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Abstract

Vaccination is one of the most effective strategies to control the spread of COVID-19 and reduce morbidity and mortality;
however, rapid and equitable vaccine distribution is required to achieve such outcomes. We conducted a basic interrupted
time-series analysis to examine the short-term impacts of a citywide vaccine equity plan, the Protect Chicago Plus (PCP) plan.
We compared vaccine coverage in zip codes in Chicago with high COVID-19 vulnerability, as identified from the Chicago
COVID-19 Community Vulnerability Index, with coverage in all other zip codes in Chicago. From our analysis, we observed
that implementation of PCP coincided with reduced vaccination disparities between Chicago communities with low and high
vulnerability indexes over time. In our analysis of vaccination coverage before program implementation, vaccination coverage
climbed nearly twice as fast among non-PCP zip codes (0.19% per day) than among PCP zip codes (0.10% per day) or by
0.09 percentage points (P < .001). In model analysis after program implementation, zip codes prioritized for the program
had 0.42% additional coverage per day as compared with 0.27% per day for non-PCP zip codes. Our findings suggest that
such programs may improve vaccine equity, but additional research is needed to better understand the longer-term effects

of citywide vaccination strategies on vaccine uptake.
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The illness caused by SARS-CoV-2 (COVID-19) was
declared a pandemic in March 2020; by May 2022, >1 mil-
lion people in the United States had died of COVID-19.!2
The disease has not affected population groups uniformly;
rather, COVID-19 has disproportionately affected Black or
African American people, Indigenous people, and people
from other racial and ethnic minority groups, demonstrating
the effects of long-standing inequities in social determinants
of health, neighborhood traits, and underlying comorbidi-
ties.> For example, people from racial and ethnic minority
groups in urban settings are often employed in service occu-
pations that prevent work-from-home opportunities and
social distancing.*> Identifying characteristics that are asso-
ciated with increased risk of COVID-19, even if the risks are
not causally related, can assist in prioritizing communities
for vaccination.

Chicago recorded 244 230 positive COVID-19 cases from
March 13, 2020, through May 1, 2021, resulting in 4984
deaths.® Despite representing 28.5% and 28.8% of the city’s
total population, Black and Latinx populations represented
38.5% and 33.4% of deaths from COVID-19, respectively.®
Two highly effective COVID-19 vaccines received
Emergency Use Authorization in the United States in

December 2020, and a third vaccine received Emergency
Use Authorization in February 2021.7 Because COVID-19
vaccination is one of the most effective strategies to control
spread and reduce morbidity and mortality, rapid and equi-
table dissemination of the vaccine is necessary.?

The Chicago COVID-19 Community Vulnerability Index
(CCVI) identified communities that are uniquely vulnerable
to the adverse effects of COVID-19 by ranking 10 compo-
nents across 4 broader categories—sociodemographic
(3 components), epidemiologic (2 components), occupational
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(2 components), and cumulative COVID-19 burden (3 com-
ponents)—and by synthesizing results into a composite
score.>!® Chicago zip codes that received high CCVI scores
had low socioeconomic status, high rates of COVID-19 hos-
pital admission, and high rates of COVID-19 mortality.!! The
top quintile of CCVI scores comprises 13 zip codes, 6 of
which have a majority of Latinx residents and 7 of which
have a majority of Black residents, as shown by the 2015-
2019 American Community Survey 5-year estimates.!?

To reduce further inequities in COVID-19-related out-
comes, on January 25, 2021, Chicago announced Protect
Chicago Plus (PCP), a citywide plan for equitable vaccine
distribution.'® For the PCP program, the city of Chicago used
3 strategies to increase vaccine uptake in the top quintile of
CCVI zip codes (prioritized communities). First, the city
worked with each prioritized community to create a neighbor-
hood task force composed of diverse representatives to design
vaccine outreach and distribution strategies. Second, the city
worked with these groups to implement agreed-on strategies,
which included door-to-door vaccination outreach, call-in
lines, mobile clinics, distribution to homebound residents,
and other community-led vaccination events.!*!> As part of
the program, the city of Chicago also expanded vaccine eligi-
bility in PCP communities beyond what was outlined in the
city’s phased distribution plan, which included all residents
aged =18 years.'° Implementation of the program began
February 5, 2021, and eligibility was expanded on March 29,
2021, and was ongoing as of July 2022.

We provide an overview of Chicago’s COVID-19 vaccine
coverage during a 4-month period, from December 29, 2020,
through May 1, 2021. We focused on evaluating whether the
number of first-dose vaccinations improved in areas of
Chicago with high CCVI after implementation of the PCP
program. Specifically, we aimed to determine to what extent
PCP improved the uptake of COVID-19 vaccines among
communities with high CCVI as compared with all other
communities in Chicago.

Methods

The Ann & Robert H. Children’s Hospital Institutional
Review Board (2021-4755) reviewed the study, determined
that the research did not constitute human participant
research, and waived formal ethical review. We used pub-
licly available deidentified data, which included population
characteristics (age, race and ethnicity, socioeconomic sta-
tus, and worker occupation)'?; weekly COVID-19 case,
death, and testing counts by zip code!”; and daily first-dose
COVID-19 vaccination counts by zip code.'® The Chicago
zip code—level data used in our analysis are the most granular
COVID-19 information and are made publicly available by
the city. Press releases from the city of Chicago, related
media reports, and personal communication with municipal
public health personnel concerning the geographic scope,
rollout, and overall implementation of the city’s PCP

vaccination program also informed the periods evaluated in
our study.'®!?

We first aggregated socioeconomic and zip code—level
COVID-19 vaccination data by PCP status of the zip code,
designating zip codes that were prioritized and not prioritized
through the PCP program as PCP and non-PCP, respectively.
We then used these data to create a series of 2-way contin-
gency tables representing cumulative daily percentages of
first-dose COVID-19 vaccination coverage by PCP status for
residents aged =16 years. Altogether, we created 124 contin-
gency tables that compared vaccination coverage between
PCP and non-PCP zip codes for each day from December 29,
2020, through May 1, 2021. We then evaluated differences in
cumulative vaccination uptake between PCP and non-PCP
zip codes using rate ratios (ie, vaccination coverage in PCP
zip codes divided by a similar rate for non-PCP zip codes) and
a series of Pearson y? tests of independence. We made com-
parisons of the y? statistics with the corresponding critical
values using a df of 1 at the level of P < .05.

We then implemented 2 quasi-experimental basic inter-
rupted time series (ITS) models to assess the effects of the
PCP program before and after its implementation. We used
ITS as our statistical approach because it requires fewer con-
trols in the regression equation as compared with more con-
ventional multivariate regression models, allowing for
general inferences to be made about the program’s efficacy
with respect to 2 independent variables (time and program
start date).2>?2 ITS models use linear regression to estimate
coefficients that represent changes in slope between periods
before and after implementation of the PCP program, includ-
ing the shorter- and longer-term effects.

For our analyses, we used the modeled slope coefficient to
quantify the difference between the pre— and the post-PCP
implementation period with regard to vaccine distribution.
We made our analyses with some qualifications attributed to
the city’s COVID-19 vaccine distribution. Phase 1A of
Chicago’s vaccine distribution plan began December 15,
2020, with vaccine eligibility to all Chicago health care work-
ers; phase 1B began January 25, 2021, expanding vaccine
eligibility to all Chicago residents aged =65 years, essential
frontline workers, and residential workers (which included
caregivers and people working in non—health care residential
settings, such as homeless shelters and correctional facilities).
On February 5, 2021, the city of Chicago began implement-
ing the PCP program in selected communities and expanding
vaccine eligibility to all residents aged =18 years in priori-
tized zip codes. Phase 1C began March 29, 2021, expanding
vaccine eligibility to all Chicago residents aged 16-64 years
with underlying health conditions and all other essential
workers, and phase 2 began April 19, 2021, expanding eligi-
bility to all Chicago residents aged =16 years.

We used R statistical program version 4.0.5 (R Foundation
for Statistical Computing) with associated code made publicly
available on GitHub (https://github.com/justenvirons/vaccine-
equity) for data transformation and statistical analyses.
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Table. Demographic characteristics, cumulative COVID-19 outcomes, and vaccination activity of Chicago residents by PCP status,

January 15, 2020, through May |, 202

Characteristics and COVID-19 data

In non-PCP zip codes

In PCP zip codes

City of Chicago

Total zip codes, no.
Total population
Demographic characteristics®
Age group, y
=16
=18
=65
Essential workers
Race and ethnicity
Asian, not Latinx
Black, not Latinx
Latinx
White, not Latinx
Earning below poverty-level income
No health insurance
COVID-19 data®
Cases
Deaths
Tests
Test positivity rate (cases/tests® X 100), %
Mean CCVI score?
First COVID-19 vaccine dose®
Completed COVID-19 vaccine series®

47
1955851 (70.8)

1 651595 (82.0)
1589133 (81.3)
240686 (12.3)
381 144 (36.1)

164040 (8.4)
455820 (23.3)
427528 (21.9)
856503 (43.8)
300723 (15.8)
156004 (8.1)

175903 (89.9)
3308 (1.7)
2925814 (149.6)
6.0
28.8
924 146 (58.2)
650283 (40.9)

13
808387 (29.2)

564061 (75.2)
596254 (73.8)
103991 (12.9)
193836 (59.7)

14241 (1.8)
356834 (44.1)
365082 (45.2)
63723 (7.9)
195271 (24.3)
108 182 (13.4)

95462 (118.1)
1945 (2.4)
861002 (106.5)

1.

52,6
286275 (48.0)
199258 (33.4)

58
2764238 (100.0)

2215656 (80.2)
2185387 (79.1)
344677 (12.5)
574980 (41.7)

178281 (6.5)
812654 (29.4)
792610 (28.7)
920226 (33.3)
495994 (18.3)
264186 (9.7)

271365 (98.2)
5253 (1.9)
3786816 (137.0)
72
35.7
1210421 (55.4)
849541 (38.9)

Abbreviations: CCVI, Chicago COVID-19 Community Vulnerability Index; PCP, Protect Chicago Plus.
# Included residents were those aged =16 years. Data sources: US Census Bureau'? and City of Chicago Data Portal.'"!7"'8

® All values are no. (%) unless otherwise indicated.

¢ COVID-19 data are reported as counts (counts/|00000 population) from January 15, 2020, through May |, 2021, unless otherwise indicated.

4 CCVI ranked zip codes based on a composite score derived from a series of 10 components across 4 broader categories of vulnerability:
sociodemographic (3 components), epidemiologic (2 components), occupational (2 components), and cumulative COVID-19 burden (3 components).
¢ First COVID-19 vaccine dose and completed COVID-19 vaccine counts are reported as cases (cases per 100000 population) by zip code from

December 15, 2020, through May I, 2021.

Results

Among the 13 Chicago zip codes prioritized in the PCP pro-
gram (808 387 people aged =16 y), we found the distribution
of Black residents (44.1%) and Latinx residents (45.2%) to
be nearly equal. Within the PCP zip codes, 24.3% of house-
holds had an annual household income below the federal
poverty level, and 13.4% of residents had no health insur-
ance (Table). From January 15, 2020, through May 1, 2021,
the numbers of COVID-19 cases (118.1) and COVID-19
deaths (2.4) per 100000 population in PCP zip codes were
higher than the corresponding estimates (89.9 and 1.7) for
residents in non-PCP zip codes. Furthermore, the total popu-
lation receiving =1 dose of COVID-19 vaccine per 100000
population was 48.0 in PCP zip codes and 58.2 in non-PCP
zip codes, despite PCP zip codes having a higher number of
essential workers (59.7% vs 36.1%) and a higher percentage
of residents aged =65 years (12.9% vs 12.3%).

We found significant associations between PCP status and
first-dose vaccine coverage for Chicago residents aged =16
years across each of the 124 days examined (P < .05),
although variations in the magnitude of these associations
changed over time. When evaluated collectively, PCP zip
codes underperformed as compared with non-PCP zip codes
in first-dose vaccination coverage, with an average rate ratio
of 0.70. That is, vaccination coverage among residents in
PCP zip codes was, on average, 70% of the coverage esti-
mated for residents in non-PCP zip codes. A rate ratio of 1.0
would indicate equal vaccination coverage in the 2 groups.
We observed that the gap in vaccination coverage steadily
narrowed from a rate ratio of 0.58 on February 5, 2021, to
0.92 on March 29, 2021, before it remained steady at a daily
average of 0.87 through April 19, 2021.

The ITS results (Figure) suggested that the PCP program
reduced inequities between communities with low and high
CCVI scores over time. Before implementation of the PCP
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Figure. Interrupted time-series analysis of short-term (A) and sustained (B) effects of cumulative first-dose COVID-19 vaccination
coverage, before and after and implementation of the Protect Chicago Plus (PCP) program in Chicago zip codes, December 29, 2020,
through May 1, 2021. Short-term effects analyzed PCP implementation from February 5 through March 29, 2021. Sustained effects
analyzed PCP implementation from February 5 through May |, 2021. Data sources: US Census Bureau'? and City of Chicago Data

Portal 11,17,18

program, cumulative rates of first-dose vaccination
increased nearly twice as fast in non-PCP zip codes (0.19%
per day; P < .001) as in PCP zip codes (0.10% per day; P
< .001). Model results showed that from February 5
through March 29, 2021, PCP zip codes had an additional
coverage per day of 0.42% as compared with 0.27% for
non-PCP zip codes (Figure A). In an assessment of the lon-
ger-term sustained effect of PCP from February 5 through
May 1, 2021, which included the gradual expansion of vac-
cine eligibility to include all Chicago residents aged =16
years, residents of PCP and non-PCP zip codes were vac-
cinated at similar rates of 0.47% and 0.43% per day, respec-
tively (P < .001) (Figure B).

Discussion

Our findings showed that PCP may have reduced vaccine
inequities between communities with low and high CCVI
scores, suggesting that community-led vaccination efforts
may have had a positive effect on uptake. We note that barri-
ers to vaccination may be mitigated by not only increasing
access but also addressing vaccine hesitancy and medical
mistrust . In a 2022 analysis of strategies to promote COVID-
19 vaccine equity, authors asserted 3 main strategies:
addressing mistrust, combatting misinformation, and
improving access.”®> Equity efforts must engage key mem-
bers of the community to ensure that strategies are salient to
community residents. The PCP program included walk-in
and scheduled appointments, as well as centralized and com-
munity-based vaccine opportunities. If found effective in the
long term, the PCP program can serve as a model to improve
national equity in vaccine distribution.

Limitations

This study had several limitations. First, because of limita-
tions in data availability and accuracy, we used data on first
dose as an indicator of vaccine status. Future analyses should
consider using data on fully vaccinated individuals (ie, peo-
ple who have either completed an initial series of vaccina-
tions or are up to date with the federally recommended
COVID-19 vaccination program, including booster doses).
Second, the study period may be too short and variable (eg,
overlap with vaccine eligibility changes and expanded
access) to detect impact. Because of the brief study period,
we were only able to obtain insights into the early effects of
PCP and not able to make determinations about the longer-
term effects of the program. The evaluation should be
repeated as additional data become available. Furthermore,
we did not disaggregate the vaccine counts made available
by the city by age group, making it impossible to stratify by
age group and evaluate the sensitivity of the ITS model
results. Finally, our analysis focused only on Chicago.
Although Chicago may be demographically similar to other
large urban jurisdictions, our findings may not be generaliz-
able to other settings.

Citywide implementation strategies may improve vaccine
equity and address health inequities. It is important to moni-
tor the impact of vaccine equity strategies to rapidly identify
and address any needed modifications and to inform future
program scale-up.
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