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A bivariate choropleth map that visualizes zip code-level data on household internet access and COVID-19 vaccination in New York City. The map identifies zip
codes where the greatest disparities exist. Most disparities are in the Bronx and Brooklyn. This information could be used to place appointment-free vaccination
sites in the short term and augment digjtal education and broadband internet access in the long term. Data on internet access were retrieved from NYC Open Data
on April 7, 2021. Vaccination data were retrieved from the New York City Department of Health and Mental Hygiene on April 7, 2021.
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Background

Although COVID-19 is a communicable disease, for many people
it could also be a chronic disease (1). In New York City, COVID-
19 has had a greater effect on older populations, people living in
the outer boroughs of the city’s 5 boroughs (eg, the Bronx, Brook-
lyn, and Queens, compared with Manhattan), people living in
poverty, and racial/ethnic minority populations (2). The availabil-
ity of a COVID-19 vaccine can lessen the effect of the disease on
these populations. As of this writing (April 15, 2021), people in
New York City had to schedule an appointment to be vaccinated
(3), with certain exceptions (4). Many New Yorkers who wanted
to be vaccinated were not able to secure appointments, in part be-
cause the supply of COVID-19 vaccine was limited (5). Many
public health and health care providers use online systems to
schedule appointments; as a result, lack of internet access has been
suggested as a potential barrier to vaccination (6). We created a
map to visualize the community-level distribution of household in-
ternet access and COVID-19 vaccination in New York City.

Data and Methods

We obtained estimates of the percentage of households lacking in-
ternet access, by zip code, from NYC Open Data (7). Data on in-
ternet access were collected by the 2018 5-year American Com-
munity Survey. According to NYC Open Data, the American
Community Survey frames this question as having “No access to
the internet at this house, apartment, or mobile home.”

We obtained data on zip code—level percentages of adult residents
who received at least 1 COVID-19 vaccine dose from the New
York City Department of Health and Mental Hygiene website (8).
The vaccination data were obtained from the Citywide Immuniza-
tion Registry. According to the source data table, “People with at
least one dose have received at least one dose of two-dose vaccine
series or a single dose shot.”

We calculated via simple linear regression the association between
the percentage of households without internet access and the per-
centage of adult residents with at least | COVID-19 vaccine dose.
Internet access and vaccination data were available for all popu-
lated (n = 177) modified zip code tabulation areas in New York
City (9). We then classified zip codes into 3 internet-access
quantiles (tertiles) and 3 COVID-19 vaccination quantiles and
visualized them via a bivariate choropleth map (10). We de-
veloped the map in R version 4.0.4 (R Foundation for Statistical
Computing) by using the tidyverse (11), sf (12), biscale (13), and
cowplot (14) packages. All data were retrieved on April 7, 2021.

Highlights

Among zip codes in New York City, the median percentage of
households without internet access was 15.5% (SD, 6.7%), ran-
ging from 0% (zip code 10282, Battery Park City, Manhattan) to
32.4% (zip code 10454, Mott Haven/Port Morris, the Bronx). The
median percentage of adults that received at least 1 dose of
COVID-19 vaccine was 38.2% (SD, 10.0%), ranging from 21.9%
(zip code 11691, Edgemere/Far Rockaway, Queens) to 75.0% (zip
code 11697, Breezy Point, Queens). In the simple linear regres-
sion model, the percentage of households without internet access
was negatively associated with the percentage of adult residents
who received at least 1 dose of COVID-19 vaccine (B =-0.92; 95
CI, —1.09 to —0.75; intercept = 53.7%; P < .001, adjusted R*> =
0.38) (Figure). Most disparities were in the Bronx and Brooklyn.
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Figure. Association in New York City, at the zip code level, between the
percentage of households without internet access and the percentage of adult
residents with at least 1 COVID-19 vaccine dose. Each point represents 1 zip
code. The dashed line represents a simple linear regression model, and the
shaded area indicates 95% Cls. Linear regression summary: = -0.92; 95 Cl,
-1.09 to —-0.75; intercept = 53.7%; P < .001; adjusted R2 = 0.38. Data
sources: New York City Department of Health and Mental Hygiene (8), NYC
Open Data (7). Data retrieved on April 7, 2021.

Action

COVID-19 vaccination was significantly associated with house-
hold internet access in New York City at the zip code level. Al-
though this association neither implies nor precludes causation,
and does not control for possible confounders, it is consistent with
the hypothesis that lack of internet access is a barrier to vaccina-
tion. Internet access is a known social determinant of health (15).

Disparities in internet access exist across multiple socioeconomic
dimensions and disproportionately affect low-income neighbor-
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hoods (16). A digital health divide in the older population has
been widely documented (17). A study published in 2021 sugges-
ted that the digital health divide is associated with age, education,
income, and race/ethnicity (18).

To facilitate equitable and efficient COVID-19 vaccine uptake in
New York City, public health officials should establish
appointment-free vaccination sites, work with other agencies and
organizations to advocate for legal and policy approaches that in-
crease internet access (19), and increase access to in-person and
telephone-based services that provide assistance with vaccine ap-
pointment scheduling, especially in zip codes with low rates of in-
ternet access. Our map can be used to inform the placement of
such interventions. Because most disparities in internet access and
vaccination were in zip codes in the Bronx and Brooklyn, appro-
priate partners for public health officials in these areas include the
offices of the borough president, the borough-based New York
City Department of Health and Mental Hygiene Neighborhood
Health Action Centers, and borough-wide community-based or-
ganizations. More generally, we recommend that bivariate map-
ping be considered when selecting methods for comparing geo-
graphic distributions of health determinants and health outcomes.

The availability and accessibility of COVID-19 vaccine in New
York City has continued to improve. After this writing, home-
based vaccination, appointment-free walk-up vaccination sites,
mobile vaccination sites, and pop-up vaccination sites were estab-
lished (20).
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