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Abstract

Background

Social and ecological differences in early SARS-CoV-2 pandemic screening and outcomes

have been documented, but the means by which these differences have arisen are not well

understood.

Objective

To characterize socioeconomic and chronic disease-related mechanisms underlying these

differences.

Design

Observational cohort study.

Setting

Outpatient and emergency care.

Patients

12900 Cleveland Clinic Health System patients referred for SARS-CoV-2 testing between

March 17 and April 15, 2020.

Interventions

Nasopharyngeal PCR test for SARS-CoV-2 infection.

Measurements

Test location (emergency department, ED, vs. outpatient care), COVID-19 symptoms, test

positivity and hospitalization among positive cases.
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Results

We identified six classes of symptoms, ranging in test positivity from 3.4% to 23%. Non-His-

panic Black race/ethnicity was disproportionately represented in the group with highest posi-

tivity rates. Non-Hispanic Black patients ranged from 1.81 [95% confidence interval: 0.91–

3.59] times (at age 20) to 2.37 [1.54–3.65] times (at age 80) more likely to test positive for

the SARS-CoV-2 virus than non-Hispanic White patients, while test positivity was not signifi-

cantly different across the neighborhood income spectrum. Testing in the emergency

department (OR: 5.4 [3.9, 7.5]) and cardiovascular disease (OR: 2.5 [1.7, 3.8]) were related

to increased risk of hospitalization among the 1247 patients who tested positive.

Limitations

Constraints on availability of test kits forced providers to selectively test for SARS-Cov-2.

Conclusion

Non-Hispanic Black patients and patients from low-income neighborhoods tended toward

more severe and prolonged symptom profiles and increased comorbidity burden. These fac-

tors were associated with higher rates of testing in the ED. Non-Hispanic Black patients also

had higher test positivity rates.

Introduction

Differences in SARS-CoV-2 infection rates, COVID-19 hospitalizations, and COVID-19

deaths relating to race, ethnicity and geography have been documented worldwide [1–11].

These alarming disparities were noted early in the pandemic in the UK and USA [12,13]. How-

ever, the underlying relationships that may operate to produce these differences are less

understood.

In the USA specifically, Black or African American persons are substantially more likely to

contract, be hospitalized, and die of COVID-19 than their White counterparts [3]. Geographi-

cally, COVID-19 has disproportionately impacted regions with more racial and ethnic minor-

ity representation [3,5,6,10,11,14]. Racial differences in risk of death from COVID-19 are

likely complex and multifactorial [15–20]. These differences do not appear to be fully

accounted for by variations in area-based socioeconomic position [6], or medical comorbidi-

ties [2,4].

The goal of this study was to further understand the social and biological processes that

underlie these ecological differences. Specifically, we identified and analyzed potential mecha-

nisms of social and geographic differences in early (March-April 2020) SARS-CoV-2 testing

access, test positivity, and COVID-19 hospitalization rates, among a regional cohort of North-

east Ohio residents who underwent SARS-CoV-2 screening.

Methods

Development of hypothesized causal mechanisms

We conducted a series of 13 weekly videoconferences to construct hypothesized mechanisms

linking race/ethnicity and neighborhood income to i) presentation to the emergency depart-

ment (ED) as opposed to an outpatient testing location for SARS-CoV-2 screening, ii)
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SARS-CoV-2 test positivity, and iii) COVID-19 hospitalization among those who screened

positive for the SARS-Cov-2 virus. We identified several intersecting hypotheses supported by

prior literature, and assembled these into a directed acyclic graph (see Fig 1). We detail below

the rationale for each of these hypotheses.

We hypothesized that racial, ethnic, and income-related differences in obesity rates [21],

asthma [22], chronic obstructive pulmonary disease (COPD) [23–25], type 2 diabetes mellitus

(T2DM) [26–29], and other comorbid conditions [30] may result in differences in the extent

and severity of COVID-19-related symptom patterns. The Cleveland Clinic Health System

(CCHS) collects information on whether or not patients referred for testing have the following

symptoms: cough, fever, flu-like symptoms, shortness of breath, diarrhea, loss of appetite, and

vomiting. Rather than model individual symptoms, we sought to characterize patterns of co-

occurring symptoms. We conducted a sub-analysis which sought to i) identify groups (classes)

of patients with similar symptom profiles; ii) characterize the distribution of these symptom

classes as a function of sociodemographic and comorbid characteristics (see “Symptom Class”

in Fig 1), and iii) relate the derived symptom classes to the likelihood of testing occurring in

the ED, likelihood of test positivity, and likelihood of hospitalization. Details on the derivation

of these symptom classes are provided below, under Statistical Methods.

Smoking is disproportionately prevalent in disadvantaged communities [31,32], and the

prevalence of smoking decreases in older populations. [33] Smoking by itself is associated with

COVID-19 disease progression [34], and is a primary risk factor for COPD [35]. It thus repre-

sents a potential mechanism to which any observed variation in symptom patterns across the

socioeconomic spectrum might be attributable.

Lack of vehicle ownership, whether due to urbanized living environments, neighborhood

disadvantage or racial/ethnic disparities in employment, presents a significant barrier to timely

outpatient testing utilization. Health care utilization, in general, is reduced among disadvan-

taged populations due to lack of financial resources, distrust, lack of time due to other respon-

sibilities, lack of transportation, and other factors [36–39]. Therefore, neighborhood-level

median income and vehicle ownership rates (defined as the percentage of households within a

census tract owning at least one vehicle) may be related to the likelihood that a patient presents

to the ED (vs. all other settings) for screening; as well as the nature, duration and severity of

symptoms at the time of testing.

Fig 1. Hypothesized mechanistic model for racial, ethnic and socioeconomic mechanisms of COVID-19 testing

location, test positivity and hospitalization.

https://doi.org/10.1371/journal.pone.0255343.g001
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Data sources and inclusion criteria

The Cleveland Clinic COVID-19 registry, approved by the Cleveland Clinic Institutional

Review Board, was designed to serve as a large case series study of the clinical characteristics

and outcomes of all CCHS patients who are referred for COVID-19 testing. This study popula-

tion is identified daily through built-in electronic health record (EHR) queries and linked to

patients’ demographic, clinical and residential characteristics through the EHR. We included

every adult patient who resided in one of 17 Northeast Ohio Counties and who was referred

for testing from the registry’s inception on March 17, 2020 through April 15, 2020. We

excluded patients who did not receive a test or whose test results were deemed erroneous. We

also excluded patients whose symptoms were not documented. Addresses of residence for

patients in the registry were mapped to U.S. Census’ Geographic Identifiers (GEOIDs). We

extracted from the 2018 American Community Survey neighborhood-level characteristics

(such as median income and percent of households owning one or more vehicles) correspond-

ing to census tracts embedded within these GEOIDS using the R packages sociome and tidy-

census [40,41].

Statistical methods

We developed regression models for each variable depicted in Fig 1. For each given variable in

the network, we included all pre-specified parent nodes as predictors. Continuous and dichot-

omous variables were modeled using multivariable linear regression and multivariable logistic

regression, respectively. Duration of symptoms was modeled using proportional odds logistic

regression, with the following ordered levels: asymptomatic, or symptoms of 0–2 days, 3–7

days, 1–2 weeks, and>2 weeks duration. Neighborhood vehicle access, defined for each

patient as the proportion of households in their census tract with 1 or more vehicle, was mod-

eled using quasibinomial regression [42], a technique for modeling proportions that are not

necessarily expressed as counts of events out of a total number of trials. Multinomial logistic

regression was used to model smoking status (non-smoker, current smoker, former smoker,

unknown smoking status).

Latent class analysis [43,44]—a method for empirically deriving homogenous groups of

patients with respect to a set of binary indicators—was used to derive symptom classes. We

estimated, using Mplus software version 8.4 [45], and compared solutions of up to 10 classes.

We chose the solution for the number of classes that optimized model goodness of fit criteria

(e.g., Bayesian Information Criteria [BIC]; entropy; and sequential likelihood ratio tests

[LRTs]). Resulting classes were ordered with respect to increasing incidence of test positivity.

Class membership was summarized across age, neighborhood income, race/ethnicity, sex,

comorbidity status (set of clinical diagnoses and treatments depicted in Fig 1) and duration of

symptoms.

We used quadratic polynomial terms for age and neighborhood income. For models

including age, race/ethnicity and neighborhood income as predictor variables, we considered

two- and three-way interactions among these variables. Interactions were removed from those

models in an iterative manner, beginning with the 3-way interaction, when they did not mean-

ingfully improve model goodness-of-fit criteria (e.g., residual deviance); we chose this

approach instead of one strictly driven by statistical significance criteria because our sample

size enabled detection of relatively minor interaction effects.

We used the RStudio Integrated Development Environment [46], running R version 3.5.0

(2018-04-23) [47] for all analyses, unless otherwise noted above. A reproducible analysis work-

flow, including code, analytic datasets and automated statistical reporting were developed

using the projects and RMarkdown R packages [48,49].
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Results

A total of 20392 patients were accrued into the Cleveland Clinic COVID-19 registry over the

study period, of whom 14887 were documented as residing in Northeast Ohio. Of these, we

removed 36 patients for whom a test was ordered but not performed, 66 additional patients for

whom nasopharyngeal test results were deemed erroneous and 1885 additional patients whose

symptom data were not recorded (total of 13.3% removed).

Within the patients who met study inclusion criteria, age distributions were comparable

between non-Hispanic Black and non-Hispanic White populations (median [first quartile,

third quartile] of 52 [37, 65] and 51 [36, 65] years, respectively). Hispanic patients and patients

of other racial or ethnic backgrounds tended to be younger (43 [31, 57] and 42 [31, 57] years,

respectively)). Sociodemographic and comorbid disease characteristics are summarized across

levels of neighborhood median income in Table 1: Patients from lower-income communities

were disproportionately non-Hispanic Black and/or Hispanic (see S1 File for distributions of

neighborhood median income by race) and had disproportionately higher prevalence of

T2DM, obesity, smoking, asthma, cardiovascular disease (CVD) and COPD. Vehicle owner-

ship rates in patients’ neighborhoods of residence were not related to the likelihood of testing

in the ED after accounting for neighborhood income and other factors. Curves of the preva-

lence of comorbid conditions, as well as proportions of households with neighborhood vehicle

access, as a function of age are presented by race/ethnicity in Fig 2 and by levels of neighbor-

hood median income in Fig 3. Increasing age was generally related to increased prevalence of

CVD, COPD, T2DM and immune disease (see S1 File). Non-Hispanic Black and Hispanic

patients exhibited a higher prevalence of CVD and T2DM, as well as increased obesity (based

on body mass index recorded in the electronic health record) prevalence in mid-life. Generally,

income gradients in these characteristics were more prominent than gradients corresponding

Table 1. Sociodemographic and clinical characteristics of patients who met study inclusion criteria, by levels of 2018 neighborhood median income corresponding

to census tracts of residence in Northeastern Ohio.

Neighborhood Median Income (USD, thousands) p-value2

�$25k N = 3891 $25-40k N = 31041 $50-80k N = 47681 $80-120k N = 34851 >$120k N = 11541

Age (years) 54 (37, 65) 50 (35, 63) 50 (35, 64) 51 (36, 66) 51 (37, 65) <0.001

Female Sex 230 (59%) 1924 (62%) 2966 (62%) 2131 (61%) 693 (60%) 0.5

Race/Ethnicity <0.001

Non-Hispanic White 80 (21%) 1274 (41%) 3505 (74%) 2897 (83%) 926 (80%)

Non-Hispanic Black 267 (69%) 1432 (46%) 783 (16%) 228 (6.5%) 60 (5.2%)

Hispanic 17 (4.4%) 165 (5.3%) 79 (1.7%) 27 (0.8%) 6 (0.5%)

Other 25 (6.4%) 233 (7.5%) 401 (8.4%) 333 (9.6%) 162 (14%)

Autoimmune Disease 136 (37%) 927 (32%) 1447 (32%) 1061 (32%) 359 (33%) 0.4

Diabetes Mellitus 115 (32%) 873 (30%) 1094 (24%) 667 (21%) 190 (18%) <0.001

Obesity 158 (41%) 1144 (37%) 1414 (30%) 818 (23%) 179 (16%) <0.001

Current or Former Smoker 227 (58%) 1779 (57%) 2250 (47%) 1402 (40%) 372 (32%) <0.001

Asthma 129 (35%) 951 (33%) 1186 (27%) 763 (23%) 221 (21%) <0.001

Cardiovascular Disease 242 (65%) 1672 (56%) 2197 (48%) 1545 (47%) 423 (39%) <0.001

Chronic Obstructive Pulmonary Disease 70 (19%) 485 (17%) 508 (12%) 265 (8.3%) 63 (6.0%) <0.001

Neighborhood Vehicle Access (% households) 0.63 (0.49, 0.75) 0.83 (0.76, 0.90) 0.95 (0.91, 0.97) 0.97 (0.94, 0.98) 0.97 (0.94, 0.99) <0.001

1 Statistics presented: median (IQR); n (%).
2 Statistical tests performed: Kruskal-Wallis test; chi-square test of independence.

https://doi.org/10.1371/journal.pone.0255343.t001
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Fig 2. Prevalence of selected comorbid conditions and proportion of households in patients’ respective

neighborhood of residence owning at least one vehicle, as a function of age, for groups of patients defined

according to race and ethnicity. Estimates adjusted to the observed median neighborhood income of $69,324.

Estimates for cardiovascular disease adjusted to modal values of other predictors in the model, i.e., non-diabetic, non-

obese, no autoimmune disease, and no documented smoking history. Similarly, estimates for COPD adjusted to no

documented smoking history.

https://doi.org/10.1371/journal.pone.0255343.g002

Fig 3. Prevalence of selected comorbid conditions and proportion of households in patients’ respective

neighborhood of residence owning at least one vehicle, as a function of age, for groups of patients defined

according to selected levels of median neighborhood income. Estimates adjusted to the modal race/ethnicity (non-

Hispanic White). Estimates for cardiovascular disease adjusted to modal values of other predictors in the model, i.e.,

non-diabetic, non-obese, no autoimmune disease, and no documented smoking history. Similarly, estimates for COPD

adjusted to no documented smoking history.

https://doi.org/10.1371/journal.pone.0255343.g003
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to differences in race/ethnicity. Odds ratio estimates from multivariable models that also

adjusted for other risk factors as depicted in Fig 1 are provided in S1 File.

Regarding the latent class analysis to identify relatively homogeneous groups of patients

with respect to their symptoms at testing, the 6-class solution optimized the BIC, and entropy

and (0.62) was near optimum relative to solutions involving other numbers of classes. Sequen-

tial LRTs all were strongly significant (p<0.001) for all solutions up to the 6-class solution,

while the LRT for the 7-class solution relative to the 6-class solution was not significant

(p = 0.11). These profiles, along with incidence estimates of SARS-CoV-2 test positivity and a

summary of sociodemographic factors are provided in Table 2. Class 1 (n = 2510), which had

the lowest incidence of SARS-CoV-2 test positivity at 3.4%, was mostly characterized by cough

(incidence: 67%) and shortness of breath (99%) and had the highest incidence of testing in the

ED (vs. outpatient locations, 60%). Class 1 patients were older (median [IQR] age: 57 [41, 71]

years) and had generally more extensive comorbid disease burden than the other classes. Class

2 (n = 3463; 5.4% test positivity) was the largest and generally lower in symptom burden, with

moderate incidence of cough (48%) and relatively short duration of symptoms (57% asymp-

tomatic or having symptoms 2 or fewer days). Class 2 had a higher prevalence of non-Hispanic

White race/ethnicity (68%), relatively higher neighborhood median income ($71000 [$49000,

$95000]) and relatively low rates of presentation to the ED. Class 3 (n = 684; 8.9% test positiv-

ity) had a generally higher symptom burden, with particularly higher prevalence of gastroin-

testinal symptoms (diarrhea, loss of appetite and vomiting) class. Class 3 was largely

characteristic of the broader cohort with respect to demographic and clinical factors, and rela-

tively more likely to have been tested in the ED. Class 4 (n = 2955; 11% test positivity) had

symptoms most closely matching influenza (cough, fever and flulike symptoms); symptoms

were relatively prolonged in this relatively younger class. Class 5 (n = 2593; 16% test positivity)

was similar to Class 2, except that the incidence of cough was higher (90%) and accompanied

by fatigue (100%) and fever (55%), and Class 2 patients had over twice the rate of test positivity

(5.7% and 16% test positivity for Classes 2 and 5, respectively). Class 6 (n = 695; 23% test posi-

tivity) had the highest overall symptom burden—all documented symptoms had incidences of

at least 59%—and also had the longest duration of symptoms (31% with symptoms for >1

week). These patients were disproportionately non-Hispanic Black (27%, vs. 21% in the overall

sample), were more likely to present to the ED (52%), the most likely to have tested positive

(23%) and the most likely to have required hospitalization (11% vs. 5.7% for Class 5, which

had the next highest test positivity and hospitalization rates).

Curves of the proportion tested in the ED and test positivity as a function of race/ethnicity

and neighborhood income are given in Fig 4, and multivariable odds ratio estimates for these

outcomes comparing groups defined by race/ethnicity and levels of median neighborhood

income (respectively) are given in S1 File. S1 File provides confidence interval estimates for

the predicted probabilities given in Fig 4 for selected age values. The analyzed sample of early-

pandemic SARS-CoV-2-screened individuals contained too few positive cases to produce reli-

ably similar curves for hospitalization rates among positive cases. Non-Hispanic Black and

Hispanic patients, as well as those from lower-income neighborhoods, were more frequently

tested in the ED, with the difference in testing location compared to non-Hispanic White and

higher-income neighborhoods (respectively) attenuating slightly among individuals of older

age. Those whose symptoms were present for more than a week were less likely to present to

the ED. Neighborhood vehicle access was not independently related to presentation to the ED.

Non-Hispanic Black patients were between 1.81 [95% confidence interval: 0.91–3.59] times

(at age 20) to 2.37 [1.54–3.65] times (at age 80) more likely to test positive for the SARS-CoV-2

virus, while test positivity was not significantly different across the neighborhood income spec-

trum. Differences in test positivity remained across the six symptom classes after multivariable
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adjustment, with the highest risk class (Class 6) being 10.0 [7.4–13.6] times as likely to test pos-

itive as the lowest risk class (Class 1).

Among the 1247 patients who tested positive, 404 (32.4%) were hospitalized. Results from

the multivariable model for hospitalization were not precise due to the relatively low number

Table 2. Sociodemographic and clinical characteristics; and COVID-19 screening and clinical outcomes; stratified by symptom class. Patients were assigned to

symptom classes based on their modal estimated probability of class membership derived from the latent class model.

Symptom Class p-value2

Class 1

N = 25101

Class 2

N = 34631

Class 3

N = 6841

Class 4

N = 29551

Class 5

N = 25931

Class 6

N = 6951

COVID-19-Related Symptoms

Cough 1686 (67%) 1659 (48%) 101 (15%) 2738 (93%) 2343 (90%) 677 (97%) <0.001

Fever 69 (2.7%) 793 (23%) 246 (36%) 1670 (57%) 1419 (55%) 408 (59%) <0.001

Fatigue 487 (19%) 173 (5.0%) 296 (43%) 0 (0%) 2593 (100%) 455 (65%) <0.001

Flulike Symptoms 0 (0%) 105 (3.0%) 171 (25%) 2593 (88%) 2020 (78%) 629 (91%) <0.001

Shortness of Breath 2489 (99%) 0 (0%) 120 (18%) 1591 (54%) 1283 (49%) 490 (71%) <0.001

Diarrhea 226 (9.0%) 284 (8.2%) 428 (63%) 465 (16%) 382 (15%) 529 (76%) <0.001

Loss of Appetite 89 (3.9%) 0 (0%) 329 (53%) 140 (5.3%) 360 (16%) 425 (66%) <0.001

Vomiting 79 (3.1%) 105 (3.0%) 410 (60%) 59 (2.0%) 0 (0%) 467 (67%) <0.001

Duration of Symptoms <0.001

Asymptomatic 54 (2.4%) 79 (2.9%) 7 (1.1%) 39 (1.4%) 35 (1.4%) 5 (0.8%)

0–2 Days 994 (45%) 1474 (54%) 314 (49%) 897 (33%) 717 (30%) 162 (24%)

3–7 Days 685 (31%) 754 (27%) 222 (35%) 1170 (43%) 1007 (41%) 294 (44%)

1–2 Weeks 251 (11%) 239 (8.7%) 57 (8.9%) 373 (14%) 385 (16%) 124 (19%)

>2 Weeks 237 (11%) 203 (7.4%) 37 (5.8%) 252 (9.2%) 285 (12%) 81 (12%)

Sociodemographic and Comorbid Characteristics

Age (years) 57 (41, 71) 50 (35, 66) 52 (35, 68) 46 (34, 60) 49 (36, 63) 49 (36, 60) <0.001

Female Sex 1515 (60%) 2054 (59%) 436 (64%) 1859 (63%) 1624 (63%) 456 (66%) 0.002

Race/Ethnicity <0.001

Non-Hispanic White 1627 (65%) 2342 (68%) 453 (66%) 1983 (67%) 1833 (71%) 444 (64%)

Non-Hispanic Black 703 (28%) 721 (21%) 170 (25%) 579 (20%) 408 (16%) 189 (27%)

Hispanic 53 (2.1%) 68 (2.0%) 18 (2.6%) 83 (2.8%) 56 (2.2%) 16 (2.3%)

Other 127 (5.1%) 332 (9.6%) 43 (6.3%) 310 (10%) 296 (11%) 46 (6.6%)

Neighborhood Median Income ($K) 64 (43, 88) 71 (49, 95) 69 (46, 88) 69 (48, 92) 74 (53, 95) 66 (44, 88) <0.001

Autoimmune Disease 838 (35%) 1042 (32%) 231 (35%) 824 (29%) 775 (31%) 220 (33%) <0.001

Diabetes Mellitus 738 (31%) 724 (23%) 193 (30%) 582 (21%) 546 (22%) 156 (24%) <0.001

Obesity 896 (36%) 811 (23%) 221 (32%) 804 (27%) 732 (28%) 249 (36%) <0.001

Current or Former Smoker 1423 (57%) 1445 (42%) 316 (46%) 1331 (45%) 1153 (44%) 362 (52%) <0.001

Asthma 831 (35%) 621 (19%) 128 (20%) 790 (28%) 676 (27%) 204 (31%) <0.001

Cardiovascular Disease 1543 (64%) 1552 (48%) 353 (54%) 1178 (42%) 1109 (45%) 344 (52%) <0.001

Chronic Obstructive Pulmonary Disease 576 (25%) 227 (7.2%) 58 (9.3%) 233 (8.5%) 226 (9.4%) 71 (11%) <0.001

Neighborhood Vehicle Access (%

households)

0.93 (0.85, 0.97) 0.94 (0.87, 0.97) 0.94 (0.86, 0.97) 0.94 (0.87, 0.97) 0.95 (0.89, 0.97) 0.93 (0.84, 0.97) <0.001

COVID-19 Outcomes

Testing in Emergency Department 1514 (60%) 1198 (35%) 378 (55%) 1125 (38%) 1022 (39%) 364 (52%) <0.001

Test Positivity 86 (3.4%) 199 (5.7%) 61 (8.9%) 315 (11%) 423 (16%) 163 (23%) <0.001

Hospitalization 42 (1.7%) 42 (1.2%) 31 (4.5%) 63 (2.1%) 149 (5.7%) 77 (11%) <0.001

1 Statistics presented: n (%).
2 Statistical tests performed: chi-square test of independence.

https://doi.org/10.1371/journal.pone.0255343.t002
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of hospitalizations in the sample, although testing in the emergency department (OR: 5.4 [3.9,

7.5]) and cardiovascular disease diagnosis (OR: 2.5 [1.7, 3.8]) were related to increased risk.

Discussion

This study was aimed at identifying socioeconomic and chronic disease-related processes that

may influence access to SARS-CoV-2 testing, test positivity, and COVID-19-related hospitali-

zation among a cohort of Northeast Ohio residents who were tested for SARS-CoV-2. The key

findings of this study were that tested patients residing in lower-income neighborhoods, who

were more likely to be Non-Hispanic Black and/or Hispanic, i) had a higher prevalence of

comorbidities such as T2DM and CVD; ii) were more likely to present to the ED for testing

than any other location; and iii) were more likely to be hospitalized for COVID-19. Further-

more, non-Hispanic Blacks were more likely to test positive for COVID-19 compared with all

others. The increased likelihood of presenting to the ED for testing among Hispanic and non-

Hispanic Black patients (compared to non-Hispanic White patients) was more apparent

among younger individuals, and appeared to attenuate in the older populations.

Since the beginning of the pandemic, much has been published on the associations of prev-

alent comorbidities, such as hypertension, T2DM, obesity, coronary artery disease with ele-

vated COVID-19 incidence and case-fatality [50,51]. Such outcomes-based research has

allowed policy-makers and public-health specialists to identify individuals who may benefit

the most from social distancing and other preventive measures against COVID-19 and

highlighted racial/ethnic and socio-economic disparities in healthcare access, and a possible

disproportionate impact of the pandemic on persons from racial and ethnic minority back-

grounds. The earliest reports came from New York City, where ecological researchers found a

disproportionately higher rate of COVID-19 infection and its associated mortality among

Fig 4. Incidence of testing in the ED (as opposed to any other location), COVID-19 test positivity and

hospitalization (among those testing positive for COVID-19), as a function of age, for categories of patients

defined according to race/ethnicity (adjusting for median income) and neighborhood median income (adjusting

to the modal race/ethnicity, non-Hispanic White).

https://doi.org/10.1371/journal.pone.0255343.g004
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residents of the Bronx, a predominantly lower-income, Hispanic- and non-Hispanic Black-

inhabited borough compared with Manhattan, a predominantly middle-to-high income, non-

Hispanic White-inhabited borough [5]. Similar trends were reported in other urban hotspots

and predominantly non-Hispanic Black-inhabited counties across the United States [52].

Identifying the factors that may be at play behind such glaring healthcare disparities is of para-

mount importance, with the ultimate aim of addressing them to ensure that all individuals,

regardless of their socio-economic background are able to benefit from the advancements of

medical care.

The adverse effects of social determinants of health are more pronounced in an airborne

pandemic such as COVID-19 [53]. Better living facilities that allow for adequate social distanc-

ing, adequate access to healthcare, job and income security providing opportunities for work-

ing from home, and other changes to work status and work environments all may impact an

individual’s risk for contracting and dying from the disease. Historically, non-Hispanic Black

and Hispanic persons have not enjoyed a full share of these opportunities in the social hierar-

chy of American society. Our study, of a large healthcare system serving a socio-economically

diverse population, allowed us to explore individual level differences in race, income, vehicle

access and other social determinants and their impact on COVID-19 outcomes. This is in con-

trast to other ecological studies [5], which have measured associations at population aggregate

levels such as counties and boroughs. The finding that socioeconomically disadvantaged, Non-

Hispanic Black and Hispanic groups were more likely to present to the ED for testing than any

other location may be due to downstream effects of policy that, despite measures such as the

Fair Housing Act, have resulted in generatively entrenched, multi-generational disparities that

have led to concentrated poverty and hardship. Coincident with lack of access and means for

accessing outpatient testing facilities are a lack of healthcare literacy, inadequate of primary

care services in these neighborhoods, concerns, perceptions and fears of social biases associ-

ated with the healthcare system writ large, and possible implicit bias within the system

connecting those who are in need of testing to those who provide testing. Despite the imple-

mentation of the Affordable Care Act in Ohio, health insurance inevitably remains tied with

employment. It is likely that given the high proportion of non-Hispanic Blacks and Hispanics

employed in lower-paying, contingent jobs, the economic burden of the pandemic dispropor-

tionately affects lower-income communities and racial and ethnic minorities in particular, ren-

dering workers uninsured and with few options other than emergency care. Recognition of

these disparities offers a unique opportunity to target interventions that help vulnerable popu-

lations in high need areas, including providing transportation to clinics, food and meal deliv-

ery, connections to primary care services, and peer support. Recently published research from

our region, that examined patients who utilized a physician-staffed telephone hotline with

wrap-around social services, suggests that such approaches have promise for improving health

access, reaching patients earlier and reducing social health disparities.

The high test-positivity rate in the ED is likely due (at least in part) to severe regional con-

straints on the availability of testing early in the pandemic, even to persons presenting to pri-

mary care with some symptoms. Nonetheless, the findings that racial/ethnic and economic

disparities in testing access, test positivity, as well as hospitalization from COVID-19 were

more pronounced in younger individuals compared with older individuals likely reflect a com-

bination of phenomena. First, in a younger population with fewer comorbidities, effects associ-

ated with social and economic deprivation may be more pronounced, whereas adverse

selection processes (such as premature mortality) may lead to attenuation of observed differ-

ences in older individuals. Second, younger persons may have had a higher likelihood of expo-

sure due to working front line jobs and not being designated as an ‘at risk’ group. Third,

research suggests that persons in lower-income communities exhibit signs of accelerated or

PLOS ONE Socioeconomic differences in COVID-19: A population-based study

PLOS ONE | https://doi.org/10.1371/journal.pone.0255343 August 5, 2021 10 / 14

https://doi.org/10.1371/journal.pone.0255343


premature aging, inflammation and immune dysregulation; these vulnerabilities are likely to

translate into differences in the severity of COVID-19 disease.

The finding that individuals with a higher prevalence of disease symptoms (class 6) were

more likely to be Non-Hispanic Blacks and/or Hispanic, and, in turn, were more likely to test

positive and be hospitalized, is especially concerning. What we cannot describe from these

data is the degree to which better access to earlier screening and care might have reduced this

disparity. Thus, further understanding of processes both endogenous and exogenous to the

healthcare system that, coalesce to produce racial and economic inequalities in COVID-19

outcomes—and policy changes to ameliorate these inequalities—is critically needed.
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