.org/10.1007/s12016-022-08921-5
https://doi.org/10.1016/j.coviro.2021.08.010
https://doi.org/10.1016/j.tbs.2022.11.001
https://doi.org/10.3389/fpubh.2022.897784

Zhu, H., Wei, L., & Niu, P. (2020). The novel coronavirus outbreak in Wuhan, China. Glob

Health Res Policy, 5, 6. https://doi.org/10.1186/s41256-020-00135-

109


https://doi.org/10.1186/s41256-020-00135-

Curriculum Vitae

Andrea Lopez | Andrea.LopezLV@outlook.com

EDUCATION

Master of Public Health (Epidemiology and Biostatistics) Expected May 2024
University of Nevada, Las Vegas

Advisory Committee Chair: Dr. Lung-Chang Chien

Committee Co-Chair: Dr. Lung-Wen Antony Chen

Committee Member: Dr. Courtney Coughenour

Committee Member: Dr. Erika Marquez

Graduate Representative: Dr. Szu-Ping Lee

Bachelor of Science in Biological Sciences August 2017 -  August 2021
University of Nevada, Las Vegas

WORK EXPERIENCE

Project Coordinator Jan 2024 — Present
University of Nevada, Reno Extension Center

- Responsible for coordinating projects for Southern Nevada Farmer’s Market
Research Assistant Sept 2024 — Present
University of Nevada, Reno Extension Center

- Literature review, data entry, statistical analyses (SAS, SPSS, and R)
Research Assistant August 2022 — June 2023
University of Nevada, Reno Extension Center

- Drafts regarding health disparities in substance use, data management (Qualtrics, SAS)
Registered Behavior Technician August 2021 — August 2022
Center for Autism & Behavior Analysis, LLC

- Implements behavioral health plan for individuals with autism and collect data

110



	Lopez, Andrea.pdf
	Thesis Approval
	The Graduate College
	The University of Nevada, Las Vegas
	May 29, 2024
	This thesis prepared by
	Andrea Lopez
	entitled
	Unraveling the Relationship between Social Vulnerability Index and COVID-19 Prevalence in Southern Nevada
	is approved in partial fulfillment of the requirements for the degree of
	Master of Public Health  Department of Epidemiology and Biostatistics
	Lung-Chang Chien, DrPH,                                                 Alyssa Crittenden, Ph.D.
	Examination Committee Chair                                                   Vice Provost for Graduate Education &
	Dean of the Graduate College
	Courtney Coughenour, Ph.D.                                                   Examination Committee Member
	Erika Marquez, Ph.D.                                                   Examination Committee Member
	Szu-Ping Lee, Ph.D.                                                   Graduate College Faculty Representative

	Lopez, Andrea.pdf
	Thesis Approval
	The Graduate College
	The University of Nevada, Las Vegas
	March 29, 2024
	This thesis prepared by
	Andrea Lopez
	entitled
	Unraveling the Relationship between Social Vulnerability Index and COVID-19 Prevalence in Southern Nevada
	is approved in partial fulfillment of the requirements for the degree of
	Master of Public Health  Department of Epidemiology and Biostatistics
	Lung-Chang Chien, DrPH,                                                 Alyssa Crittenden, Ph.D.
	Examination Committee Chair                                                   Vice Provost for Graduate Education &
	Dean of the Graduate College
	Courtney Coughenour, Ph.D.                                                   Examination Committee Member
	Erika Marquez, Ph.D.                                                   Examination Committee Member
	Szu-Ping Lee, Ph.D.                                                   Graduate College Faculty Representative

	Lopez, Andrea.pdf
	Thesis Approval
	The Graduate College
	The University of Nevada, Las Vegas
	March 29, 2024
	This thesis prepared by
	Andrea Lopez
	entitled
	Unraveling the Relationship between Social Vulnerability Index and COVID-19 Prevalence in Southern Nevada
	is approved in partial fulfillment of the requirements for the degree of
	Master of Public Health  Department of Epidemiology and Biostatistics
	Lung-Chang Chien, DrPH,                                                 Alyssa Crittenden, Ph.D.
	Examination Committee Chair                                                   Vice Provost for Graduate Education &
	Dean of the Graduate College
	Courtney Coughenour, Ph.D.                                                   Examination Committee Member
	Erika Marquez, Ph.D.                                                   Examination Committee Member
	Szu-Ping Lee, Ph.D.                                                   Graduate College Faculty Representative


