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Introduction

	 The United States is emerg-
ing from an unprecedented pub-
lic health crisis with the novel 
COVID-19 pandemic. With more 
than 30 million cases in the United 
States, public health efforts need to 
focus on prevention and reducing 
disparities in risk and outcomes.1 
Research shows disparities in 
COVID-19 testing, infections, and 
deaths, as well as in social distancing 
and access to health care, and most 
recently vaccination. COVID-19 
disproportionally affects individu-
als with lower socioeconomic sta-
tus, immigrants, and racial and 
ethnic minority groups.2-6  Addi-
tionally, individuals with chronic 
diseases and people who are aged 
>65 years face greater risks of hos-

pitalization, ICU care, and death 
when infected with COVID-19.7 
	 In the beginning months of 
the pandemic, as many as 50% of 
cases were missing information 
on race and ethnicity. The CDC 
COVID-19 demographic track-
er first reported data on Aug 28, 
2020; 51% of about 4.5 million 
cases lacked data on race and eth-
nicity.8 Even as late as mid-January 
2021, race-ethnicity data were miss-
ing for 48% of the first 12.9 mil-
lion vaccinees (in contrast to .04% 
missing age and 3.02% gender).9,10 
	 In order to better understand 
COVID-19-related disparities at 
the beginning of the pandemic when 
individual-based data on race were 
limited, we examined COVID-19 
related outcomes and potential dis-
parities at the zip code level, focus-
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ing on Allegheny County, Penn-
sylvania.  Allegheny County was 
similar in underreporting of race 
data in the early months of the pan-
demic, but by the end of 2020 was 
able to provide race data on all but 
15% of 781,708 tests reported.11

	 Disparities in rates of infection 
among African American, Native 
American, and Latinx communi-
ties are well-documented.2 Some 
of the reasons behind these dispari-

ties in COVID-19 risk across coun-
ties. Few looked at disparities within 
counties using smaller geographical 
areas. One exception included stud-
ies in New York City that used zip 
codes to determine disparities in 
testing. These studies indicated an 
increased volume of testing in zip 
codes with a higher proportion of 
White residents,5 and a lower vol-
ume in poorer neighborhoods and 
neighborhoods with more immi-
grants.6 Additionally, test positivity 
decreased with an increasing pro-
portion of White individuals and 
also with higher socioeconomic in-
dex score.5 Zip code based analyses 
from two counties in Washington 
State found that vulnerability in-
dex score, chronic disease burden,  
greater proportion of racial and 
ethnic minorities, and lower so-
cioeconomic status were associated 
with greater COVID-19 incidence.7 
	 In this research, we examined 
COVID-19 disparities across zip 
codes in Allegheny County, Penn-
sylvania in the initial period of the 
pandemic (February-July 2020). 
We examined incidence as well 
as services provided to communi-
ties. We reasoned that in the ab-
sence of individual-based data, 
using zip code level detail can 
provide insight into potential dis-
parities, allowing quicker public 
health responses to intervene on 
disparities before they broaden.

Methods
	 Data were collected from the Al-
legheny County Health Department 
(ACHD), Allegheny County De-
partment of Human Services (DHS), 
the 2018 American Community 

Survey 5-Year Estimates Data Pro-
files from the US Census Bureau, 
and national 211 services website. 
Data were retrieved for the period 
February 1 through July 22, 2020. 
	 To avoid potential breaches 
of confidentiality in small ar-
eas, ACHD provided a count of 
COVID-19 cases by month for 
each zip code. We also accessed data 
from the 211 helpline, maintained 
by local United Way agencies across 
the United States; this helpline is 
a national surveillance and referral 
system for social needs, including 
housing, food, utility bills, trans-
portation, child care, and health 
care. All and COVID-19 specific 
211 calls were retrieved by zip 
code from the PA 211 site (https://
pa.211counts.org). The volume of 
DHS social services by zip code was 
also available. We obtained demo-
graphic information by zip code 
from the US Census Bureau’s web-
site, including zip code specific pro-
files from the 2018 American Com-
munity Survey 5-Year Estimates.
	 For analyses, zip codes were 
grouped by demographic features.  
Zip codes were grouped into quar-
tiles based on distributions of the 
proportion of individuals that be-
long to a racial or ethnic minority 
group (0-6.3%, 6.32-11.7%, 12.1-
24.9%, 25.1-76.6%), percent of 
Hispanic individuals (0-.85%, .89-
1.5%, 1.51-2.34%, 2.4-8.8%), per-
cent of African Americans (0-1.7%, 
1.72-4.9%, 5.2-13.7%, 14.1-
68.0%), and poverty rate, as defined 
by the Census (0-6.9%, 7.5-11.3%, 
11.3-16.8%, 16.9-53.6%).  Month-
ly COVID incidence and 211 and 
DHS volume were standardized and 

ties include occupational exposures, 
greater prevalence of chronic medi-
cal conditions, and more barriers 
to health care access.2 Addition-
ally, counties differ in level of social 
distancing as indicated by reduc-
tions in travel and rates of unem-
ployment.3 In addition, household 
density, higher in low-SES neigh-
borhoods, is associated with higher 
rates of COVID-19 infection.4  
	 At the beginning of the pandem-
ic, most research examined dispari-

In this research, we 
examined COVID-19 

disparities across zip codes 
in Allegheny County, 

Pennsylvania in the initial 
period of the pandemic 
(February-July 2020).
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converted to rates per 10,000 using 
zip code population denominators.
	 ACHD provided information 
on 120 Allegheny County zip codes 
(15006-15275). Three zip codes 
had no inhabitants and were exclud-
ed from analysis. Of the remaining 
117, the Allegheny County Health 
Department did not report cases for 
19 zip codes.  When we inquired, 
we were told data were unavailable.  
Our strategy was to drop these zip 
codes rather than impute a value of 
0 cases. Accordingly, our final sam-
ple was 97 zip codes, and our analy-
ses include 485 zip code months.

Analyses
	 Data were imported to Stata 14® 
(StataCorp, TX, USA) for analy-
sis. Quantitative variables were de-
scribed using means and standard 
deviations, categorical variables by 
frequencies and percentages. Profile 
plots were used to describe monthly 
COVID-19 incidence and COVID-
specific service requests by quartiles 
of poverty and racial and ethnic 
minority status. Repeated-measures 
analysis of variance (ANOVA) and 
mixed effects models for zip code 
quartiles were estimated to de-
termine the association between 
quartile, COVID-19 incidence, 
and time.  We also estimated mul-
tivariable linear regression mod-
els to look at associations between 
COVID-19 incidence and zip code 
quartile adjusting for sociodemo-
graphic features.  Because only 
group count data were assessed, the 
University of Pittsburgh Human 
Research Protections Office deter-
mined the research did not meet 
criteria for human subject research.

Results

	 Allegheny County has a popu-
lation of more than 1.2 million 
individuals, with a greater propor-
tion of females (51.7%) than the 
national average (50.8%).12,13 The 
population has a mean poverty 
rate of 12.1%, average age of 40.8 
years, and is mostly non-Hispanic 
White (80.1%). Through the mid-
dle of July, there were more than 
144,000 tests, nearly 10,000 cases 
of COVID-19, and more than 
300 deaths. Table 1 provides an 
overview of the demographics and 

COVID-19 burden of the county. 
	 Total COVID incidence, volume 
of 211 calls (total and COVID-
specific), and county social service 
use over the initial pandemic period 
are shown in Table 2, broken out 
by quartile of minority population 
across the 97 zip codes. COVID 
incidence ranged from 31.3 per 
10,000 (95%CI: 14.4-48.2) in zip 
codes with the lowest proportion of 
individuals belonging to racial or 
ethnic minority groups (0-6.3%), 
to 60.1 (95%CI: 51.7-68.5) in zip 
codes with the highest proportion 
(25.1-76.6%).  Similar differences 

Table 1. Demographics and COVID-19 cases for Allegheny County, Pennsylvania

Demographicsa

Population 1,225,561

Female, % 51.7

Age (median years) 40.8 ± 0.1

Poverty, % 12.1%

Race

   White, % 80.1

   Black or African American, % 12.9

   American Indian and Alaska Native, % .1

   Asian alone, % 3.7

   Native Hawaiian and Other Pacific Islander, % 0.0

   Other, % .5

   Two or more races, % 2.7

Hispanic or Latino, % 2.0

Language other than English Spoken at home, % 7.3

Uninsured, % 4.3

Education (HS graduate or higher), % 94.3

COVID-19 Specific, March-July 22, 2020b

   Individuals tested 144,081

   Total cases 9,932

   Deaths 306

a. Population information from https://data.census.gov/cedsci/profile?g=0500000US42003.
b. COVID estimates from Allegheny County COVID-19 Individual Test Results, 2020. Western PA Regional 
Data Center.11
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were evident for the volume of 211 
calls and COVID-19-specific 211 
calls, as well as county-provided so-
cial services. Likewise, in comparing 

the zip code quartiles with the high-
est and lowest poverty rates, those 
with a higher poverty rate also had 
a higher incidence of COVID-19 

cases, 60.3 per 10,000 vs 40.2, as 
well as a greater volume of 211 calls 
and county social DHS services 
(results available upon request).

Table 2. Total DHS services, 211 calls, and COVID-19 cases by zip code areas: quartiles defined by proportion of minority 
residents

Proportion of Minority Residents in Zip Codesa

Quartile 1, 0-6.3% Quartile 2, 6.32-11.7% Quartile 3, 12.1-24.9% Quartile 4, 25.1-76.6%

n (95%CI) n (95%CI) n (95%CI) n (95%CI)

DHS servicesb 23,766 (16,070-31,463) 18,402 (14,358-22,447) 26,042 (18,845-33,240) 48,098 (39,982-56,214)

211 callsc 143.6 (37.6-249.7) 103.8 (76.6-131.1) 224.2  (98.5-349.9) 391.1 (324.6-457.5)

COVID-specific 211 callsc 30.1 (12.6-47.6) 29.4 (21.2-37.6) 76.5 (4.0-148.9) 81.7 (69.8-93.5)

COVID-19 casesc 31.3 (14.4-48.2) 33.0 (25.8-40.1) 52.5 (39.5-65.4) 60.1 (51.7-68.5)

a. Zip code quartiles based on proportion of individuals belonging to racial or ethnic minority groups in those zip codes.
b. February 1, 2020- June 30, 2020.
c. March 1, 2020- July 22, 2020.
P<.001 by one way ANOVA except for COVID-specific 211 calls (P=.13).

Figure 1. COVID incidence/10,000 by zip code minority quartiles
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	 Figure 1 shows COVID-19 cases 
in each month (March-July 2020) 
per 10,000 individuals in the zip 
code quartiles. The plot shows mean 
incidence and 95%CI for each of 
the minority population quartiles 
per month. Zip codes with a greater 
proportion of minorities had higher 
COVID-19 incidence over the 5 
months (F=6.7, P<.0001), the time 
trend for cases increased over the 
five months (F=108.6, P<.0001), 
and a test of the interaction showed 
a greater increase over time in quar-
tiles with a higher proportion of mi-
norities (F=2.59, P<.003).  Results 
from a mixed model were similar.
	 To assess the independent ef-
fect of the proportion of individu-
als belonging to racial or ethnic 

minority groups on COVID inci-
dence, we estimated a multivari-
able linear regression model.  The 
model showed that a higher per-
centage of racial and ethnic minori-
ties in zip codes was associated with 
greater COVID-19 incidence per 
10,000 (β=.281, P=.036) adjust-
ing for age, sex, and poverty rate.
	 Overall, 211 requests for utili-
ties and food needs increased as 
COVID-19 became more promi-
nent in March and April, with 
a decrease in May and June. 
COVID-19-specific housing and 
shelter needs were not prominent 
until July. Rates peaked in April, with 
COVID-19-specific calls increas-
ing again in July. 211 requests for 
housing services, food, employment 

and income, and disaster relief were 
higher in zip codes with the highest 
proportion of individuals belonging 
to racial or ethnic minority groups. 
	 To assess trends in service use, we 
examined the volume of 211 calls 
by quartile of individuals belonging 
to racial or ethnic minority groups 
over comparable months in 2019 
and 2020.  Results are shown in 
Figure 2.  Zip codes with the high-
est proportion of minorities utilized 
the 211 helpline to a greater extent 
in 2019 as well as 2020.  Across 
2019-2020, we see that quartile 1, 
with the lowest proportion of mi-
nority population, was mostly unaf-
fected by the pandemic; the volume 
of 211 calls across the two periods 
did not change. Quartile 4, with the 

Figure 2. 211 calls, 2019 and 2020, by zip code minority quartiles
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highest proportion of minorities, 
by contrast, had a higher volume 
of calls across both periods, with 
a substantial uptick in April 2020, 
the height of the first wave of the 
pandemic.  Its use of 211 calls was 
twice as high as the next quartile.

Discussion

	 This retrospective analysis high-
lights disparities in COVID-19 risk 
and the need for COVID-related 

racial and ethnic minorities. Miss-
ing race-ethnicity data is a prob-
lem for COVID testing; for ex-
ample, CDC’s national COVID 
Data Tracker included race-ethnic-
ity for only 53% of cases by mid-
September (https://covid.cdc.gov/
covid-data-tracker/#demographics) 
when we completed this analy-
sis. Lack of complete COVID-19 
data by race and ethnicity may 
minimize COVID-19 dispari-
ties.14 Use of Census-defined race-
ethnicity proportions by zip code 
offers a way to estimate dispar-
ity effects when individual race-
ethnicity data are unavailable.
	 Additionally, zip codes with 
higher proportions of racial and 
ethnic minorities and greater pov-
erty sought social services at higher 
rates, evident in 211 calls. These 
needs were primarily for health 
care, employment and income, 
food, and later housing and shel-
ter. We showed as well that county 
social services were also more con-
centrated in zip codes with higher 
rates of poverty and a greater pro-
portion of racial and ethnic mi-
norities. Additional research is 
required to see if receiving these 
resources reduces COVID-19 
incidence and social impact.
	 One major finding from our 
study is that the rates of COVID-19 
cases were rising at quicker rates 
for areas with more racial and eth-
nic minorities. These easily acces-
sible data can be used to predict 
areas most in need of services to 
target outreach to reduce dispari-
ties. This finding is consistent with 
studies showing dynamic changes 
in the impact of COVID-19 by so-

cial vulnerability across counties.15 
	 Minority zip code quartiles in 
Allegheny County mostly involved 
Black residents. For example, in the 
quartile with the highest propor-
tion of minorities, 26 of these 30 zip 
codes also had the highest propor-
tion of Black residents, ranging from 
20%-68% for each zip code popula-
tion, consistent with the substantial 
segregation of the county. The low 
proportion of Hispanic residents (no 
more than 8.8% of residents in any 
zip code) prevents separate analyses 
by race and ethnicity. However, other 
analyses have shown higher rates of 
COVID among Hispanics.4 Like 
Blacks, Hispanic individuals are also 
more likely to have essential jobs with 
fewer opportunities to work from 
home.16 Minorities face lower socio-
economic status, more overcrowding, 
more racial segregation, more food 
insecurity, and less access to health 
insurance, all of which are associ-
ated with less opportunity for social 
distancing.17  Potential policy changes 
to reduce the impact of the pandemic 
on minorities in the United States 
would include expanding access to 
Medicaid and Children’s Health In-
surance Program (CHIP), increasing 
access to employer-sponsored insur-
ance, and reducing language barriers. 
	 Given limitations of data collec-
tion on race and ethnicity, aggregate 
zip code level data can help correct 
potential underestimates of dispari-
ties.  Studies have shown that minori-
ties and individuals living in poverty 
have higher rates of hospitalization 
and other worse COVID-19 out-
comes, showing that findings using 
aggregate data are supported by stud-
ies based on individual-level data.18-20 

services at the beginning of the 
pandemic in Allegheny County. 
Given the substantial proportion of 
missing individual-level racial and 
ethnic data in COVID testing, we 
show an alternative approach us-
ing zip codes to analyze potential 
disparities. Our study shows that 
rates of COVID-19 were higher 
in zip codes with a greater preva-
lence of individuals belonging to 

Our study shows that rates 
of COVID-19 were higher 
in zip codes with a greater 
prevalence of individuals 
belonging to racial and 

ethnic minorities.
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While the ecologic fallacy is always a 
concern when using aggregate indica-
tors, this convergence of findings pro-
vides reassurance that area level rates 
can fill in gaps when individual level 
data are limited. A limitation of the 
study is our use of census data, which 
may underrepresent non-citizens 
or undocumented citizens, as well 
as restriction to a single geograph-
ic area and limited time interval. 

Conclusions

	 This study offers essential in-
formation on disparities that were 
widening for COVID-19 cases and 
pandemic-related social needs at the 
beginning of the pandemic.  We show 
that the incidence of COVID-19 in-
creased earlier and faster for areas 
with a higher proportion of individu-
als belonging to ethnic and racial 
minorities.  Health departments can 
rely on area indicators, such as zip 
code of residence, to identify these 
inequities even with incomplete as-
certainment of race among cases. 
Areas with a higher proportion of ra-
cial and ethnic minorities requested 
more services even when control-
ling for age, sex, and poverty status. 
Providing services and public health 
strategies to mitigate disparities will 
be critical as the United States and 
the rest of the world attempt to con-
trol the pandemic, Aggregate level 
data should be considered in the ab-
sence of quality individual level data. 
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