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Associations Between Built Environment,
Neighborhood Socioeconomic Status,
and SARS-CoV-2 Infection Among
Pregnant Women in New York City
The built environment is associated with infectious disease
dynamics, particularly in diseases transmitted by contact,
aerosols, or droplets.1,2 A recent study of the ongoing severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) epi-

demic in New York revealed
significant differences in
hospitalization and death
rates among the city’s bor-

oughs, with the highest rates in Queens and the Bronx.3 To
our knowledge, no studies have investigated associations

between the built environment, markers of neighborhood
socioeconomic status, and SARS-CoV-2 transmission. We lev-
eraged a universal testing program for SARS-CoV-2 in preg-
nant women to examine associations between these factors
and SARS-CoV-2 prevalence.

Methods | We conducted a cross-sectional study of New York City
residents delivering at NewYork–Presbyterian/Columbia Uni-
versity Irving Medical Center or Allen Hospital after implemen-
tation of universal SARS-CoV-2 nasopharyngeal quantitative re-
verse transcriptase–polymerase chain reaction testing at the time
of admission to the labor and delivery unit from March 22
through April 21, 2020. We linked patients to demographic and
socioeconomic data from the US Census Bureau’s American
Community Survey,4 a national survey with detailed demo-
graphic, socioeconomic, and housing data, and to real estate tax
data from New York’s Department of City Planning.5 We ab-
stracted building-level variables, including number of residen-
tial units per building and mean assessed value (per square foot),
and neighborhood-level variables, including median house-
hold income, poverty rate, unemployment rate, population den-
sity, household membership (persons per household), and
household crowding (percentage of households with >1 per-
son per room). Neighborhood was defined using New York City
neighborhood tabulation areas, which divide the city into 195
districts, with at least 15 000 residents each.4

We fit bivariable logistic regression models with cluster ro-
bust standard errors, modeling exposures as continuous in-
dependent variables. Because odds ratios (ORs) associated with
a 1-unit change in independent variables can be difficult to in-
terpret, we used these models both to estimate interdecile
ORs—ie, the relative odds of SARS-CoV-2 infection for indi-
viduals at the 90th percentile of an independent variable rela-
tive to those at the 10th percentile—and to predict probabili-
ties (and 95% CIs) of SARS-CoV-2 infection at the 10th and 90th
percentiles of the independent variable distribution. Analy-
sis was performed using Stata/MP version 16.0 (StataCorp).
Two-sided P < .05 was considered significant. This study was
exempted from informed consent and approved by the
Columbia University institutional review board.

Results | We identified 434 New York City residents who
were tested for SARS-CoV-2. Of the 396 patients (91%) linked
to buildings and neighborhoods in the city, 71 (17.9%)
were infected with SARS-CoV-2. Cohort characteristics
are tabulated in the Table. The likelihood of SARS-CoV-2 var-
ied substantially across measures of built environment and

Table. Cohort Characteristics

SARS-CoV-2 status

P valueNegative (n = 325) Positive (n = 71)
Maternal age, median (IQR), y 31.0 (27.0-35.0) 27.0 (24.0-32.0) <.001a

Gestational age, median (IQR), wk 39.0 (38.1-39.7) 39.0 (37.4-39.7) .63a

Gravidity (IQR) 2 (1-4) 2 (1-3) .04a

Parity (IQR) 1 (0-1) 0 (0-1) .37a

Hypertension, No. (%)b 26 (8.0) 7 (9.9) .61c

Diabetes, No. (%)b 18 (5.5) 2 (2.8) .34c

Abbreviations: IQR, interquartile
range; SARS-CoV-2, severe acute
respiratory syndrome coronavirus 2.
a P value based on linear regression

with cluster robust standard errors.
b Both pregestational and gestational

conditions included.
c P value based on logistic regression

with cluster robust standard errors.
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neighborhood socioeconomic status (Figure). The lowest prob-
ability of infection was estimated for women living in build-
ings with very high assessed values (8.2% [95% CI, 1.2%-
15.2%]) and the highest was for those residing in neighborhoods
with high household membership (23.9% [95% CI, 18.4%-
29.4%]). Odds of infection were lower among women living in
buildings with more residential units (interdecile OR, 0.34 [95%
CI, 0.16-0.72]) and higher assessed values (interdecile OR, 0.29

[95% CI, 0.10-0.89]) and in neighborhoods with higher me-
dian incomes (interdecile OR, 0.32 [95% CI, 0.12-0.83]). Odds
of infection were higher among women residing in neighbor-
hoods with high unemployment rates (interdecile OR, 2.13
[95 CI, 1.18-3.83]), large household membership (interdecile
OR, 3.16 [95% CI, 1.58-6.37]), and greater household crowding
(interdecile OR, 2.27 [95% CI, 1.12-4.61]). There was no statis-
tically significant association between SARS-CoV-2 infection

Figure. Built Environment and Neighborhood Socioeconomic Factors Associated With SARS-CoV-2 Infection Among Pregnant Women
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Values plotted against the probability of identifying severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) infection at universal testing. Solid lines
indicate the predicted probability of infection from bivariable logistic regression
models; shaded areas, 95% confidence bands. For each independent variable,
circles are plotted at the mean values of the women residing in 10 equal-width
bins. The circle size is proportionate to the number of women within each bin.
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panels. Interdecile range indicates 10th and 90th percentiles. The probability
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percentile of each independent variable was predicted from the regressions
shown in each panel.

Letters

jama.com (Reprinted) JAMA July 28, 2020 Volume 324, Number 4 391

© 2020 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 04/22/2021

http://www.jama.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2020.11370


and population density (interdecile OR, 0.70 [95% CI, 0.32-
1.51]) or poverty rate (interdecile OR, 2.03 [95% CI, 0.97-
4.25]). Neighborhood-level variables were moderately to highly
correlated (r = 0.66-0.83).

Discussion | In this study, SARS-CoV-2 transmission among preg-
nant women in New York City was associated with neighbor-
hood- and building-level markers of large household mem-
bership, household crowding, and low socioeconomic status.
These data may aid policy makers in the design of interven-
tions to reduce the spread of SARS-CoV-2. A key strength of
this study was the use of a universally tested population, which
allowed for ascertainment of asymptomatic cases among a de-
fined at-risk population. Limitations of the study include that
the findings may not apply to other populations given the
unique demographic, physiologic, and social features of preg-
nant women. Additionally, the small sample size and high de-
gree of correlation between neighborhood-level variables pre-
cluded multivariable analysis. Nonetheless, this study provides
empirical support for the hypothesis that variation in the ur-
ban environment may be an important social determinant of
SARS-CoV-2 transmission.
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SARS-CoV-2 Positivity Rate for Latinos
in the Baltimore–Washington, DC Region
The black community has been disproportionally affected
by the coronavirus disease 2019 (COVID-19) pandemic
in the US.1 Emerging data highlight sharp increases in

cases within the Latino com-
munity.1,2 We analyzed tem-
poral trends in positivity rates
for severe acute respiratory

syndrome coronavirus 2 (SARS-CoV-2) in the Baltimore–
Washington, DC region by race/ethnicity.

Methods | Samples were collected between March 11, 2020, and
May 25, 2020, from 5 hospitals, including emergency depart-
ments, and 30 outpatient clinics that are part of the Johns
Hopkins Health System (JHHS). SARS-CoV-2 testing inclu-
sion criteria broadened over time (ie, initially high-risk indi-
viduals only and then all symptomatic patients) as local ca-
pacity increased but was standardized across JHHS sites.
Samples collected via nasopharyngeal swabs were analyzed
using SARS-CoV-2 reverse transcriptase–polymerase chain re-
action. Data on patient demographics, comorbidities, SARS-
CoV-2 status, and hospitalization were extracted from the in-
tegrated electronic health record system.

Patients self-identified race/ethnicity from fixed catego-
ries. Racial/ethnic groups were considered mutually exclu-
sive; ie, Latinos were excluded from other groups (white, black,
other) regardless of reported race. Those who self-reported
American Indian, Alaska Native, Asian American, Native Ha-
waiian, Pacific Islander, or multiracial were grouped as “other.”

Temporal trends in daily positivity rates (7-day moving av-
erage; number positive/number tested over the date and pre-
ceding 6 days) and testing volumes stratified by race/
ethnicity were evaluated. Total rates of SARS-CoV-2 positivity,
hospitalization, and categorical patient characteristics were

Related articles pages 388 and
390

Letters

392 JAMA July 28, 2020 Volume 324, Number 4 (Reprinted) jama.com

© 2020 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 04/22/2021

mailto:am5195@cumc.columbia.edu
mailto:am5195@cumc.columbia.edu
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2020.11370?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2020.11370
https://dx.doi.org/10.1098/rstb.2017.0245
https://jamanetwork.com/journals/jama/fullarticle/10.1001/archinternmed.2011.313?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2020.11370
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2020.7197?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2020.11370
https://www1.nyc.gov/site/planning/data-maps/open-data/dwn-acs-nta.page
https://www1.nyc.gov/site/planning/data-maps/open-data/dwn-acs-nta.page
https://www1.nyc.gov/site/planning/data-maps/open-data.page
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2020.11366?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2020.11374
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2020.11370?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2020.11374
http://www.jama.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2020.11374

