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Abstract

Background: Given the interplay between race and comorbidities on COVID-19 morbidity and mortality, it is vital
that testing be performed in areas of greatest need, where more severe cases are expected. The goal of this
analysis is to evaluate COVID-19 testing data in NYC relative to risk factors for COVID-19 disease severity and
demographic characteristics of NYC neighborhoods.

Methods: COVID-19 testing and the racial/ethnic composition of NYC Zip Code Tabulation Areas (ZCTA) were
obtained from the NYC Coronavirus data repository and the American Community Survey, respectively. The
prevalence of neighborhood-level risk factors for COVID-19 severity according to the Centers for Disease Control
and Prevention criteria for risk of severe illness and complications from COVID-19 were used to create a ZCTA-level
risk index. Poisson regressions were performed to study the ratio of total tests relative to the total ZCTA population
and the proportion of positive tests relative to the total tests performed over time.

Results: From March 2nd-April 6th, the total tests/population (%) was positively associated with the proportion of
white residents (IRR,q;: 1.0003, 95% Cl: 1.0003-1.0004) and the COVID risk index (IRR,q;: 1.038, 95% Cl: 1.029-1.046).
The risk index (IRR,gj: 1.017, 95% Cl: 0.939-1.101) was not associated with total tests performed from April 6th-May
12th, and inversely associated from May 12th-July 6th (IRR,q;: 0.862, 95% Cl: 0.814-0.913). From March 2nd-April 6th
the COVID risk index was not statistically associated (IRR,q;: 1.010, 95% Cl: 0.987-1.034) with positive tests/total tests.
From April 6th-May 12th, the COVID risk index was positively associated (IRR,qj: 1.031, 95% ClI: 1.002-1.060), while
from May 12th-July 6th, the risk index was inversely associated (IRRyq;: 1.135, 95% Cl: 1.042-1.237) with positivity.

Conclusions: Testing in NYC has suffered from the lack of availability in high-risk populations, and was initially
limited as a diagnostic tool for those with severe symptoms, which were mostly concentrated in areas where
vulnerable residents live. Subsequent time periods of testing were not targeted in areas according to COVID-19
disease risk, as these areas still experience more positive tests.
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Background

The clinical syndrome caused by Coronavirus (COVID-
19) continues to be a global problem that requires a
comprehensive and evolving public health strategy.
There are currently 33 million confirmed cases and
roughly 591,000 confirmed deaths in the US from
COVID-19, as of June 2021 [1]. Since the first docu-
mented case in New York City (NYC) on March 1st,
NYC became the epicenter of the infection and of mor-
tality in the US [2]. Only recently have public health ef-
forts of curbing transmission obtained some measurable
success. However, the rampant number of cases and
deaths in March through May was partly a consequence
of lack of widespread COVID-19 testing, which was im-
plemented relatively late and at a very slow pace. In
March through early May, the New York City Depart-
ment of Health (NYCDOH) discouraged those with mild
and moderate symptoms from being tested [3]. In Febru-
ary, some initial test kits from the CDC were reported to
have inadequate negative controls, and these test kits
were not reliable [4]. Within NYC, all tests reported by
the NYCDOH rely on the polymerase chain reaction
(PCR) test to confirm COVID-19 infection [4]. Addition-
ally, there was a slow adoption of non-pharmaceutical
interventions and lockdowns throughout the US and
NYC, including increased protections for vulnerable
populations, inadequate or delayed implementation of
masks, and social distancing guidelines [5, 6]. While test-
ing should be performed to inform contact tracing in
order to prevent COVID-19 spread, it was initially uti-
lized as a diagnostic tool due to lack of personnel and
testing infrastructure. Therefore, testing was initially not
utilized for contact tracing, and a lack of tests and un-
clear guidelines led to testing being performed only in
cases presenting with likely symptoms.

Throughout the United States, it has been noted that
racial health disparities exist with respect to COVID-19
infection, morbidity, and mortality rates [7—12]. In gen-
eral, people of color and ethnic minorities are dispropor-
tionately more likely to belong to lower socioeconomic
sections of the population, face economic inequality,
have wunderlying health conditions that influence
COVID-19 outcomes, have diminished access to health-
care, potentially live in more crowded areas, and repre-
sent a larger proportion of essential workers [7]. Current
data in New York State (NYS) suggests that Hispanic
and black populations have higher morality [13], and in
NYC specifically, have higher age-adjusted rates of non-
hospitalized, hospitalized-non fatal, and hospitalized fatal
COVID-19 cases than white residents [13].

The role of comorbidities in the clinical course and
outcomes of COVID-19 infections have been discussed
and documented globally [14], in the US as a whole [15],
and in New York [16]. One study encompassing all
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COVID-19 patients in NYS commented that asthma,
hypertension and diabetes were the most commonly pre-
sented comorbidities [16]. A retrospective analysis of pa-
tients from NYC and the greater NYC area indicated
that 88% of hospitalized COVID-19 patients had >1 co-
morbidity, and that obesity, diabetes, and hypertension
were common in this sample, although race was not
taken into account in the analysis [17]. Given the nega-
tive effect of comorbidities on COVID-19 morbidity and
mortality, it is vital that COVID-19 testing and early de-
tection be performed in areas of greatest need where the
prevalence of comorbidities is high.

In order to study if testing was administered effectively
and in areas of need in NYC, such as those areas where
the most vulnerable subjects live, we analyzed prevalence
testing data provided by the NYCDOH at three-time in-
tervals: March 2nd to April 6th, April 6th to May 12th,
and May 12th to July 6th, and examined this in conjunc-
tion with data on the geographic distribution of risk fac-
tors for COVID-19 severity in NYC. The objectives of
this analysis are: 1) to determine changes in the distribu-
tion of COVID-19 tests, COVID-19 positive tests, the
proportion of the cumulative COVID-19 tests performed
relative to the total Zip Code Tabulation Area (ZCTA)
population, as well as the proportion of positive / total
tests according to ZCTA over time, 2) determine if test-
ing and positive testing was associated with the presence
of COVID-19 risk factors according to ZCTA, and if this
association changed over time. We hypothesized that
testing originally was not performed in areas of greatest
need, but has shifted to accommodate this need.

Methods

This was an ecological study of COVID-19 prevalence
testing and neighborhood characteristics with a cross-
sectional analysis at three time points: March 2nd to
April 6th, April 6th to May 12th, and May 12th to July
6th. The first window represents the time when the first
COVID-19 case was recorded in New York and includes
the following month encompassing the first fatalities,
closures of schools, bars, restaurants, and the beginning
of non-essential workers staying home [6]. The next
period represents the extension of widespread closures
and home-orders by the Governor and extended re-
sponses to COVID-19. The last period ending on July
6th represents when Phase 3 of reopening started in
NYC. The main outcomes of this study were the ratio of
the cumulative COVID-19 tests performed relative to
the total ZCTA population and the proportion of posi-
tive tests per number of tests, measured during these
time windows. The main predictor of interest was the
COVID severity risk at the ZCTA level. There were 177
ZCTAs in NYC reporting COVID-19 testing data.



Lieberman-Cribbin et al. BMC Public Health (2021) 21:1717

COVID severity risk index

Risk factors in this analysis were selected according to
the CDC criteria for risk of severe illness and complica-
tions from COVID-19 [18], as described and imple-
mented previously [19-21]. NYC census-tract level
estimates of various comorbidities were downloaded
from the 500 Cities Project [22] and the 2017 Behavioral
Risk Factor Surveillance System (BRFSS) [23]. Liver dis-
ease was approximated through hepatitis B and hepatitis
C prevalence (2017 Communicable Disease Surveillance
Data [24]), and alcohol related hospitalizations (New
York State’s hospital discharge database [25]). Birth rates
were downloaded from the New York City Department
of Mental Health and Hygiene, while the New York City
Environment and Health Data Portal [26] was queried
for rates of heart attacks. Information on age, race, and
ethnicity were downloaded from 2018 American Com-
munity Survey 5-year estimates [27]. All data were con-
verted to ZIP code, using census [28] and NYC DOH
[29] crosswalks. Each risk factor had full coverage across
NYC, with the exception of the birth rate, Hepatitis B,
and Hepatitis C variables, which were missing for 5
ZCTAs that were excluded from this analysis. Across all
ZCTAs, each risk factor was scored from 1 to 4 based
on quartiles, where higher scores represent higher preva-
lence. Individual scores were summed across risk factors
to create an overall risk score for each ZCTA, with
higher values corresponding to areas with greater risk.
The overall risk score was analyzed in quartiles for all
NYC ZCTAs.

COVID-19 tests by Zip Code Tabulation Area

The number of COVID-19 tests performed and the
number of positive COVID-19 tests were downloaded
from the NYC Coronavirus (COVID-19) data repository
hosted by the NYCDOH over three time periods: March
2nd to April 6th, April 6th to May 12th, and May 12th
to July 6th. The data repository began on March 2nd.
The COVID-19 positive test prevalence, COVID-19 test
prevalence, the risk index, and the racial and ethnic
composition by ZCTA were geographically mapped.

Statistical analysis

The geographic unit of analysis was the ZCTA and test-
ing data refers to person’s ZCTA of residence. Wilcoxon
rank-sum tests were performed to assess differences in
risk index components, racial composition, Hispanic
composition, positive tests, and total tests according to
risk index quartiles across NYC ZCTAs. Univariate and
multivariable Poisson regressions were performed to
predict the ratio of the cumulative tests performed rela-
tive to the total ZCTA population utilizing the risk
index, the median age, and the racial and ethnic com-
position at the ZCTA level as predictors. This was
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performed for time windows from March 2nd to April
6th, April 6th to May 12th, and from May 12th to July
6th. In these models a Pearson scaling factor was used
to correct for overdispersion, and a log (population)
term was used as an offset. Poisson regression was also
performed to predict the proportion of positive tests per
total number of tests performed according to the risk
index, with the median age, and the racial and ethnic
composition of the ZCTA as predictors for the same
time windows. Predictors were rescaled to units of 10
for these models. All tests of statistical significance were
two sided, at a=0.05. All analyses were performed in
SAS v9.4 and RStudio v1.4.1106.

Results

COVID severity risk index

There were statistically significant increases (p < 0.05) in
the prevalence of many risk factors (asthma, kidney dis-
ease, hypertension, heart disease, obesity, COPD, dia-
betes, Hepatitis C, Hepatitis B, residents aged >65 years,
birth rate, alcohol hospitalizations, Hispanic residents)
across risk index quartiles (Table 1). However, the pro-
portion white residents (p < 0.0001) decreased, and the
prevalence of cancer (excluding skin cancer) (p = 0.1333)
and the median age (p = 0.1326) were similar across risk
quartiles.

Geography of COVID-19 testing

The distribution of total tests/population and positive
tests/total tests in each time window were mapped
according to ZCTA, as well as the risk index and the
racial and Hispanic proportion (Fig. 1). From March
2nd to April 6th, the ratio of total tests / population
was similar (p =0.5947) and the proportion of positive
tests / total tests (p <.0001) increased across increas-
ing quartiles of the risk index (Fig. 2). From April 6th
to May 12th, the ratio of total tests / population
(p< 0.0001) and the proportion of positive tests /
total tests (p< 0.0001) increased across increasing
quartiles of the risk index. From May 12th to July
6th, the ratio of total tests / population (p < 0.0001)
slightly decreased and the proportion of positive tests
/ total tests (p< 0.0001) increased across increasing
quartiles of the risk index.

Analyzing COVID-19 testing

In the time frame from March 2nd to April 6th, the
ratio of total tests/population significantly increased
with the increasing proportion of white residents in
the ZCTA (IRR,y: 1.0003, 95% CI: 1.0003—1.0004),
Hispanic composition (IRR,q;: 1.0001, 95% CI:
1.0001-1.0002), median age of the ZCTA (IRR.g;:
1.0007, 95% CI: 1.0005-1.0009) and the risk index
(IRR,4j: 1.038, 95% CI: 1.029-1.046) (Table 2). From
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Table 1 COVID risk index components, median age, and the racial and Hispanic composition of NYC ZCTAs according to quartiles
of the risk index

Variable Quartile 1 (lowest risk score; Quartile 2 Quartile 3 Quartile 4 (highest risk score;  p-
21.46-40.26) (40.27-48.15) (48.16-55.01) 55.02-73.84) value
mean (SD) mean (SD) mean (SD) mean (SD)

Median age (years) 354 (3.31) 37.64 (3.87) 36.71 (4.26) 36.73 (6.23) 0.1326

Proportion white residents 66.68 (15.40) 45.89 (21.26) 36.78 (23.53) 32.21 (26.81) <

(%) 0.0001

Proportion Hispanic residents 17.12 (12.40) 29.13 (18.53) 25.67 (18.82) 3452 (22.98) 0.0004

(%)

Obesity prevalence (%) 17.87 (5.01) 2231 (4.24) 26.53 (4.69) 29.72 (5.98) <

0.0001

Kidney disease prevalence 2.17 (0.49) 2.84(0.27) 3.2 (0.26) 3.67 (048) <

(%) 0.0001

Hypertension prevalence (%) 20.36 (4.00) 2643 (2.15) 30.37 (3.13) 3360 (341) <

0.0001

Heart Disease prevalence (%) 3.75 (1.01) 525 (042) 5.76 (0.59) 6.49 (0.81) <

0.0001
Diabetes prevalence (%) 6.87 (2.27) 1048 (1.58) 11.78 (1.40) 13.13 (2.17) <

0.0001
COPD prevalence (%) 378 (1.11) 5.17 (0.62) 6.04 (0.72) 6.75 (0.90) <

0.0001

Cancer (except skin) 502 (1.14) 549 (1.03) 5.55 (0.94 579 (1.53) 0.1333

prevalence (%)

Asthma prevalence (%) 846 (0.74) 8.92 (0.95) 10.11 (1.34) 10.80 (1.26) <

0.0001

Alcohol Hospitalizations 1.71 (1.02) 1.36 (0.56) 1.51 (0.77) 226 (1.20) 0.0005

Prevalence (%)

Birth rate (%) 1.25(0.37) 1.16 (0.32) 1.26 (0.32) 130 (0.23) 0.0325

Hepatitis C prevalence (%) 0.05 (0.02) 0.05 (0.01) 0.05 (0.01) 0.08 (0.03) <

0.0001

Hepatitis B prevalence (%) 0.06 (0.07) 0.09 (0.09) 0.08 (0.07) 0.07 (0.04) <

0.0001
Proportion 2 65 years old (%) 12.3 (4.7) 14.88 (4.09) 14.51 (3.72) 15.73 (5.95) 0.0378

The racial and Hispanic composition of each ZCTA were obtained from the 2018 American Community Survey 5-year estimates. Unless otherwise noted, all
variables are reported per hundreds of residents. Each variable was measured at the ZCTA level

April 6th to May 12th and May 12th to July 6th,
there were no significant association between the pro-
portion of white residents or the Hispanic compos-
ition with testing, and a positive and statistically
significant association with the median age of the
ZCTA From April-May (IRR,g: 1.005, 95% CI:
1.003-1.007) and May-July (IRR,q;: 1.004, 95% CI:
1.002-1.005). Increasing risk index quartiles was posi-
tively associated with testing from March—April
(IRR,qg;: 1.038, 95% CI: 1.029-1.046), not significant
from April-May (IRR,g;: 1.017, 95% CI: 0.939-1.101),
and inversely associated with testing from May-July
(IRR,qg;: 0.862, 95% CI: 0.814-0.913). In the time
frame from March 2nd to April 6th, the white pro-
portion, Hispanic proportion, and risk index (IRR,g;:

1.010, 95% CI: 0.987-1.034) were not significantly as-
sociated with the ratio of positive tests to total tests
in the ZCTA. From April 6th to May 12th, an in-
creasing median age (IRR,q: 1.001, 95% CI: 1.001-
1.002) and the risk index (IRR,q: 1.031, 95% CI:
1.002-1.060) were statistically significantly associated
with increasing positive testing. From May 12th to
July 6th, the risk index remained significantly associ-
ated (IRR,g;: 1.135, 95% CI: 1.042—-1.237) with positive
testing.

Discussion

This analysis comments on spatial and temporal vari-
ation in NYC COVID-19 testing across multiple time-
frames. Here we report that roughly 10days after the
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Fig. 1 Distribution of the testing prevalence per 100 residents from March 2nd to April 6th (top-left), April 6th to May 12th (top-center), and from
May 12th to July 6th (top-right), positive test prevalence per 100 tests from March 2nd to April 6th (middle-left), April 6th to May 12th (middle-
center), and from May 12th to July 6th (middle-right), quartiles of the COVID severity risk index (bottom-left), the proportion white residents
(bottom-center), and the Hispanic composition (%) (bottom-right) across New York City Zip Code Tabulation Areas. Proportion total tests /
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complete shutdown of NYC and NYS, COVID-19 testing
was performed in areas with increased risk of COVID
severity and in areas with a greater white racial compos-
ition and Hispanic composition. This reflects how initial
NYCDOH testing was recommended in cases presenting
with severe symptoms of COVID-19, due to testing
shortages. Therefore, this result is an indirect measure
of the prevalence of serious symptoms and disease in the
population, as it is used as a diagnostic test rather than a
preventative tool [3]. Certain barriers to testing likely
existed, such as access to testing, financial means to pay
for testing, and insurance type, so disparities in testing
existed [30, 31]. From April 6th to May 12th, testing was
not focused in these at-risk areas, where a large number
of residents report numerous comorbidities and pre-
existing conditions, and instead became more wide-
spread rather than targeted to those who presented with
severe symptoms. The proportion of positive tests was
also higher from April 6th to May 12th in NYC ZCTAs
with the greatest risk, supporting the notion of further
performing widespread testing in these geographic areas
of need. The continuation of this trend is represented in

the May 12th to July 6th period, where testing became
even more available and widespread.

Previous literature has emphasized geographic variation
in COVID-19 tests, hospitalizations and deaths across
NYC, although this information was analyzed by borough
[8]. While this existing analysis is important, a finer geo-
graphic unit of analysis is needed as NYC boroughs are
highly heterogeneous, and COVID-19 testing vulnerability
is not uniformly distributed. The same can be also said
about the population characteristics, as socioeconomic
status, income, and education are notably heterogeneous
at the borough-level and vary greatly by ZCTA.

Despite the observation that more COVID-19 tests
overall were recently performed and extended to resi-
dents of vulnerable areas, there remain pockets of vul-
nerability in communities where testing has not
sufficiently increased, such as the Bronx, Queens, and
Brooklyn (Fig. 1). Another aspect to note is that racial
disparities in access to testing remain as of today, despite
the need for testing in communities that experience a
large number of essential workers living in crowded real-
ities [32].
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Limitations
One limitation of this analysis is that comorbidity in-
formation was collected in 2017 and 2016, although
this was the most recent public information available.
Five ZCTAs did not contain the full risk index infor-
mation and were excluded from this analysis. We
made the assumption that the prevalence of comor-
bidities has not changed significantly over a 3—4 year
period. If individual level data on comorbidities were
available, the most appropriate comorbidity index
could be employed [33]. This would avoid an eco-
logical fallacy, and future studies could provide
individual-level conclusions about comorbidies and
risk. The variables included in the risk index are self-
reported, and thus could represent an imprecise esti-
mate. Likewise, COVID testing data are also likely to
be affected by underreporting [34]. These were con-
tributing reasons why windows were chosen to
present prevalence of testing and positivity rather
than a single point in time.

This was an ecological study that utilized aggre-
gate ZCTA-level data, which limits the ability to
draw individual-level conclusions. For instance, we

cannot comment on the interaction between being
non-white and having a high risk index score on the
likelihood of testing or of a positive test, knowledge
that would help to identify most vulnerable popula-
tions. There are likely more individual level factors
that may influence COVID-19 testing that could not
be taken into account here. However, this analysis
attempts to monitor how NYC has addressed the
well-known disparities in COVID-19 testing, and
can inform the reasons why the decline in new
cases and hospitalization rates has been slower than
expected.

Conclusions

The results suggest that from April 6th to May 12th,
testing distribution in NYC has suffered from the lack
of availability of sufficient testing, and was limited as
a diagnostic tool in those with severe symptoms,
which were mostly concentrated in areas where vul-
nerable residents live, as these areas have higher pro-
portions of positive tests, comorbidities and pre-
existing conditions. Further periods of widespread
testing were still not targeted in areas according to
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Table 2 Predictors of testing prevalence and positive test prevalence over time
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Timeframe

White residents
(%)

Hispanic
composition (%)

Median age
(years)

COVID risk index
quartiles

Timeframe

White residents
(%)

Hispanic
composition (%)

Median age
(years)

COVID risk index

Total Tests / Population®

March 2nd to April 6th

IRRynaq; (95%
Confidence Limits)

1.0003 (1.0003-
1.0003)

0.999 (0.999-1.000)
1.001 (1.000-1.001)

1.002 (0.996-1.009)

IRR,q; (95%
Confidence Limits)

1.0003 (1.0003-
1.0004)

1.0001 (1.0001-
1.0002)

1.0007 (1.0005-
1.0009)

1.038 (1.029-1.046)

Positive Tests / Total Tests®

March 2nd to April 6th

IRR gy (95%

Confidence Limits)
1.000 (0.999-1.000)
1.000 (1.000-1.000)

0.999 (0.999-1.000)

1.056 (1.037-1.077)

IR, (95%

Confidence Limits)
0.999 (0.999-0.999)
1.000 (0.999-1.000)

0.999 (0.999-1.000)

1.010 (0.987-1.034)

April 6th to May 12th

IRRynac; (95%

Confidence Limits)
1.000 (0.999-1.000)
0.999 (0.999-1.000)

1.004 (1.002-1.006)

1.038 (0.971-1.109)

April 6th to May 12th

IRRunagj (95%

Confidence Limits)
0.999 (0.999-1.000)
1.001 (1.000-1.001)

1.000 (0.999-1.000)

1.108 (1.083-1.133)

IR, (95%

Confidence Limits)
0.999 (0.999-1.000)
1.000 (0.999-1.000)

1.005 (1.003-1.007)

1.017 (0.939-1.101)

IRR.q (95%

Confidence Limits)
0.999 (0.999-0.999)
1.000 (1.000-1.000)

1.001 (1.001-1.002)

1.031 (1.002-1.060)

May 12th to July 6th

IRRypaq; (95%
Confidence Limits)

1.0003 (1.0003-
1.0003)

0.999 (0.998-0.999)
1.004 (1.003-1.005)

0.834 (0.797-0.875)

May 12th to July 6th
IRR g (95%

Confidence Limits)
0.999 (0.999-0.999)
1.001 (1.001-1.002)

0.998 (0.997 - 0.999)

1.248 (1.164-1.338)

IR, (95%

Confidence Limits)
1.000 (0.999-1.000)
1.000 (0.999-1.000)

1.004 (1.002-1.005)

0.862 (0.814-0.913)

IR, (95%

Confidence Limits)
0.999 (0.998-0.999)
1.000 (1.000-1.000)

1.001 (0.998-1.003)

1.135 (1.042-1.237)

quartiles

Poisson regression performed, adjusted with a Pearson scaling factor to correct for overdispersion, log (population) used as an offset

PPoisson regression performed

Results shown for unadjusted and adjusted models. Models were adjusted for all variables shown. The total tests / population was calculated per hundred
residents. A larger risk index quartile represents higher risk. Results for white residents (%), Hispanic composition (%) and Median age are reported in units of 10.

IRR: incidence rate ratio

COVID risk, as areas at greater risk of COVID sever-
ity still experience more positive tests. To prepare for
continued waves of COVID-19 in NYC and mitigate
the transmission of COVID-19, continued widespread
diagnostic testing is needed, especially in vulnerable
and minority communities.
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