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Brief Report

Objectives: Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) spreads heterogeneously, disproportionately impacting 

poor and minority communities. The relationship between poverty and race is complex, with a diverse set of structural and systemic 

factors driving higher rates of poverty among minority populations. The factors that specifically contribute to the disproportionate 

rates of SARS-CoV-2 infection, however, are not clearly understood. 

Methods: We evaluated SARS-CoV-2 test results from community-based testing sites in Los Angeles, California, between June and De-

cember, 2020. We used tester zip code data to link those results with United States Census report data on average annual household 

income, rates of healthcare coverage, and employment status by zip code. 

Results: We analyzed 2 141 127 SARS-CoV-2 test results, of which 245 154 (11.4%) were positive. Multivariable modeling showed a 

higher likelihood of SARS-CoV-2 test positivity among Hispanic communities than among other races. We found an increased risk for 

SARS-CoV-2 positivity among individuals from zip codes with an average annual household income <US$65 000 (adjusted odds ratio 

[aOR], 1.77; 95% confidence interval [CI], 1.72 to 1.82), as well as from zip codes with <85% of individuals with health insurance (aOR, 

1.29; 95% CI, 1.25 to 1.33), and <60% of individuals employed (aOR, 1.42; 95% CI, 1.41 to 1.44). 

Conclusions: Residence in zip codes with lower average annual household income, lower rates of employment, or lower rates of 

health insurance was associated with SARS-CoV-2 positivity. Further research is needed into how those factors increase the spread of 

SARS-CoV-2 infection among populations of lower socioeconomic status in order to develop targeted public health interventions.

Key words: SARS-CoV-2, Socioeconomic factors, Los Angeles

Received: March 8, 2021 Accepted: April 6, 2021
Corresponding author: Lao-Tzu Allan-Blitz
Division of Global Health Equity, Department of Medicine, Brigham 
and Women’s Hospital, 75 Francis Street, Boston, MA 02115, USA
E-mail: lallan-blitz@partners.org

This is an Open Access article distributed under the terms of the Creative Commons 
Attribution Non-Commercial License (https://creativecommons.org/licenses/by-
nc/4.0/) which permits unrestricted non-commercial use, distribution, and repro-
duction in any medium, provided the original work is properly cited.

pISSN 1975-8375 eISSN 2233-4521 

INTRODUCTION

The severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) pandemic has exposed existing healthcare disparities 

in the United States. Individuals from racial and ethnic minori-
ties, as well as those living in poverty, are more likely to be in-
fected with SARS-CoV-2 than White and wealthy individuals 
[1-5]. A nationwide surveillance study found that SARS-CoV-2 
antibodies were more prevalent among poor communities 
and in Black and Hispanic neighborhoods [6]. The relationship 
between poverty and race is complex, with a diverse multifac-
torial set of structural and systemic factors driving higher rates 
of poverty among minority populations. 

Further compounding such disparities, the broad communi-
ty and business closures implemented as a result of the pan-
demic impact poor communities more than wealthy commu-
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nities [7]. If we are able to better understand the specific driv-
ers that place individuals living in poverty at increased risk for 
SARS-CoV-2 infection, we may be able to target interventions 
both to optimize prevention efficacy and to reduce harm. Of 
particular importance is the observation that SARS-CoV-2 in-
fection spreads heterogeneously through the population in 
localized hotspots [8,9]. Thus, interventions targeted towards 
poorer communities, which may be hotspots that fuel the 
spread of the infection, might further enhance the control of 
the pandemic at large. 

Several months ago, Los Angeles County, faced a surge of 
SARS-CoV-2 cases. Los Angeles is among the most populous 
counties in the United States with some of the highest rates of 
ethnic and racial diversity—48.6% identify as Hispanic [10]. In 
addition to serving as one of the primary ports for domestic 
and international travel, communities in Los Angeles differ 
vastly by socioeconomic status. Such factors make Los Ange-
les an important case study of the impact of complex and in-
terdependent factors on the transmission of SARS-CoV-2. There-
fore, to better understand specific poverty metrics that impact 
the risk for SARS-CoV-2 infection, we aimed to analyze poly-
merase chain reaction test positivity by socioeconomic status 
in Los Angeles County. Our hope is that such work will provide 
a basis for targeted public health interventions that may miti-
gate some of the socioeconomic consequences of broad coun-
ty-level closures. 

METHODS

We collected data from individuals presenting to one of 209 
drive-through testing centers for SARS-CoV-2 testing in Los 
Angeles County between June and December 2020. Individual 
data collected at the time of testing included age, sex, race 
and ethnicity, zip code of residence, reported exposure to an 
individual known to be infected with SARS-CoV-2, and report-
ed symptoms (muscle aches, cough, fevers, diarrhea, nausea, 
headache, congestion, sore throat, anosmia, and shortness of 
breath). After September 1, participants were asked if in the 
last 14 days they had visited any of a list of public places, spent 
time with 5 or more strangers, or wore a mask in public. The 
laboratory data collected included human and viral cycle thresh-
old values, and date and time of testing. We then linked those 
data by geographical information (zip code) to census data, 
which included average annual household income by zip code, 
percent of individuals with health insurance within a given zip 

code, and percent of individuals employed in the labor force 
older than 16 years of age, all aggregated over a 5-year average 
around 2018 [11].

Statistical Analysis 
For the descriptive tables we conducted a bivariate analysis 

comparing variables of interest by SARS-CoV-2 test result as 
well as by symptom status. We used the chi-square test to com-
pare proportions between categorical variables, and considered 
p-values <0.05 significant. We used logistic regression analysis 
to evaluate the association of SARS-CoV-2 positivity with the 
proportion of a tester’s zip code that fell into the following 
annual household income (US$) three categories: <65 000,  
65 000-84 999, 85 000-109 999, and ≥110 000. All models 
controlled for the proportion of residents in a zip code with 
health insurance and employment status, as well as for race 
and ethnicity (comparing Hispanic to all other races/ethnici-
ties). 

Ethics Statement
The Mass General Brigham Institutional Review Board deemed 

that the analysis of de-identified data did not constitute human 
subjects research (2020P003530).

RESULTS

During the study period, we analyzed 2 141 127 SARS-CoV-2 
test results, of which 245 154 (11.4%) were positive. Of those, 
92 505 (37.7%) were individuals  reporting no symptoms at the 
time of testing. Among those tested, 1 183 511 (55.3%) were 
female. The mean± standard deviation age of the tested pop-
ulation was 35.0±15.1 years. The mean annual household in-
come of the tester’s zip code varied widely, with a mean of 
US$92 145.27±41 437.96, as did the proportion of individuals 
with health insurance in the tester’s zip code, with a mean of 
88.5±5.5% being insured. The average percent employment of 
a zip code was 66.2±6.0%.

On bivariate analysis (Table 1), we noted the highest preva-
lence of SARS-CoV-2 infection among those reporting Hispan-
ic ethnicity (18.4%) compared to other racial/ethnic groups 
(3.6-6.9%) (p<0.01). SARS-CoV-2 positivity was higher among 
males, testers in younger age groups, symptomatic individu-
als, and those who reported being recently contacted by the 
health department about a known exposure, and was inverse-
ly related to the average annual household income of the tes-
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ter’s zip code, and percent insured of the zip code. 
On multivariable logistic regression analysis, Hispanic ethnic-

ity was significantly associated with test positivity compared to 
all other ethnicities and races in all models. Lower average an-
nual income of a tester’s zip code, compared with zip codes re-
porting an average annual household income of ≥US$110 000, 

was associated with SARS-CoV-2 test positivity; the most sig-
nificant effect was seen among zip codes with an average an-
nual household income <US$65 000 (adjusted odds ratio [aOR], 
1.77; 95% confidence interval [CI], 1.72 to 1.82), followed by 
zip codes with average annual household incomes between 
US$65 000 and US$84 999 (aOR, 1.62; 95% CI, 1.58 to 1.66). 

Table 1. Bivariate and multivariable associations of socioeconomic factors with SARS-CoV-2 test positivity among a community-
based sample, Los Angeles, June-December 2020

Characteristics Total, n (%) SARS-CoV-2 positivity, % p-value1 aOR (95% CI) 

Race/ethnicity2 <0.01

   Hispanic 1 093 214 (51.1) 18.4 1.00 (reference)

   White 608 070 (28.4) 3.6 4.19 (4.13, 4.26)

   Asian 237 182 (11.1) 4.4 4.05 (3.97, 4.13)

   Black 86 627 (4.0) 6.9 2.84 (2.77, 2.93)

   Other/unknown 66 383 (3.1) 6.4 2.50 (2.42, 2.58)

   Multiracial 49 651 (2.3) 3.8 4.24 (4.05, 4.44)

Sex <0.01

   Female 1 183 511 (55.3) 10.6 -

   Male 957 616 (44.7) 12.5 -

Age (y) <0.01

   ≤18 211 508 (9.9) 18.7 -

   19-49 1 548 774 (72.3) 10.2 -

   50-75 362 114 (16.9) 12.4 -

   >75 18 731 (0.9) 12.3 -

Symptomatic <0.01

   No 1 227 814 (57.3) 7.5 -

   Yes 913 313 (42.7) 16.7 -

Contact with someone who tested positive for SARS-CoV-2 <0.01

   No 1 356 585 (63.4) 7.7 -

   Yes 784 542 (36.6) 18.0 -

Average annual household income of the tester’s zip code (US$) <0.01

   <65 000 588 960 (27.5) 17.2 1.77 (1.72, 1.82)

   65 000-84 999 594 989 (27.8) 14.4 1.62 (1.58, 1.66)

   85 000-109 999 405 732 (18.9) 8.4 1.27 (1.24, 1.29)

   ≥110 000 551 263 (25.7) 4.4 1.00 (reference)

Residents with health Insurance in the tester’s zip code (%) <0.01

   <85.0 503 697 (23.5) 15.3 1.29 (1.25, 1.33)

   85.0-89.9 788 440 (36.8) 14.5 1.23 (1.20, 1.27)

   90.0-94.9 594 448 (27.8) 7.2 1.19 (1.16, 1.22)

   ≥95.0 238 848 (11.2) 4.1 1.00 (reference)

Residents employed in the tester’s zip code (%) <0.01

   <60 630 617 (29.5) 6.4 1.42 (1.41, 1.44)

   60-69 1 287 406 (60.1) 13.6 1.43 (1.40, 1.46)

   ≥70 223 009 (10.4) 13.2 1.00 (reference)

SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; aOR, adjusted odds ratio; CI, confidence interval. 
1The p-values reflect the distribution of categories by test positivity.
2Each race/ethnicity category was used as a reference to compare to Hispanic ethnicity.



Lao-Tzu Allan-Blitz, et al.

164

Testers living in zip codes with <85% of individuals reporting 
healthcare coverage had a higher odds of SARS-CoV-2 test 
positivity than individuals from zip codes with ≥95% health-
care coverage (aOR, 1.29; 95% CI, 1.25 to 1.33). Compared to 
individuals from zip codes with an average of ≥70% of indi-
viduals over 16 years of age employed, those from zip codes 
with <60% employed had higher odds of SARS-CoV-2 infec-
tion (aOR, 1.42; 95% CI, 1.41 to 1.44).

DISCUSSION

Our findings demonstrated a high prevalence of SARS-
CoV-2 test positivity among Hispanic individuals. We further 
found that individuals residing within zip codes with lower av-
erage annual household income, lower rates of health insur-
ance coverage, and lower employment rates were more likely 
to test positive, independent of ethnicity and race. 

Poor communities have been particularly impacted by 
SARS-CoV-2 infection [12]. Another study evaluated multiple 
social determinants of health and found associations of unem-
ployment, lack of health insurance, and lower median income 
with SARS-CoV-2 infection [13]; however, ethnicity and race 
were not factors evaluated by that study. Our findings demon-
strated increasing risk with decreasing levels of the same 
markers of socioeconomic status while accounting for race 
and ethnicity. Thus, our findings provide further details about 
the relationship between socioeconomic conditions and 
SARS-CoV-2 infection within racial and ethnic groups. 

A myriad of factors constitute the syndrome of poverty and 
disenfranchisement, of which the above are small pieces, all of 
which likely contribute to risk for SARS-CoV-2 infection in com-
plex and interconnected ways. The persistence of risk among 
Hispanic communities despite controlling for various measures 
of poverty indicates that other factors unique to those com-
munities must be at play as well. Household crowding, which 
is more common among Hispanic communities [14], may be a 
factor, but there are likely ongoing structural and systemic fac-
tors that continue to put those communities at-risk [5]. Thus, 
our findings may constitute a further step towards understand-
ing the complex interactions of race/ethnicity and poverty in 
the United States, and how those factors predispose to dispa-
rate risk for SAR-CoV-2 infection. Much more work is needed, 
however, both to adequately understand such interactions 
and to address the underlying issues perpetuating those dis-
parities. In the meantime, our findings suggest that economic 

interventions targeted towards low-income groups may find 
the greatest protective effect. 

 Ultimately, public health interventions should be targeted 
towards specific drivers of infection among high-risk groups. 
Our findings suggest that economic interventions targeted to-
wards low-income groups may find the greatest protective ef-
fect. Other factors that may contribute to increased risk among 
those communities include an inability to stay at home and 
poorly controlled work environments [15,16]. Thus, additional 
research is needed among Hispanic communities in Los Ange-
les to understand the constellation of factors that result in such 
a disproportionate prevalence of infection.

This study has several limitations. First and foremost, we uti-
lized test results from individuals who sought testing, which 
implicitly biases the population toward those who seek care, 
thus potentially limiting the generalizability of our results. Ad-
ditionally, zip code level data are not necessarily representa-
tive of each individual within a given zip code. Furthermore, 
given that we analyzed de-identified data, we were unable to 
link our results with other clinical data that would be relevant 
for future studies. Overall, however, we do not feel that those 
limitations diminish the importance of our findings.

In conclusion, we report SARS-CoV-2 polymerase chain re-
action test positivity from several community-based testing 
sites in Los Angeles with data linked based on zip code of resi-
dence to national census data on average annual household 
income, employment, and health insurance coverage. Our 
findings demonstrated a disproportionate burden of infection 
among ethnic minorities, specifically Hispanics, as well as those 
in the lowest socioeconomic category. Future studies should 
focus on delineating specific drivers of infection among those 
populations in order to better target public health interven-
tions. 
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