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Abstract

Coronavirus disease 2019 (COVID-19) accounts for over 180,000 deaths in the USA. Although COVID-19 affects all racial
ethnicities, non-Hispanic Blacks have the highest mortality rates. Evidence continues to emerge, linking the disproportion of
contagion and mortality from severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2), a result of adverse social
determinants of health. Yet, genetic predisposition may also play a credible role in disease transmission. SARS-CoV-2 enters
cells by interaction between SARS-CoV-2 spike protein and the receptor molecule angiotensin converting enzyme 2 (ACE2)
expressed on the surface of the target cells, such that polymorphisms and the expression level of ACE2 influence infectivity and
consequent pathogenesis of SARS-CoV-2. Genetic polymorphisms in other multiple genes, such as acetylcholinesterase (AChE)
and interleukin-6, are also closely associated with underlying diseases, such as hypertension and type 2 diabetes mellitus, which
substantially raise SARS-CoV-2 mortality. However, it is unknown how these genetic polymorphisms contribute to the disparate
mortality rates, with or without underlying diseases. Of particular interest is the potential that genetic polymorphisms in these
genes may be influencing the disparity of COVID-19 mortality rates in Black communities. Here, we review the evidence that
biological predisposition for high-risk comorbid conditions may be relevant to our ability to fully understand and therefore
address health disparities of COVID-19 deaths in Blacks.
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Introduction

Health disparities in the COVID-19 pandemic are glaringly
apparent, which is due in part to the increased prevalence of
comorbidities affecting minority racial/ethnic groups includ-
ing Blacks, Hispanics, Native Americans, and Asian
Americans [1-5]. To date, greater than 180,000 deaths have
occurred in the USA, having the greatest mortality among
Non-Hispanic Blacks (NHBs) compared with any other racial
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group [6]. In Chicago, NHBs comprise only 30% of the pop-
ulation. Yet, NHBs represent 72% of the deaths related to
COVID-19. Similarly, in Michigan, Milwaukee, Minnesota,
and Louisiana, Blacks are dying at higher rates than Whites
[6]. Such statistics are not surprising given the inequities of
health outcomes confronting NHBs and other minority popu-
lations. As adverse social determinants of health (SDH; e.g.,
socioeconomic status, access to healthcare, physical environ-
ment, social support networks, education) perpetuate the dis-
proportion of deaths caused by COVID-19, so will the known
risk for their complications due to pre-existing comorbid dis-
ease become evident.

SDH and chronic stress certainly alter biological responses
in a manner that increases risk for chronic disease [7, 8].
Increased cortisol levels produced by chronic psychological
stress have been associated with the onset and progression of
chronic inflammatory disease [9]. Underlying conditions in-
dependent of stress also mediate pathophysiologic mecha-
nisms of inflammatory disease. For example, in individuals
with metabolic syndrome, excess body fat called “overfat”
drives chronic IL-6-mediated inflammation in type II diabetes
mellitus and (T2DM) and hypertension (HTN) [10-12]. These
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and other pathways of immune-mediated inflammatory dis-
ease are in contrast to infection-related cytokine storms (refs).
It is also well understood that genetic variants with different
allele frequencies in human populations are a result of a
group’s ancestral history, some of which have direct relevance
to human health and population-specific risk for disease [13].
Together, assuming that such factors are revealed, what re-
mains as a critical gap is a thorough understanding of the
complex interactions between the sociological, psychological,
and biological human domains that alter disease susceptibility.
At the individual level, the intersections between biological
and behavioral domains of influence are considered important
to expand our knowledge of the complexity in defining health
determinants across race. Genomic risk, epigenetic factors,
and race are revealing opportunities for new breakthroughs
to collectively address sources of risk and develop targeted
interventions alongside existing social determinants of health.
Specifically, Fig. 1 illustrates a conceptual model through
which psychological influences (stress, anxiety, depression),
pre-existing/comorbid disease (e.g., HTN, T2DM), and
COVID-19 interconnect on the basis of known and unknown
genetic variations that translate into human health outcomes
and molecular modes of viral pathogenesis. Here, we discuss
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Fig. 1 Conceptualization of multifactorial risk for COVID-19. As with
any complex disease, it is the aggregate result of many risk factors and
exposures which determines one’s susceptibility to and manifestation of
disease. Genetic risk is likely just one piece of the complicated landscape
underlying the observed disparity in Black mortality rates. Here, we
highlight three candidate genes (angiotensin converting enzyme 2,
ACE2; acetylcholinesterase, AChE; interleukin-6, IL-6) based on their
involvement in both environmental responses and comorbid conditions
that are relevant to SARS-CoV-2 pathophysiology. Importantly, it is the
interplay between key environmental exposures (stress; social determi-
nants of health, SDH) and genetic predisposition for aspects of viral
pathogenesis and/or comorbid disease (e.g., type 2 diabetes mellitus,
T2DM; hypertension, HTN) that ultimately converges on COVID-19
manifestation and affects mortality
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the evidence that genetic and biological risk for highly rele-
vant COVID-19 comorbid conditions may be critical to our
ability to understand and therefore address the observed health
disparities in the COVID-19 pandemic affecting US NHBs.

Medical Comorbidities: a Major Role
for the Disproportionate Infectivity
and Mortality Among NHBs with SARS-CoV-2

Throughout the world and in the USA, pre-existing health
risks demonstrate poorer clinical outcomes from SARS-
CoV-2 [14, 15]. In the USA, NHBs have among the highest
comorbidity rates of obesity, cardiovascular, hypertension,
kidney, T2DM, and respiratory -related disease [16—19].
Since the SARS-CoV-2 outbreak in Wuhan, China, studies
are revealing patient risk factors of mortality. In a study of
191 patients from the Wuhan Pulmonary Hospital, it was
shown that 48% of patients had pre-existing chronic disease
including HTN, coronary heart disease, and T2D [20]. In the
USA, epidemiological data from Centers for Disease Control
and Prevention shows that the risk of death from SARS-CoV-
2 is significantly correlated with individuals having underly-
ing chronic diseases/conditions, with particular devastation
and mortality brought against the aged and those with under-
lying cardiovascular disease (CVD), HTN, and T2DM,
among others [20-28]. NHBs have poorer overall cardiovas-
cular health than non-Hispanic Whites, and cardiovascular
disease mortality is higher in NHBs than Whites [29, 30].
Co-risk factors such as HTN, peripheral arterial disease, and
T2DM have been shown to be twice as high in NHBs com-
pared with Whites, even when controlling for risk behaviors
(e.g., tobacco use, alcohol consumption) [31]. Specifically,
HTN prevalence in NHBs has been reported to be as high as
57.6% for males and 53.2% for females, rates that are among
the highest in the world [30, 32]. As a result, and not surpris-
ingly, NHBs are significantly at higher risk for complications
from SART-CoV-2 infection.

In a recent report by Price-Harwood et al., Black COVID-
19 patients in Louisiana’s Ocher Clinic Health System, which
represented 76.9% of the hospitalized, had higher prevalence
of comorbid disease such as obesity, T2DM, HTN, and chron-
ic kidney disease (Price-Haywood EG, Burton J, Fort D,
Seoane L. Hospitalization and Mortality among Black
Patients and White Patients with Covid-19. N Engl J Med.
2020;382(26):2534-2543. doi:https://doi.org/10.1056/
NEJMsa2011686). Similar risks were found among Blacks
in metropolitan Detroit and Georgia in which the majority
had one or more existing comorbidities (Suleyman G, Fadel
RA, Malette KM, et al. Clinical Characteristics and Morbidity
Associated With Coronavirus Disease 2019 in a Series of
Patients in Metropolitan Detroit. JAMA Netw Open. 2020;
3(6):€2012270. Published 2020 Jun 1. doi:https://doi.org/10.
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1001/jamanetworkopen.2020.12270; Gold JAW, Wong KK,
Szablewski CM, et al. Characteristics and Clinical Outcomes
of Adult Patients Hospitalized with COVID-19 - Georgia,
March 2020. MMWR Morb Mortal Wkly Rep. 2020;69(18):
545-550. Published 2020 May 8. doi:https://doi.org/10.
15585/mmwr.mm6918el). These findings underscore the
persistent associations between pre-existing health and clini-
cal outcomes and the importance to understanding why NHBs
are disproportionately at risk and die from COVID-19.

The Biology and Pathogenesis of SARS-CoV-2

Infection of SARS-CoV-2 into cells is initiated by interaction
between SARS-CoV-2 spike (S) protein and the receptor mol-
ecule, angiotensin converting enzyme 2 (ACE2), expressed on
the surface of the alveolar epithelial cells [33—37]. The affinity
of SARS-CoV-2 S protein to ACE2 and the level of ACE2 on
the target cell surface are critical for virus entry and hence
SARS-CoV-2 pathogenicity. In fact, recent cryo-EM structur-
al imaging of the virus S protein showed that affinity of
SARS-CoV-2 to ACE2 is 10 to 20 fold higher than that of
the previous SARS-CoV [34, 38, 39], providing one explana-
tion of how SARS-CoV-2 is more pathogenic than SARS-
CoV. In addition, SARS-CoV-2 S protein contains a furin-
like cleavage site not present in SARS-CoV [40], and the
cellular serine protease transmembrane protease serine 2
(TMPRSS2) processes the SARS-CoV-2 S protein properly
[41-43] to facilitate SARS-CoV-2 entry. These cumulative
structural differences in the S protein of SARS-CoV-2 could
be responsible for the explosiveness of morbidity and mortal-
ity in COVID-19.

We focus on the molecular function of ACE2, which plays
an essential role in regulation of both underlying disease and
SARS-CoV-2 entry. ACE2 is essential for metabolic control
of respiratory, vascular, myocardial, kidney, and pancreatic
functioning among others [44—46]. In metabolic disorders
for example, it is known that there is an upregulation of
ACE2 that interacts with the angiotensin II type 1 receptor
(ATIR) which in doing so has pathologic pro-inflammatory
and pro-fibrotic effects [47, 48]. Robust replication of the
entered SARS-CoV-2 through ACE2 receptors triggers re-
lease of large numbers of cytokines, especially IL-6, causing
acute fatal “cytokine storms”; that is, efficient entry followed
by replication of the virus is essential for SARS-CoV-2
pathobiology.

ACE2 reduces angiotensin 11 (ANGII), the major effector
of the renin-angiotensin-aldosterone system that promotes
HTN, by converting ANGII to Ang-(1-7) which increases
blood pressure. Interaction of the S1 domain of the S protein
of SARS-CoV-2—a cleavage product of S via the host prote-
ase TMPRSS2 at the time of entry—with ACE2 induces in-
ternalization of ACE2 [34, 49, 50], resulting in loss of ACE2

on the surface of the target cells so as to increase the overall
ratio of ANGII/Ang-(1-7). SARS-CoV-2 infection-mediated
reduction of ACE2 thereby increases ANGII and may attri-
bute to exacerbation of pulmonary injury and consequent tis-
sue fibrosis [50]. In addition, the level of ACE2 expression is
lowered in patients with T2DM, probably due to glycosyla-
tion, and thus the conversion of ANGII to Ang-(1-7) is
prohibited, again increasing the AGNII/Ang-(1-7) ratio,
which might explain the increased predisposition to severe
lung injury and acute respiratory distress syndrome (ARDS)
[51, 52]. Taken together, these reports demonstrate that ACE2
is a prominent mediator as well as regulator for SARS-CoV-2
infection and underlying diseases, although molecular mech-
anisms for how SARS-CoV-2 infection exerts such deleteri-
ous clinical impacts on patients with underlying diseases are
unidentified.

COVID-19 Susceptibility: Genetic
Polymorphisms in ACE2 as a Source
of Biological Risk

It is known that SDH and environmental factors drive ob-
served disparate mortalities between patients with and without
underlying diseases; however, to a lesser extent, complemen-
tary biological mechanisms derived from ACE2
polymorphism-mediated elevation of SARS-CoV-2 entry
may contribute to the disease. According to the National
Center for Biotechnology Information (NCBI) records, most
of the ACE2 polymorphisms are single nucleotide polymor-
phisms (SNPs), and only 34 out of 160 ACE gene polymor-
phisms are located in coding regions [53]. Even 18 of the 34
ACE2 coding region polymorphisms are missense mutations,
establishing that most of the polymorphisms are non-
functional [53]. Yet a recent report shows that many human
ACE2 variants, such as SI9P, 121V, and E23K, alter SARS-
CoV-2-host interaction and thereby increase potential host
susceptibility, and other mutants of ACE2, such as K31R,
N33I, and H34R, are predicted to reduce binding activity of
ACE2 to SARS-CoV-2 S protein [54, 55], indicating that
ACE2 polymorphisms are likely to play a vital role in modu-
lation of SARS-CoV-2 susceptibility.

It is also reported that treatment of HTN with ACE inhib-
itors and angiotensin II type 1 receptor blockers upregulates
expression of ACE2 [56] and the expression of ACE2 is sub-
stantially enhanced in patients with T2DM, who are treated
with ACE2 inhibitors and ATR1 receptor blockers [57-59],
intimating that promoter polymorphisms are elemental to reg-
ulation of ACE2 expression. Collectively, these reports indi-
cate that gene and promoter polymorphisms of ACE2 are
integral to regulating SARS-CoV-2 susceptibility and ACE2
levels on the surface of target cells, respectively.
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COVID-19 Pathogenesis: Genetic
Polymorphisms in Acetylcholinesterase
(AChE) and IL-6-Related Psychosocial Stress
and Chronic Inflammatory Disease

Psychosocial stress has been associated as a risk factor of
cardiovascular and other disease conditions [60], including
those related to differences in the impact of stress between
racial/ethnic groups [61]. Given that the origins of an individ-
uals’ stress is multi-factorial (e.g. trauma, interpersonal, envi-
ronmental), it is likely to incite broad and complex physiolog-
ical responses. For example, studies link multiple domains of
psychosocial stress to result in abnormalities in neuro-hor-
monal, central, and autonomic and immune/inflammatory sys-
tems [62, 63]. To date, it is still unclear whether specific
stressors or cumulative stress and CVD risks vary based on
race/ethnicity [61]. Moreover, whether or not such forms of
psychosocial stress may be plausible mechanisms by which
SARS-CoV-2 susceptibility is linked to racial/ethnic dispar-
ities in cardiovascular risk remain unknown.

In addition to the aforementioned implications of ACE2 in
regulating SARS-CoV-2 susceptibility, other integral poly-
morphisms of cellular molecules with respect to SARS-
CoV-2-associated pathogenicity are AChE and IL-6, a crucial
regulator of blood pressure and a culprit in SARS-CoV-2-
associated cytokine storm, respectively. Previous studies dem-
onstrate the influences of stress on increased biomarkers,
blood pressure control, and endothelial dysfunction [64—66].
AChE participates in regulation of HTN by regulating the
availability of acetylcholine (ACh) which is vital in regulating
blood pressure as well as anxiety/stress [67-69], a factor in
significant underlying disease closely associated with SARS-
CoV-2 mortality. SARS-CoV-2 infection causes mild to se-
vere cytokine storm in patients, and IL-6 plays a major role in
cytokine release syndrome (CRS) [70-75]. Since the IL-6
level is upregulated as the severity of COVID-19 increases,
IL-6 is regarded prognostically, as a chief pathobiologic indi-
cator for survival of symptomatic COVID-19 patients [20,
76-78].

MicroRNAs (miRNAs) are a class of non-coding ribonu-
cleic acids (RNAs) that play important roles in regulating gene
expression. Interestingly, the level of AChE, known to be
targeted by microRNA-132 (miR132) [79], is regulated by
miR608, which also modulates expression of IL-6 [80]. That
is, miR608 simultaneously interacts with both targets, and
regulation of these interactions is determined by the genetic
polymorphisms at the 3" untranslated region (3" UTR) of
AChE message and the promoter polymorphisms of IL-6
[80]. Specifically, miR608 suppresses expression of AChE
by interacting with the 3’ UTR of AChE message, which in
turn reduces availability of Ach, lowering blood pressure,
while enhancing anxiety/stress [80]. However, once the
AChE allele has an SNP in the 3’ UTR, the interaction
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between AChE and miR608 is weakened, which potentiates
miR608-mediated suppression of other targets, in this case IL-
6 [80]. In this manner, miR608 may participate in regulation
of both blood pressure and cytokine storm in SARS-CoV-2
infected cells. However, just how miR608 suppresses IL-6,
even if IL-6 also harbors both gene [81, 82] and promoter
polymorphism [83], is poorly understood.

Ancestral Variation in ACE2, AChE, and IL-6
and Previously Reported Clinical Associations

Ancestral variations in ACE2, AChE, and IL-6 have previous-
ly reported clinical associations. Population-specific risk in
Black communities is clearly multifactorial; however, recent
research on the prevalence and risk in the UK indicates that
comorbidity and social determinants of health only tell part of
the story when it comes to accounting for disease risk and
mortality in vulnerable populations [84]. Naturally, biological
risk likely fills the void, at least in some part, and recent
conversations have invoked DNA variation in a variety of
pathways as possible contributors; for example, variants af-
fecting vitamin status, coagulation factors, and immunoglob-
ulin variation (among others) have been proposed (see opinion
pieces by Valerie Palmer and Kevin Davies, accompanying
Wise 2020). Here, we turn our attention to altered regulation
of the immune response, which we have learned through com-
parative studies has a distinct evolutionary history when com-
paring individuals of African to European ancestry [85].
Quach et al. demonstrated that the DNA variants which ex-
hibit the greatest divergence between African and European
ancestry are in genes/regions responsible for regulating the
immune system’s response specifically to viral insults.
Therefore, we posit that genetic variation in stress and/or im-
mune response confers risk by altering viral susceptibility and/
or viral pathophysiology. Of particular importance as it relates
to minority population health is the fact that regulation of gene
expression is a process under strong epigenetic control and,
therefore, is likely to change in response to environmental and
psychosocial exposures. The combined effects of genetic var-
iants in the promoters and non-coding regions of this gene set
are of interest because they [86] (1) have differential allele
frequencies based on ancestral populations; (2) have been pre-
viously associated with risk for HTN, T2DM, and cardiovas-
cular susceptibilities; and (3) are relevant to COVID-19 path-
ophysiology (see Supplementary Table 1).

ACE2 SNPs previously implicated in HTN largely based
on studies of European and Chinese populations are known to
have elevated allele frequencies in African ancestral popula-
tions. Although at this time, the significance of these varia-
tions in ACE2 with respect to HTN are controversial [87-92],
it is intriguing to note that the variants in ACE2 with the
highest discrepancy in allele frequency between African and
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European ancestry are also the variants uncovered in multiple
studies of relevant COVID-19 comorbidity risks (see
Supplementary Table 1). Similarly, the key SNP in the 3’
UTR region of the AChE gene, 117228616, which modulates
miRNA targeting and off-target effects as a result, is far more
common in populations of African ancestry when compared
with European. Given the effect of this SNP on IL-6 produc-
tion, it follows that this genetic variant may alter the progres-
sion and severity of SARS-CoV-2 response and, likewise, that
variants in IL-6 may also impact miRNA alterations to gene
expression. Indeed, many studies of IL-6 haplotype effects
have reported significant associations with cardiovascular
function as well as metabolic disease (i.e., T2DM). While
there is conflicting data regarding the effects of variants in
all three of the candidate genes discussed here, the remarkable
relevance of associated phenotypes to COVID-19 pathophys-
iology together implies that genetic polymorphisms which
regulate immune and stress responses may interact to affect
underlying disease risk and, simultancously, SARS-CoV-2
pathogenicity.

Concluding Remarks

Persistent, low-level inflammation is a prevailing hallmark of
most if not all chronic disease and considered responsible for
health outcomes [93-95]. Juxtaposed with the robust
cytokine-mediated disease etiology and underlying

biopsychosocial factors demarcates the setting of a “perfect
storm.” The accumulated works presented here merge the
multi-faceted influences of comorbid risk, the emerging bio-
molecular etiology of CoV-2 pathogenesis, and the underlying
preferences in heritable genetic predisposition, as a collective
explanation of the observed disparities of COVID-19 deaths
in NHBs.

Clearly, there are many complicated interactions between
biological and environmental sources of risk for severe
COVID-19 outcomes; large-scale research of vulnerable hu-
man populations is warranted to enable the identification and
quantification of the key drivers for COVID-19 mortality.
Studies of this nature may allow for the development of
models which predict risk at the individual level (Fig. 2),
where the nature of exposures (e.g., SDH, psychosocial stress)
can be weighted alongside the effects of specific genetic risk
loci (e.g., where A, B, and C may be variants in genes such as
ACE2, AChE, and IL-6) in order to determine the likelihood
and/or degree of adverse COVID-19 pathology upon expo-
sure. While this theoretical “threshold” model of disease risk
is a vast oversimplification, rapid advances in computational
biology, facilitated by artificial intelligence, may enable re-
searchers to capture nuanced interactions not shown in Fig.
2 in order to greatly enhance predictive power.

To conclude, ongoing research in the field of health dispar-
ities provides evidence that the persistent disproportion of
disease for NHBs and other ethnic/racial minorities and un-
derserved groups will not be eliminated without concerted
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efforts to address social determinants. It is also true that a
conscientious view into biologically derived risk and its inter-
connections within the psychosocial and environmental
realms is required to realize the full potential of the knowledge
gained to stimulate progress in therapeutics for decreasing
health disparities in NHBs and conquering this pandemic as
well as improve health outcomes.
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