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Abstract

Objective

Determine whether an individual is at greater risk of severe acute respiratory distress syn-

drome coronavirus 2 (SARS-CoV-2) infection because of their community or their individual

risk factors.

Study design and setting

4,752 records from two large prevalence studies in New Orleans and Baton Rouge, Louisi-

ana were used to assess whether zip code tabulation areas (ZCTA)-level area deprivation

index (ADI) or individual factors accounted for risk of infection. Logistic regression models

assessed associations of individual-level demographic and socioeconomic factors and the

zip code-level ADI with SARS-CoV-2 infection.

Results

In the unadjusted model, there were increased odds of infection among participants residing

in high versus low ADI (both cities) and high versus mid-level ADI (Baton Rouge only) zip

codes. When individual-level covariates were included, the odds of infection remained

higher only among Baton Rouge participants who resided in high versus mid-level ADI

ZCTAs. Several individual factors contributed to infection risk. After adjustment for ADI,

race and age (Baton Rouge) and race, marital status, household size, and comorbidities

(New Orleans) were significant.
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Conclusions

While higher ADI was associated with higher risk of SARS-CoV-2 infection, individual-level

participant characteristics accounted for a significant proportion of this association. Addition-

ally, stage of the pandemic may affect individual risk factors for infection.

Introduction

Disparities in severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection rates

have been shown to be associated with community-level characteristics [1–4]. A Massachu-

setts, USA study found cities with greater proportions of Latino and Black residents had a

higher SARS-CoV-2 prevalence. This finding was attenuated only for Latino populations

when models adjusted for household size, percentage of food service workers, and percentage

of foreign-born non-citizens [1]. A state and county-level analysis across the United States

revealed that higher population percentages of Native American, Hispanic, and African Amer-

ican residents were associated with greater coronavirus disease (COVID-19) mortality [2].

Furthermore, race, which is a social construct and a proxy measure for social determinants of

health, was the predominant predictor rather than population density or health status [2].

These differences in morbidity and mortality have been attributed to underlying disparities in

occupation, education, transportation, and other markers of disadvantage [3]. A Louisiana

study found a positive relationship between the Area Deprivation Index (ADI), a multidimen-

sional measure of a community’s socioeconomic position, and SARS-CoV-2 infection in

which there was a 45% higher risk of infection in the most deprived compared to the least

deprived census tracts [5].

While population-level measures of the social determinants of health have been associated

with area-level infection rates, the relative importance of individual- versus community-level

risk factors on SARS-CoV-2 infection is not clear. An analysis of individual- versus commu-

nity-level factors conducted in a cohort of 57,865 patients from an integrated healthcare sys-

tem in New England revealed that independent of individual-level risk factors, SARS-CoV-2

infection rates were related to census tract-level socioeconomic characteristics including lower

educational attainment and higher household crowding and occupancy, but not race [4].

The present study aimed to further address this gap in the literature by examining the asso-

ciations between individual- and community-level factors and SARS-CoV-2 seropositivity.

We used individual-level data from two seroprevalence studies conducted in New Orleans and

Baton Rouge, Louisiana in combination with community-level ADI data generated using the

2018 5-year American Community Survey (ACS) [6]. We hypothesized that community ADI

would be significantly associated with seropositivity, but that the association would be attenu-

ated by individual-level variables.

Methods

Study variables and data collection

This study relies on 4,752 individual participant records collected with informed, verbal con-

sent and documented electronically with an impartial witness in two seroprevalence studies

conducted in New Orleans and Baton Rouge, Louisiana, USA [7, 8]. These seroprevalence

studies were approved by the Ochsner Clinic Foundation (IRB #2020.163); detailed methods

are available elsewhere [7, 8]. A representative sample of individuals provided informed
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consent before a nasopharyngeal swab, blood sample, and brief questionnaire. The question-

naire (S1 Table) administered in New Orleans contained fewer items than the one used in

Baton Rouge, and the studies were conducted, respectively, May 9–15, 2020 after an initial

wave of infections and a stay-at-home order, and July 15–31, 2020 after stay-at-home orders

had expired, masks were mandated, and COVID-19 risk factors were clearer.

ADI coefficient calculation

Because of population-level changes in Louisiana following Hurricane Katrina and to provide

more proximate spatiotemporal matching between the area- and participant-level data,

updated ADI coefficients were generated using data from the 2018 ACS five-year estimates for

Louisiana zip code tabulation areas (ZCTA) [9]. ZCTAs are comprised of census blocks aggre-

gated to create areal representations of U.S. Postal Service zip code service areas [10]. ADI

coefficients were generated via a factor analysis of 17 concepts from the ACS that are indica-

tors of poverty, housing, employment, and education and have been described previously [11].

These 17 measures were chosen [11] based on a factor analysis and their theorized relevance

and relationship to mortality. Factor coefficients were originally calculated for various geogra-

phy levels based on 1990 Census data [11], and the coefficients were updated for block groups

using data from the 2000 Census [12]. Data were available from the 2018 ACS five-year esti-

mates for all 515 Louisiana ZCTAs. We excluded 118 ZCTAs with missing data elements

which led to incalculable ADIs, including four ZCTAs in which 25 study participants lived

(70710, 70725, 70801, 70836). Therefore, a 1-factor solution factor analysis was performed for

397 Louisiana ZCTAs, and ADI was calculated using the calculated coefficients. A comparison

of the ADI coefficients computed in this study with those from Singh [11] and Knighton et al.

[12] are presented in S2 Table. The correlations between our computed coefficients and those

of both Singh and Knighton et al. [11, 12] are r>0.99.

Statistical analysis

Descriptive statistics were reported as means, standard deviations, and percentages as appro-

priate. Logistic regression models were estimated to assess associations of individual-level

demographic and socioeconomic factors and community-level ADI with SARS-CoV-2 infec-

tion (0 = no infection; 1 = past (antibody positivity) or present (PCR positivity) infection). The

Firth correction was used to address potential data sparseness effects. Analyses were performed

separately for the Baton Rouge and New Orleans areas.

Continuous variables (ADI, BMI, age) were subjected to cubic splines fit with various num-

ber of knots to allow for non-linear association with probability of infection. Three knots were

chosen for BMI and age (resulting in 4 groups) and 2 knots for ADI (resulting in 3 groups).

Categories for these continuous factors are presented in Table 1.

Three models were utilized to examine the association between ADI and odds of infection.

The unadjusted model included three categories of ADI (low, mid and high) based on cubic

splines analysis. Model 1 added covariates for the individual-level covariates measured in both

municipalities (age, race, sex, comorbidities, household size, and marital status). Model 2 was

fit with Baton Rouge data only and included all variables from Model 1 with additional indi-

vidual-level variables collected during the Baton Rouge seroprevalence study (BMI, work envi-

ronment, job type).

Similarly, a series of three models were used to examine the effects of individual-level risk

factors on odds of infection. A series of bivariate logistic regression models were used to exam-

ine the association between each individual-level risk factor separately (unadjusted model).

Model 1 included ADI and individual-level risk factors measured in both Baton Rouge and
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Table 1. Associations between individual-level variables and SARS-CoV-2 infection in Baton Rouge and New Orleans.

Baton Rouge New Orleans

Unadjusted a Model 1 b Model 2 c Unadjusted a Model 1 b

N Positive

(%)

OR 95% CI OR 95% CI OR 95% CI N Positive

(%)

OR 95% CI OR 95% CI

Age group (cubic

splines)

N Positive

(%)

OR LL Age group (cubic

splines)

N Positive

(%)

OR LL

1: 18.1–37.2 523 52 (9.94) - - - - - - 1: 18.1–37.9 658 38 (5.78) - - - -

2: 37.2–48.9 522 28 (5.36) 0.52 0.32,

0.82

0.47 0.28,

0.79

0.52 0.30,

0.89

2: 37.9–50.9 655 46 (7.02) 1.23 0.79,

1.92

1.18 0.74,

1.90

3: 48.9–60.5 517 31 (6.00) 0.58 0.36,

0.92

0.66 0.38,

1.14

0.72 0.40,

1.25

3: 50.9–63.0 663 51 (7.69) 1.36 0.88,

2.10

1.33 0.81,

2.19

4: 60.5–91.4 525 13 (2.48) 0.24 0.12,

0.42

0.35 0.16,

0.72

0.37 0.16,

0.80

4: 63.0–99.2 655 46 (7.02) 1.23 0.79,

1.92

1.43 0.82,

2.49

Race Race

1: White, non-

Hispanic

1480 65 (4.39) - - - - - - 1: White, non-

Hispanic

1605 78 (4.86) - - - -

2: Black, non-Hispanic 506 55 (10.87) 2.66 1.83,

3.85

2.20 1.46,

3.30

2.04 1.34,

3.10

2: Black, non-

Hispanic

823 90 (10.94) 2.40 1.75,

3.29

2.31 1.58,

3.38

3: Other 101 4 (3.96) 1 0.32,

2.38

0.76 0.25,

1.84

0.80 0.26,

1.94

3: Other 203 13 (6.40) 1.38 0.73,

2.43

1.36 0.72,

2.42

Sex Sex

1: Female 1330 82 (6.17) - - - - - - 1: Female 1667 122 (7.32) - - - -

2: Male 757 42 (5.55) 0.9 0.61,

1.31

1.00 0.67,

1.48

0.87 0.57,

1.33

2: Male 964 59 (6.12) 0.83 0.60,

1.14

0.93 0.66,

1.28

Comorbidities Comorbidities

1: Zero 1138 77 (6.77) - - - - - - 1: Zero 1441 91 (6.32) - - - -

2: One 539 24 (4.45) 0.65 0.40,

1.02

0.80 0.48,

1.30

0.82 0.48,

1.35

2: One 663 64 (9.65) 1.59 1.14,

2.21

1.26 0.87,

1.82

3: Two or more 410 23 (5.61) 0.83 0.51,

1.32

1.27 0.71,

2.24

1.26 0.69,

2.26

3: Two or more 527 26 (4.93) 0.78 0.49,

1.20

0.55 0.32,

0.90

Household size Household size

1: One person 339 22 (6.49) - - - - - - 1: One person 565 32 (5.66) - - - -

2: Two to three people 1208 47 (3.89) 0.58 0.35,

0.98

0.65 0.37,

1.16

0.56 0.31,

1.02

2: Two to three

people

1525 111 (7.28) 1.29 0.88,

1.97

1.81 1.16,

2.86

3: Four or more

people

540 55 (10.19) 1.61 0.98,

2.74

1.72 0.94,

3.22

1.42 0.76,

2.58

3: Four or more

people

541 38 (7.02) 1.26 0.78,

2.04

1.93 1.11,

3.37

Marital Status Marital Status

1: Married/cohabiting 1236 60 (4.85) - - - - - - 1: Married/

cohabiting

1368 82 (5.99) - - - -

2: Single 601 57 (9.48) 2.05 1.41,

2.99

1.42 0.88,

2.29

1.34 0.82,

2.18

2: Single 863 67 (7.76) 1.32 0.95,

1.84

1.59 1.07,

2.33

3: Divorced/widowed 250 7 (2.80) 0.60 0.26,

1.22

0.70 0.28,

1.51

0.65 0.26,

1.43

3: Divorced/

widowed

400 32 (8.00) 1.38 0.89,

2.08

1.51 0.93,

2.40

BMI group (from cubic

splines)

N Positive

(%)

1: 16.4–24.3 524 31 (5.92) - - - - - -

2: 24.3–28.0 525 30 (5.71) 0.96 0.58,

1.61

- - 1.06 0.62,

1.83

3: 28.0–32.9 517 27 (5.22) 0.88 0.52,

1.49

- - 0.85 0.48,

1.51

4: 32.9–70.6 521 36 (6.91) 1.18 0.72,

1.94

- - 0.99 0.57,

1.72

Work environment

(Continued)
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New Orleans, while Model 2 also included the individual-level covariates measured in Baton

Rouge only.

A random effect for residential zip code was initially incorporated to account for potential

variability in positivity rates across communities but was ultimately not included in the models

due to low variability across zip codes and low or null response rates in several zip codes.

Results were reported as unadjusted and covariate-adjusted odds ratios and 95% confidence

intervals. For odds ratios based on continuous measures, the unit change for calculations were

specified in the tables.

Additional unadjusted analyses were carried out to assess associations between SARS-CoV-

2 infection and each of the 17 individual concepts used to calculate ADI. Only one concept at a

time was incorporated into the model due to strong inter-concept correlations. Analyses were

performed using SAS/STAT 14.2.

Results

In both samples, the risk of infection showed a curvilinear association with ADI (Fig 1). The

dashed lines indicate the cut points used to define low (least deprived), mid and high (most

deprived) ADI categories. Odds ratios comparing SARS-CoV-2 infection by ADI are presented

in Fig 2. In the unadjusted model, there were greater odds of infection in both cities when

comparing the high versus low ADI groups, and the odds of infection were also higher in the

high versus mid-level ADI group in the Baton Rouge sample. When individual-level covariates

were included, the odds of infection remained significantly higher in the high versus mid-level

ADI group in Baton Rouge in both multivariable models (Model 1: OR = 1.71, 95% CI: 1.10–

Table 1. (Continued)

Baton Rouge New Orleans

Unadjusted a Model 1 b Model 2 c Unadjusted a Model 1 b

N Positive

(%)

OR 95% CI OR 95% CI OR 95% CI N Positive

(%)

OR 95% CI OR 95% CI

1: At home and on site 346 13 (3.76) - - - - - -

2: Going in to work

100%

760 62 (8.16) 2.21 1.25,

4.20

- - 1.64 0.90,

3.00

3: Working from

home 100%

454 22 (4.85) 1.29 0.65,

2.63

- - 1.33 0.67,

2.62

4: Unemployed/retired 527 27 (5.12) 1.36 0.71,

2.72

- - 1.35 0.69,

2.64

Job type

1: Office 587 17 (2.90) - - - - - -

2: Health Care 380 27 (7.11) 2.54 1.38,

4.77

- - 2.61 1.28,

5.31

3: Public Facing 330 29 (8.79) 3.19 1.76,

5.97

- - 2.38 1.20,

4.71

4: Other 257 24 (9.34) 3.42 1.83,

6.53

- - 2.73 1.35,

5.49

5: Unemployed/

retired/unknown

533 27 (5.07) 1.77 0.97,

3.32

- - 2.11 1.11,

4.04

a Bivariate associations between each variable and SARS-CoV-2 positivity.
b ADI and all individual-level variables that were measured in both Baton Rouge and New Orleans (Age, race, sex, comorbidities, household size, and marital status).
c ADI and all individual-level variables that were measured in only Baton Rouge (Age, race, sex, comorbidities, household size, and marital status, BMI, work

environment, job type).

https://doi.org/10.1371/journal.pone.0260164.t001
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2.69; Model 2: OR = 1.60, 95% CI: 1.03–2.54). There were no significant associations once indi-

vidual-level characteristics were included.

The odds of SARS-CoV-2 infection for the 17 ADI components are shown in S1 Fig. Higher

community-level proportions of unemployment, poverty, single-parent households, and

household crowding were associated with higher odds of infection in both New Orleans and

Baton Rouge. Larger income disparity was also associated with greater odds of infection in

New Orleans only. Conversely, higher income, monthly mortgage, home value, and white-col-

lar employment rate were associated with lower odds of infection in both cities. Higher

monthly rent in New Orleans and higher percentage with a high school diploma in Baton

Rouge were also associated with lower odds of infection.

Fig 1. Association of area-based deprivation index (ADI) with probability of infection (splines, 2 knots). ADI ranges for low, mid, and high were (35.7–61.7), (61.7–

83.6), and (83.6–112.9) for Baton Rouge and (7.3–59.5), (59.5–86.6), and (86.6–112.9) for New Orleans (denoted by dashed lines in the top panel).

https://doi.org/10.1371/journal.pone.0260164.g001

Fig 2. Association between ADI and SARS-CoV-2 infection in Baton Rouge and New Orleans. Results are presented as odds ratios; error bars

represent 95% Confidence Intervals. The unadjusted model accounts for bivariate associations between each variable and COVID-19 positivity. Model

1 accounts for all individual-level variables that were measured in both Baton Rouge and New Orleans (Age, race, sex, comorbidities, household size,

and marital status). Model 2 accounts for all individual-level variables that were measured in Baton Rouge (Age, race, sex, comorbidities, household

size, and marital status, BMI, work environment, job type). BMI, work environment, and job type were not collected in New Orleans. ADI ranges for

low, mid, and high were (35.7–61.7), (61.7–83.6), and (83.6–112.9) for Baton Rouge and (7.3–59.5), (59.5–86.6), and (86.6–112.9) for New Orleans.

https://doi.org/10.1371/journal.pone.0260164.g002
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Table 1 presents associations between individual-level factors and the odds of SARS-CoV-2

infection. In Baton Rouge, older age groups (>37 y) had lower odds of infection compared to

younger (ages 18–37 y) adults, while Black and single adults had higher odds of infection com-

pared to White and married adults, respectively. Furthermore, people who were going into the

workplace 100% had greater odds of infection compared those who were working from home

part time. Across job types, people in healthcare, those with public-facing jobs, or other jobs

had higher odds of infection compared to office workers. After adjustment for ADI and

mutual adjustment for the individual-level risk factors in Model 1, the effects of age and race

remained significant. After further adjustment for the additional factors in Model 2, the effects

of age and race remained significant, and all job types had significantly elevated odds of infec-

tion compared to office work. In New Orleans, Black individuals and those with one comor-

bidity had elevated odds of infection compared to White individuals and those with zero

comorbidities, respectively. After further adjustment for the ADI and mutual adjustment for

other individual-level factors in Model 1, Black and single adults had elevated odds of infection

compared to White and married adults, respectively. Further, there were elevated odds of

infection among people with multiple people living in their household compared to living

alone, and those with two or more comorbidities had lower odds of infection compared to

those reporting zero comorbidities. A comparison of New Orleans and Baton Rouge Census

data shows strong similarities in the populations (S3 Table).

Discussion

This study found areas with the highest levels of community deprivation had the highest odds

of SARS-CoV-2 infection, as reported in other U.S. regions [1–4, 13] and in Louisiana [14].

However, community deprivation was not significantly associated with odds of infection after

accounting for individual-level variables, except in Baton Rouge where high versus middle

ADI remained significantly associated with greater infection risk. Thus, individual-level vari-

ables were more consistently predictive of infection in our study compared to community-

level ADI. However, the relationship between deprivation and SARS-CoV-2 infection is non-

linear. In Baton Rouge, the curvilinear association indicates a dramatic increase in infection in

the most deprived communities with the lesser deprived communities showing approximately

equal probability of infection. In New Orleans, there is less variability across ADI groups, with

the most deprived communities showing slightly elevated probability of infection compared to

the lesser deprived. Lower variability in New Orleans could be caused by pandemic stage and

heterogeneity of socioeconomic status and deprivation within the same ZCTAs, which may

partly explain the attenuation of results in that sample.

Madhav et al. [5] examined the relationship between Louisiana census tract-level ADI and

SARS-CoV-2 infection prevalence. They found that more deprived census tracts had 10% to

18% higher COVID-19 rates compared to the least deprived census tracts. Similarly, a longitu-

dinal study [15] in seven U.S. states found that zip codes with higher ADI (i.e., more disadvan-

taged) had higher COVID-19 prevalence compared with those less disadvantaged in five of the

seven states. In their study, disease burden was masked by low testing rates early in the pan-

demic especially in underserved areas, which may have obscured true associations. Our find-

ings also indicated that pandemic stage likely contributed to differences in Baton Rouge and

New Orleans.

To date, few studies have examined both area-level and individual-level factors’ influences

on SARS-CoV-2 infection. After controlling for individual-level characteristics, Cromer [4]

found that higher SARS-CoV-2 infection was associated with census-tract level factors, includ-

ing higher population and household occupancy densities while percent of the population
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with a college degree was associated with lower infection risk. This differs from our findings in

that our results were attenuated or not statistically significant once individual factors were

included. This difference may be due to population or area-level variables (multiple census

tract-level Census variables versus the zip code-level ADI composite variable) differences

between the two studies.

The impact of the 17 components of ADI showed similar effect size magnitude and direc-

tion for infection risk across cities. We were unable to identify other studies which published

associations for all the individual ADI components. However, previous studies reported simi-

lar associations for household crowding [1, 4, 16], unemployment [4], and household income

[16], which suggests that they may be the most robust area-level predictors of SARS-CoV-2

infection warranting further study. Conflicting results were reported for poverty, home value,

and education [4]. These differences may be due to how the ADI components were analyzed.

Additionally, we recalculated ADI coefficients assuming that previously calculated coefficients

would have changed following Hurricane Katrina. Surprisingly, they were not different than

previously calculated coefficients.

Several individual factors independently contributed to infection risk in this study. After

adjustment for ADI, race and age (Baton Rouge) and race, marital status, household size, and

comorbidities (New Orleans) were significant. Older age is a well-known risk factor for

SARS-CoV-2 infection and severe COVID-19 [17, 18] which contradicts our findings. Our

finding that older age groups in Baton Rouge experienced lower infection risk is likely due to

the stage of the pandemic during which data were collected. Black race has been noted as a risk

factor for SARS-CoV-2 infection previously [1, 2, 4, 5, 7, 8, 19], and this study showed that

self-reported race is a risk factor independent of ADI. Thus, further study of the underpin-

nings of SARS-CoV-2 infection racial disparities is needed.

Differences in community-level variability in infection and community- and individual-

level associations in New Orleans compared to Baton Rouge may be due to the timing of each

data collection period. In New Orleans (Spring 2020), little was known about the virus and

public health messaging regarding masking, working from home, washing hands, and social

distancing was new. Older age and comorbidities were not known risk factors for more severe

disease. In contrast, Baton Rouge experienced their first large surge in Summer 2020, which

represented a fundamentally different stage of the pandemic; the public was aware of risk fac-

tors for severe disease and state-level mask mandates and social distancing recommendations

were in place. Importantly, businesses were closed, and stay-at-home orders were in place in

New Orleans, but Baton Rouge was reopening during data collection. Thus, New Orleans com-

munities may have been somewhat equally vulnerable to SARS-CoV-2 infection during this

time whereas Baton Rouge communities with more access to health care, public health messag-

ing, and resources to avoid infection likely decreased their risk of infection. For example, odds

of infection were not different by age in New Orleans, but older individuals in Baton Rouge

were less likely to be infected. Only the most essential employees worked on-site at the time of

the New Orleans study, but many non-essential employees were back at work in Baton Rouge

by July. Further, by this time, the risk of severe COVID-19 among older adults was well known

which likely resulted in older adults actively decreasing their own risk by staying home, dili-

gently wearing masks, etc. Further evaluation of how pandemic stage and public health recom-

mendations affected disease risk is needed.

This study has several strengths and weaknesses that warrant discussion. The inclusion of

information on area-level and individual-level risk factors coupled with seroprevalence data is

a marked strength. Most previous studies have examined these issues using only area-level fac-

tors and their association with area-level infection rates. By including both, we showed that

variables at both levels may contribute to higher infection odds with higher predictive power
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of individual compared to community characteristics. The use of representative samples from

two municipalities at different stages of the pandemic is also a strength as previous studies

compared areas during the same time frame. This allowed us to examine infection risk during

and after stay-at-home orders, mask mandates, and the discovery of significant risk factors

(i.e., age and certain co-morbidities). Finally, our ability to compute new ADI coefficients for

Louisiana is an improvement over using existing coefficients derived using older data from dif-

ferent jurisdictions.

Our limitations include the use of ZCTAs rather than a more precise area measure, such as

block group or census tract. A study of a Massachusetts hospital network found that although

individual factors accounted for variation in infection risk, using census tract data enabled

them to delineate more subtle area-level risk factors [4] versus a previous study that used cities

or towns as areas [1]. Thus, with more granular area-level analysis (e.g. census tract versus

ZCTA), we may have found additional area-level factors which increased infection risk. Addi-

tionally, ZCTA assignment based solely on participant zip code is imperfect [9]. In most

instances an area’s zip code and ZCTA are the same or very similar [9]; however, this is not

always the case. As such, misclassification bias related to spatial mismatch may be present.

This may be especially true for New Orleans where low- and high-income and deprivation

areas are often co-located within the same zip codes/ZCTAs. We were limited by incomplete

address information on the participant questionnaire which only required five-digit home zip

code. As such, the lack of valid home addresses precluded assignment of census tracts or block

groups. Given the unique aspects of the present study, our use of ZCTAs to examine commu-

nity-level SARS-CoV-2 risk, although imperfect, represents an important contribution to the

literature and highlights future research needs to replicate these analyses using a lower level of

geography. The degree to which our data at different levels are spatially correlated is not

known, which emphasizes the observational nature of our design and analysis which further

limits interpretations regarding causation in this study. In addition, ADI is only a single index

of social determinants of health, and future studies could include additional, multidimensional

indices [20] to clarify more nuanced risk factors for SARS-CoV-2 infection. Importantly, indi-

vidual level variables accounted for in our models are intertwined with the ADI factors. For

example, individuals’ household size, job type, and marital status are closely related to ADI

variables household crowding, white-collar occupations, and single-parent households, respec-

tively. However, analyses did not indicate issues of multi-collinearity or model instability.

Finally, not all possible individual variables were accounted for in these analyses. Future stud-

ies should examine additional individual-level variables and multifaceted area-level measures

(e.g. isolation) that may be associated with infection risk.

Conclusions

While higher community-level deprivation was associated with higher odds of SARS-CoV-2

infection, individual-level characteristics accounted for most of the association. Data from two

Louisiana seroprevalence studies at different stages of the SARS-CoV-2 pandemic show that

ADI provided little additional information to explain infection risk after accounting for indi-

vidual-level factors. Risk factors changed over time.

Supporting information

S1 Table. Relevant survey questions from prevalence studies. Questions were asked verbally

and noted by research personnel. � indicates questions only asked in Baton Rouge.

(TIF)
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S2 Table. Area Deprivation Index (ADI) concepts with factor loading and coefficients cal-

culated previously and in this study.

(TIF)

S3 Table. 2018 census data from Baton Rouge and New Orleans. Greater Baton Rouge

includes the following parishes: Ascension, East Baton Rouge, Livingston, and West Baton

Rouge. Greater New Orleans includes Jefferson and Orleans parishes. These were chosen to

reflect the enrollment areas of the two seroprevalence studies.

(TIF)

S4 Table. COVID-19 seroprevalence and ADI study data. All records used to generate this

analysis are shown without identifying information.

(XLSX)

S1 Fig. Unadjusted odds ratios and 95% confidence intervals of infection with severe acute

respiratory syndrome 2 by ADI components per unit change in New Orleans and Baton

Rouge, Louisiana. Blue indicates greater odds, yellow indicates decreased odds and black indi-

cates no significant difference.

(TIF)

Author Contributions

Conceptualization: Amy K. Feehan, Peter T. Katzmarzyk, Eboni G. Price-Haywood, Leo-

nardo Seoane.

Data curation: Amy K. Feehan, Kara D. Denstel, Cruz Velasco, Jeffrey H. Burton.

Formal analysis: Amy K. Feehan, Cruz Velasco, Jeffrey H. Burton.

Funding acquisition: Amy K. Feehan, Leonardo Seoane.

Investigation: Amy K. Feehan, Kara D. Denstel, Peter T. Katzmarzyk, Leonardo Seoane.

Methodology: Amy K. Feehan, Kara D. Denstel, Peter T. Katzmarzyk, Cruz Velasco, Jeffrey H.

Burton, Eboni G. Price-Haywood, Leonardo Seoane.

Project administration: Amy K. Feehan, Leonardo Seoane.

Resources: Amy K. Feehan, Leonardo Seoane.

Software: Cruz Velasco, Jeffrey H. Burton.

Supervision: Amy K. Feehan, Leonardo Seoane.

Validation: Cruz Velasco, Jeffrey H. Burton.

Visualization: Amy K. Feehan, Cruz Velasco, Jeffrey H. Burton.

Writing – original draft: Amy K. Feehan.

Writing – review & editing: Amy K. Feehan, Kara D. Denstel, Peter T. Katzmarzyk, Cruz

Velasco, Jeffrey H. Burton, Eboni G. Price-Haywood, Leonardo Seoane.

References
1. Figueroa J.F.; Wadhera R.K.; Lee D.; Yeh R.W.; Sommers B.D. Community-Level Factors Associated

With Racial And Ethnic Disparities In COVID-19 Rates In Massachusetts. Health Aff (Millwood) 2020,

10.1377/hlthaff.2020.01040, 101377hlthaff202001040, https://doi.org/10.1377/hlthaff.2020.01040

PMID: 32853056

PLOS ONE Community versus individual risk of SARS-CoV-2 infection

PLOS ONE | https://doi.org/10.1371/journal.pone.0260164 November 30, 2021 10 / 11

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0260164.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0260164.s003
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0260164.s004
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0260164.s005
https://doi.org/10.1377/hlthaff.2020.01040
http://www.ncbi.nlm.nih.gov/pubmed/32853056
https://doi.org/10.1371/journal.pone.0260164


2. Feinhandler I.; Cilento B.; Beauvais B.; Harrop J.; Fulton L. Predictors of Death Rate during the COVID-

19 Pandemic. Healthcare (Basel) 2020, 8, https://doi.org/10.3390/healthcare8030339 PMID: 32937804

3. McLaren, J. Racial Disparity in COVID-19 Deaths: Seeking Economic Roots with Census data. The

National Bureau of Economic Research 2020, Working Paper No. 27407, https://doi.org/10.3386/

w27407

4. Cromer S.J.; Lakhani C.M.; Wexler D.J.; Burnett-Bowie S.-A.M.; Udler M.; Patel C.J. Geospatial Analy-

sis of Individual and Community-Level Socioeconomic Factors Impacting SARS-CoV-2 Prevalence and

Outcomes. medRxiv 2020, 10.1101/2020.09.30.20201830, 2020.2009.2030.20201830, https://doi.org/

10.1101/2020.09.30.20201830 PMID: 33024982

5. Madhav K.C.; Oral E.; Straif-Bourgeois S.; Rung A.L.; Peters E.S. The effect of area deprivation on

COVID-19 risk in Louisiana. PLoS One 2020, 15, e0243028, https://doi.org/10.1371/journal.pone.

0243028 PMID: 33270701

6. American Community Survey, 2018 American Community Survey 5-Year Estimates. U.S. Census

Bureau.

7. Feehan A.K.; Fort D.; Garcia-Diaz J.; Price-Haywood E.; Velasco C.; Sapp E.; et al. Seroprevalence of

SARS-CoV-2 and Infection Fatality Ratio, Orleans and Jefferson Parishes, Louisiana, USA, May 2020.

Emerg Infect Dis 2020, 26, https://doi.org/10.3201/eid2611.203029 PMID: 32731911

8. Feehan A.K.; Velasco C.; Fort D.; Burton J.H.; Price-Haywood E.G.; Katzmarzyk P.T.; et al. Racial and

Workplace Disparities in Seroprevalence of SARS-CoV-2, Baton Rouge, Louisiana, USA. Emerg Infect

Dis 2020, 27, https://doi.org/10.3201/eid2701.203808 PMID: 33171096

9. Grubesic T.H.; Matisziw T.C. On the use of ZIP codes and ZIP code tabulation areas (ZCTAs) for the

spatial analysis of epidemiological data. Int J Health Geogr 2006, 5, 58, https://doi.org/10.1186/1476-

072X-5-58 PMID: 17166283

10. Zip Code Tabulation Areas (ZCTAs). U.S. Census Bureau.

11. Singh G.K. Area deprivation and widening inequalities in US mortality, 1969–1998. Am J Public Health

2003, 93, 1137–1143, https://doi.org/10.2105/ajph.93.7.1137 PMID: 12835199

12. Knighton A.J.; Savitz L.; Belnap T.; Stephenson B.; VanDerslice J. Introduction of an Area Deprivation

Index Measuring Patient Socioeconomic Status in an Integrated Health System: Implications for Popu-

lation Health. EGEMS (Wash DC) 2016, 4, 1238, https://doi.org/10.13063/2327-9214.1238 PMID:

27683670

13. Bertocchi, G., Dimico, A. Covid-19, Race, and Redlining IZA Discussion Paper No. 13467 2020.

14. Akinbami L.J.; Vuong N.; Petersen L.R.; Sami S.; Patel A.; Lukacs S.L.; et al. SARS-CoV-2 Seropreva-

lence among Healthcare, First Response, and Public Safety Personnel, Detroit Metropolitan Area,

Michigan, USA, May-June 2020. Emerg Infect Dis 2020, 26, https://doi.org/10.3201/eid2612.203764

PMID: 32956614

15. Hatef E.; Chang H.Y.; Kitchen C.; Weiner J.P.; Kharrazi H. Assessing the Impact of Neighborhood

Socioeconomic Characteristics on COVID-19 Prevalence Across Seven States in the United States.

Front Public Health 2020, 8, 571808, https://doi.org/10.3389/fpubh.2020.571808 PMID: 33072710

16. Emeruwa U.N.; Ona S.; Shaman J.L.; Turitz A.; Wright J.D.; Gyamfi-Bannerman C.; et al. Associations

Between Built Environment, Neighborhood Socioeconomic Status, and SARS-CoV-2 Infection Among

Pregnant Women in New York City. JAMA 2020, 324, 390–392, https://doi.org/10.1001/jama.2020.

11370 PMID: 32556085

17. Nikolich-Zugich J.; Knox K.S.; Rios C.T.; Natt B.; Bhattacharya D.; Fain M.J. SARS-CoV-2 and COVID-

19 in older adults: what we may expect regarding pathogenesis, immune responses, and outcomes.

Geroscience 2020, 42, 505–514, https://doi.org/10.1007/s11357-020-00186-0 PMID: 32274617

18. Jordan R.E.; Adab P. Who is most likely to be infected with SARS-CoV-2? Lancet Infect Dis 2020, 20,

995–996, https://doi.org/10.1016/S1473-3099(20)30395-9 PMID: 32422197

19. Biggs H.M.; Harris J.B.; Breakwell L.; Dahlgren F.S.; Abedi G.R.; Szablewski C.M.; et al. Estimated

Community Seroprevalence of SARS-CoV-2 Antibodies—Two Georgia Counties, April 28-May 3, 2020.

MMWR Morb Mortal Wkly Rep 2020, 69, 965–970, https://doi.org/10.15585/mmwr.mm6929e2 PMID:

32701941

20. Kolak M.; Bhatt J.; Park Y.H.; Padron N.A.; Molefe A. Quantification of Neighborhood-Level Social

Determinants of Health in the Continental United States. JAMA Netw Open 2020, 3, e1919928, https://

doi.org/10.1001/jamanetworkopen.2019.19928 PMID: 31995211

PLOS ONE Community versus individual risk of SARS-CoV-2 infection

PLOS ONE | https://doi.org/10.1371/journal.pone.0260164 November 30, 2021 11 / 11

https://doi.org/10.3390/healthcare8030339
http://www.ncbi.nlm.nih.gov/pubmed/32937804
https://doi.org/10.3386/w27407
https://doi.org/10.3386/w27407
https://doi.org/10.1101/2020.09.30.20201830
https://doi.org/10.1101/2020.09.30.20201830
http://www.ncbi.nlm.nih.gov/pubmed/33024982
https://doi.org/10.1371/journal.pone.0243028
https://doi.org/10.1371/journal.pone.0243028
http://www.ncbi.nlm.nih.gov/pubmed/33270701
https://doi.org/10.3201/eid2611.203029
http://www.ncbi.nlm.nih.gov/pubmed/32731911
https://doi.org/10.3201/eid2701.203808
http://www.ncbi.nlm.nih.gov/pubmed/33171096
https://doi.org/10.1186/1476-072X-5-58
https://doi.org/10.1186/1476-072X-5-58
http://www.ncbi.nlm.nih.gov/pubmed/17166283
https://doi.org/10.2105/ajph.93.7.1137
http://www.ncbi.nlm.nih.gov/pubmed/12835199
https://doi.org/10.13063/2327-9214.1238
http://www.ncbi.nlm.nih.gov/pubmed/27683670
https://doi.org/10.3201/eid2612.203764
http://www.ncbi.nlm.nih.gov/pubmed/32956614
https://doi.org/10.3389/fpubh.2020.571808
http://www.ncbi.nlm.nih.gov/pubmed/33072710
https://doi.org/10.1001/jama.2020.11370
https://doi.org/10.1001/jama.2020.11370
http://www.ncbi.nlm.nih.gov/pubmed/32556085
https://doi.org/10.1007/s11357-020-00186-0
http://www.ncbi.nlm.nih.gov/pubmed/32274617
https://doi.org/10.1016/S1473-3099%2820%2930395-9
http://www.ncbi.nlm.nih.gov/pubmed/32422197
https://doi.org/10.15585/mmwr.mm6929e2
http://www.ncbi.nlm.nih.gov/pubmed/32701941
https://doi.org/10.1001/jamanetworkopen.2019.19928
https://doi.org/10.1001/jamanetworkopen.2019.19928
http://www.ncbi.nlm.nih.gov/pubmed/31995211
https://doi.org/10.1371/journal.pone.0260164

