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Introduction: Existing socioeconomic and racial disparities in healthcare access in New York City
have likely impacted the public health response to COVID-19. An ecological study was performed
to determine the spatial distribution of COVID-19 testing by ZIP code Tabulation Area and investi-
gate if testing was associated with race or SES.

Methods: Data were obtained from the New York City coronavirus data repository and 2018
American Community Survey 5-year estimates. A combined index of SES was created using princi-
pal component analysis and incorporated household income, gross rent, poverty, education, work-
ing class status, unemployment, and occupants per room. Multivariable Poisson regressions were
performed to predict the number of total tests and the ratio of positive tests to total tests performed,
using the SES index, racial composition, and Hispanic composition as predictors.

Results: The number of total tests significantly increased with the increasing proportion of white
residents (b=0.004, SE=0.001, p=0.0032) but not with increasing Hispanic composition or SES
index score. The ratio of positive tests to total tests significantly decreased with the increasing pro-
portion of white residents in the ZIP code Tabulation Area (b= �0.003, SE=0.000 6, p<0.001) and
with increasing SES index score (b= �0.001 6, SE=0.0007, p=0.0159).

Conclusions: In New York City, COVID-19 testing has not been proportional to need; existing
socioeconomic and racial disparities in healthcare access have likely impacted public health
response. There is urgent need for widespread testing and public health outreach for the most vul-
nerable communities in New York City.
Am J Prev Med 2020;59(3):326−332. © 2020 American Journal of Preventive Medicine. Published by Elsevier
Inc. All rights reserved.
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Coronavirus disease 2019 (COVID-19) is a rap-
idly evolving pandemic that emerged at the end
of 2019 and has infected more than 8.8 million

people and caused more than 450,000 deaths around the
world.1 The first official case in New York City (NYC)
was confirmed on March 1, 2020, and since then, more
than 200,000 cases, 53,000 hospitalizations, and more
than 17,500 deaths have affected the city in the brief
space of a few weeks.2 COVID-19 testing was imple-
mented relatively late and at a very slow pace in the U.S.
Although testing should be performed for contact trac-
ing to prevent COVID-19 spread, it is also a diagnostic
tool and remains an important piece in the mitigation
phase of a pandemic.
The U.S. has implemented COVID-19 testing in a
sporadic and disorganized way, partly because the Cen-
ters for Disease Control and Prevention (CDC) guide-
lines changed several times over a short time span,3

owing in part to the quality and speed of the diagnostic
tive Medicine. Published by Elsevier Inc. All rights
reserved.
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test that was initially very poor. At the beginning of the
year, CDC guidelines for testing were restricted to those
who recently traveled to China or were in contact with
an infected person, and testing performed in state labo-
ratories was halted because of problems with the test
itself.4 The test results would require several days to be
produced and released, limiting the test’s utility for con-
tact tracing, transmission prevention, and disease con-
tainment. Currently, CDC acknowledges on their
website that it may remain difficult for individuals to be
tested.5

Only recently, NYC has released data that minorities
are disproportionately affected by COVID-196 and is
recognizing the importance of performing widespread
testing and surveillance, especially in less affluent neigh-
borhoods.
To study testing rates and positivity in NYC from the

onset of COVID-19 and to identify areas of urgent need,
this study analyzes existing data provided by the NYC
Department of Health. The objectives of this analysis are
(1) to study the spatial distribution of the number of
COVID-19 tests, of COVID-19 positive tests, and the
ratio of positive to total tests according to ZIP code Tabu-
lation Area (ZCTA) and (2) to determine factors associ-
ated with testing and with positive testing according to
ZCTA. The authors hypothesize that testing is currently
not performed according to the metropolitan area’s needs,
and that the proportion of tests performed relative to the
resident population is higher in areas of high SES, whereas
the proportion of positive COVID-19 tests is dispropor-
tionately high among socioeconomically vulnerable popu-
lations.
METHODS

Study Sample
The number of COVID-19 tests performed and the number of
positive COVID-19 tests were downloaded from the NYC Coro-
navirus (COVID-19) data repository hosted by the NYC Depart-
ment of Health from March 2, 2020 current through April 6,
2020.2 The frequency of positive COVID-19 tests, total COVID-
19 tests, and this ratio were mapped in ArcGIS according to quar-
tiles. ZCTAs refer to the location of the person’s residence. Cluster
analysis was performed using Anselin Local Moran’s I to identify
high/low clusters of total tests/population of the ZCTA, and high/
low clusters of positive tests/total tests.
Measures
ZCTA-level data on median household income in the past 12
months (Table B19013), median gross rent (Table B25064), per-
centage living <150% of the poverty line (e.g., an annual salary of
≤$26,200 for a 4-person household7; Table C17002), education
(Table B15002), percentage working class (Table C24010), percent-
age unemployed (Table B23025), and more than 1 occupant per
room (Table B25014) were downloaded from 2018 American
September 2020
Community Survey 5-year estimates.8 The percentage unemployed
and the percentage working class were calculated on the civilian
population aged ≥16 years. The education index was calculated on
the population aged ≥25 years and is a weighted combination of
the percentage high school graduate, high school only, and more
than high school, with a greater value indicating higher educational
attainment.

These variables were combined into an index of SES using
principal component analysis (PCA) similar to Yost et al.9 This
PCA differs from that of Yost and colleagues9 because it incorpo-
rates the occupants per room measure while removing the median
home value to make the index more relevant to this study’s area
and for modeling COVID-19. The PCA resulted in 1 component
being retained based on an eigenvalue >1.0 and the scree plot,
which accounted for 72.4% of the variance. Each component of
the SES index was ranked, standardized, and applied factor load-
ings according to the PCA.

A linear combination was then created to obtain an SES index
score assigned to each ZCTA, according to:

SES score ¼ median household income��0:18248ð Þ
þ median gross rent��0:16288ð Þ
þ percentage< 150% poverty ��0:17584ð Þ
þ education index��0:18924ð Þ
þ working class� 0:18074ð Þ
þ percentage unemployed��0:15277ð Þ
þ more than 1 occupant per room� 0:1256ð Þ:

ZCTAs were classified into quartiles of this SES score, with a score
of 1 corresponding to the lowest SES quartile (i.e., lowest
resourced) and a score of 4 representing the highest SES quartile.

In addition to the elements included in the SES index, the racial
(white alone proportion) and Hispanic composition of each
ZCTA were obtained from 2018 American Community Survey
5-year estimates.
Statistical Analysis
Wilcoxon rank sums tests were performed to assess differences in
SES index components, racial composition, proportion of His-
panic residents, positive tests, and total tests according to SES
quartiles. Mean, median, Quartile 1, Quartile 3, N, minimum,
maximum, and SD were calculated for each component of the
SES index, racial composition, and proportion of Hispanic resi-
dents according to SES quartiles. A multivariable Poisson regres-
sion was performed to predict the number of total tests,
accounting for the total ZCTA population as an offset, and utiliz-
ing the SES index, the racial composition, and the proportion of
Hispanic residents at the ZCTA level as predictors (Model 1).
Multivariable Poisson regression was performed to predict the
ratio of positive tests per total number of tests performed accord-
ing to the SES index, the racial composition, and the proportion
of Hispanic residents of the ZCTA as predictors (Model 2). All
analyses were performed in SAS, version 9.4 and ArcGIS, version
10.7.1.
RESULTS

Each component of the SES index, as well as the propor-
tion of white residents, proportion of Hispanic residents,
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ratio of total tests to population, and ratio of positive to
total tests were analyzed according to quartiles of the SES
index (Table 1). Across SES quartiles representing increas-
ing SES, the median household income (p<0.0001), pro-
portion of residences with more than 1 occupant per
room (p<0.0001), percentage unemployed (p<0.0001),
proportion living <150% of poverty line (p<0.0001), pro-
portion working class (p<0.0001), education (p<0.0001),
proportion of white residents (p<0.0001), the ratio of total
tests to population (p=0.2911), and the ratio of positive
tests to total tests (p<0.0001) increased. The proportion of
Hispanic residents decreased across increasing SES index
quartiles (p<0.0001).
There are 177 ZCTAs in NYC. The ratio of total tests

to population and positive tests to total tests performed
were mapped according to each ZCTA (Figure 1). Clus-
ters of a low proportion of total tests/population were
present in areas of northern Brooklyn, and clusters of a
high ratio of total tests relative to population were iden-
tified throughout midtown Manhattan and an area in
central Queens (Appendix Figure 1, available online).
Cluster and outlier analysis using local Moran’s I
revealed clusters of a high ratio of positive tests to total
tests in areas of Brooklyn and Queens and clusters of a
low ratio of positive tests to total tests throughout Man-
hattan and the waterfront of Queens and Brooklyn adja-
cent to Manhattan.
The number of total tests significantly increased with

the increasing proportion of white residents in the
ZCTA (b=0.004, SE=0.001, p=0.0032), whereas the pro-
portion of Hispanic residents (b=0.0008, SE=0.001,
p=0.5617) and the SES index score (b= �0.0007,
SE=0.001, p=0.6077) were not statistically significant
(Table 2). The ratio of positive tests to total tests signifi-
cantly decreased with the increasing proportion of white
residents in the ZCTA (b= �0.003, SE=0.0006, p<0.001)
and the increasing SES index score (b= �0.0016,
SE=0.0007, p=0.0159).
DISCUSSION

Both the number of tests for COVID-19, accounting for
the ZCTA population, and the proportion of positive
testing vary by ZCTA within NYC, with racial composi-
tion and SES being significant predictors of testing vol-
ume and positivity. These results show that more tests
were performed in areas with an increasingly white
racial composition. Conversely, the highest proportion
of positive tests were recorded in nonwhite neighbor-
hoods and in areas defined by a lower SES.
NYC has quickly become the epicenter of the

COVID-19 pandemic, and the staggering number of
infected residents, along with the complete shutdown of
all services, have exacerbated existing social and racial
disparities in healthcare access and utilization. This anal-
ysis integrates with data showing racial disparities in
COVID-19 cases and deaths, both nationally and within
NYC.6 Although mortality data from COVID-19 have
not been released to date by ZCTA in NYC, data have
been released by borough of residence.10 Among con-
firmed COVID-19 cases, mortality rates are higher in
Queens (31.9%), Brooklyn (28.4%), and the Bronx
(22.9%) than in Manhattan (11.5%) and Staten Island
(5.3%). These patterns of higher mortality correspond to
areas that were shown to have proportionately more
positive test results and less testing in general. This anal-
ysis shows that working-class populations in lower-SES
areas are less likely to receive tests and more likely to be
positive when tested. This population inherently
includes essential workers, municipal transportation
workers, factory workers, and those working in health-
care settings, all of which are especially vulnerable to
COVID-19. One explanation is that residents of low-SES
metropolitan areas are more likely to be tested when
symptomatic given that they were more likely to have a
positive test result. Symptomatic testing may identify
more advanced cases, thus contributing to the high mor-
tality rates, while at the same time not mitigating the dif-
fusion of the infection in the community. This
phenomenon has serious implications in areas such as
Queens and Brooklyn, where a large number of health-
care and service workers work and reside. Additionally,
low-SES residents may be essential workers, with limited
time to devote to be tested or limited access to transpor-
tation to testing sites. Similar barriers have been
observed in other settings such as cancer screening.11−13

Widespread COVID-19 testing has been identified as
a crucial step in reopening the economy.14,15 In fact, test-
ing is necessary to track positive cases, identify asymp-
tomatic transmitters, and trace contacts in the
community. When widely available, saliva-based testing
offers an alternative to nasopharyngeal swabs that may
be more practical and more sensitive (Wyllie AL, PhD,
unpublished data, January 2020). However, additional
barriers to testing include access and cost. To remove
barriers to testing, New York State prohibited cost shar-
ing on private insurance companies for COVID-19 test-
ing on March 2, 2020.16 Additionally, House Resolution
(HR) 6201 dated March 18, 2020 enacted free COVID-
19 testing and removed costs for traveling to be tested.17

However, this bill does not prevent against surprise
charges. Still, the number of people who need to be
tested outnumbers the available test kits, nasal swabs,
and other necessary equipment for conducting the test.
www.ajpmonline.org



Table 1. SES Index Components, Racial Composition, Positive Tests, and Total Tests According to Quartiles of Increased SES
Index

Variable Mean Median Q1 Q3 n Min Max SD

Quartile 1

Median household income (dollars) 42,114.67 39,653 28,921 51,521 45 21,149 83,240 14,256.98

Median rent (dollars) 1,145.44 1,153 1,019 1,285 45 690 1,591 198.6

Unemployed (%) 10.31 10.32 8.51 12.39 45 5.2 15.75678 2.45

Living below 150% poverty line (%) 39.74 39.78 30.19 49.67 45 18.7 62.49 11.79

Working class (%) 67.13 65.49 60.24 74.17 45 50.16 80.4 8.52

Education index 1,309.29 1,315.28 1,263.15 1,349.38 45 1,189.91 1,397.24 52.72

>1 occupants per room 2,228.38 1,910 996 2,882 45 218 6,329 1,549.98

White residents (%) 23.89 17.73 12.49 36.1 45 3.512 63.27 15.44

Hispanic residents (%) 45.7 47.53 25.62 66.57 45 12.43 75.77 20.32

Total tests/population (%) 0.87 0.83 0.77 0.97 45 0.57 1.42 0.18

Positive tests/total tests (%) 0.55 0.55 0.53 0.58 45 0.39 0.66 0.61

Quartile 2

Median household income (dollars) 60,041.11 60,076.5 51,345.00 69,099.00 44 35,859 85,707 11,846.73

Median rent (dollars) 1,401.07 1,403 1,312.00 1,508.50 44 963 1,746 166.83

Unemployed (%) 6.84 6.94 5.92 7.74 44 4.2 10.08 1.38

Living below 150% poverty line (%) 28.29 27.23 21.96 33.94 44 13.89 52.84 8.63

Working class (%) 60.77 63.11 53.65 67.49 44 38.68 77.14 9.19

Education index 1,352.4 1,357.72 1,313.92 1,397.16 44 1,188.21 1,473.17 57.84

>1 occupants per room 1,720.86 1,269.5 811.50 2,114.50 44 256 6,532 1,465.32

White residents (%) 37.24 34.6 21.61 57.27 44 1.76 73.7 20.11959

Hispanic residents (%) 27.06 24.6 16.17 36.43 44 5.1 63.06 15.52

Total tests/population (%) 0.86 0.82 0.69 1.04 44 0.48 1.36 0.25

Positive tests/total tests (%) 0.56 0.57 0.48 0.62 44 0.35 0.73 0.09

Quartile 3

Median household income (dollars) 76,926.23 71,648 61,548.00 86,058.00 43 39,207 250,001 30,767.51

Median rent (dollars) 1,620.84 1,550 1,392.00 1,700.00 43 1,186 3,501 395.04

Unemployed (%) 5.39 5.43 4.42 6.18 43 3.15 8.04 1.07

Living below 150% poverty line (%) 20.43 19.95 13.92 25.63 43 5.49 39.13 8.02

Working class (%) 54.25 56.09 48.97 61.50 43 24.87 86.58 13.17

Education index 1,399.53 1,406.12 1,376.73 1,437.56 43 1,211.08 1,564.23 66.88

>1 occupants per room 1,649.23 868 440.00 2,376.00 43 34 8,451 1,835.46

White residents (%) 51.84 52.71 37.66 70.92 43 2.32 93.78 24.28

Hispanic residents (%) 18.99 14.91 9.58 22.70 43 4.9 75.49 13.55

Total tests/population (%) 0.95 0.94 0.73 1.14 43 0.45 2.39 0.33

Positive tests/total tests (%) 0.53 0.51 0.47 0.58 43 0.38 0.77 0.08

Quartile 4

Median household income (dollars) 115,455.7 110,625 91,936.00 127,506.00 45 71,225 246,813 33,086.37

Median rent (dollars) 2,194.69 2,174 1,730.00 2,472.00 45 607.14 3,394 630.37

Unemployed (%) 4.01 4 3.29 4.79 45 0.61 6.68 1.27

Living below 150% poverty line (%) 13.16 11.93 8.96 17.38 45 3.14 36.91 6.18

Working class (%) 34.06 28.72 26.16 41.11 45 19.98 68.31 11.37

Education index 1,508.14 1,522.96 1,476.59 1,561.51 45 1,353.02 1,591.87 63.14

>1 occupants per room 834.64 665 334.00 1,064.00 45 25 4,071 747.75

White residents (%) 72 73.94 63.14 81.67 45 38.86 95.42 13.09

Hispanic residents (%) 12.18 10.9 6.94 15.12 45 1.12 44.27 7.26

Total tests/population (%)a 0.96 0.94 0.75 1.08 45 0.53 1.75 0.28

Positive tests/total tests (%) 0.42 0.42 0.37 0.46 45 0.25 0.63 0.08

Note: The education index was calculated on the population ≥25 years and is a weighted combination of the percentage of high school graduates,
high school only, and more than high school, with a greater value indicating higher educational attainment.
aTotal tests/population (%): Test per 100 persons.
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Figure 1. Spatial distribution of the proportion of total tests/population (%) (top-left), positive tests/total tests (%) (middle-left), SES
index (top-right), proportion white race alone (bottom-right), and Hispanic proportion (bottom-middle) across NYC. Proportion total
tests/population (%) displayed in hundreds of residents.
NYC, New York City.
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Table 2. Predictors of Total Number of Tests and Positive Tests

Outcome

Total testsa Positive tests/total testsb

b SE p-value b SE p-value

Intercept ‒4.92 0.06 <0.0001 58.94 0.05 <0.0001
White alone proportion 0.004 0.001 0.0032 ‒0.003 0.0006 <0.001
Hispanic proportion 0.0008 0.001 0.5617 ‒0.00001 0.0007 0.9482

SES indexc ‒0.0007 0.001 0.6077 ‒0.0016 0.0007 0.0159

Note:Models were adjusted for all variables listed.
aPoisson regression performed, adjusted with a Pearson scaling factor to correct for overdispersion, log(population) used as an offset.
bPoisson regression performed.
cThe SES index was constructed from principal component analysis of 2018 American Community Survey estimates of median household income in
the past 12 months, median gross rent, percent living below 150% of the poverty line, education, percent working class, percent unemployed, >1
occupants per room. The education index was calculated on the population ≥25 years and is a weighted combination of the percentage high school
graduate, high school only, and more than high school, with a greater value indicating higher educational attainment.
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Despite recommendations for widespread testing and
the potential option for free testing, this does not ensure
that the entire population will be tested, nor does it guar-
antee the quantity and quality of testing kits necessary
for widespread testing.18 If the disparities identified in
this analysis continue to persist, this necessary testing
may not be administered to an adequate degree in all
ZCTAs within NYC, hindering overall efforts to prevent
a second outbreak of COVID-19 while putting thou-
sands at risk of infection.

Limitations
One limitation of this analysis is that Census data poten-
tially under represent noncitizens, which would influence
the SES index measures and the racial composition of
each ZCTA. This highlights the fact that the provisions of
HR 6201 do not extend to noncitizens, and thus an
already vulnerable population would not have access to
free testing. There are no assurances that undocumented
immigrants would have any protections if they seek to be
tested. In addition, it is important to consider that the
data used in these analyses are not individual-level but
instead aggregate ZCTA-level data, which limits the abil-
ity to draw individual-level conclusions. For instance, the
authors cannot comment on the interaction between
being nonwhite and of low SES on the likelihood of test-
ing or of a positive test, knowledge that would help to
identify the most vulnerable populations. This study was
ecological in nature and there are more individual-level
factors that may influence COVID-19 testing that could
not be taken into account here. Taken together, these
results suggest that testing was not planned or imple-
mented according to needs in NYC, and that testing poli-
cies may need to be revisited and more resources devoted
to lower-SES communities to minimize loss of life, retain
the ability of essential working-class individuals to pro-
vide vital services and contribute to the economy, and
eventually stop this pandemic.
September 2020
CONCLUSIONS

This analysis identifies disparities in those being tested
and suggests a gap in COVID-19 response policy, as well
as the need for widespread testing and public health out-
reach to the most vulnerable populations of NYC. This
is essential to stop the pandemic and reopen the econ-
omy in NYC. Future studies should focus on the reasons
why these disparities in testing occurred; focus groups
among residents of low-SES areas could help define if
barriers to testing exist and generate suggestions on how
to address such obstacles.
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