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Bacterial pneumonia is an important cause
of morbidity and mortality in adults1 and is
a potentially serious complication of influenza
infection.2,3 Racial/ethnic disparities in the in-
cidence of bacterial pneumonia are a public
health problem. Among US adults, rates of
bacteremic pneumonia caused by Streptococcus
pneumoniae (pneumococcus), the leading cause
of community-acquired pneumonia, are higher
among Blacks than among Whites.4 Vaccination
against pneumococcal disease is recommended
for persons aged 65 years and older, for cigarette
smokers, and for persons with certain chronic
conditions.5 Vaccination coverage with 23-
valent pneumococcal polysaccharide vaccine
is lower, however, among Hispanic and non-
Hispanic Black adults with indications for vacci-
nation than among non-Hispanic White adults.6,7

The introduction of pneumococcal conjugate
vaccination for children in 2000 led to lower
pneumococcal disease incidence in all age
groups8,9 and narrowed the difference between
incidence in Black and White children, although
disparities persist among adults.10,11 Less is
known about the factors influencing racial/ethnic
disparities in the incidence of bacteremic pneu-
monia caused by other common pathogens. A
better understanding of the underlying factors
that sustain disparities in bacterial disease would
help to direct prevention efforts.

Several previous studies examined the
contributions of socioeconomic inequalities
to racial/ethnic disparities in invasive pneu-
mococcal disease.12–15 Between 1960 and
1970, a series of population-based studies in
US communities identified socioeconomic mea-
sures, including average income and education,
as strongly associated with both race/ethnicity
and bacterial meningitis incidence.16–18 How-
ever, socioeconomic data have not routinely
been collected in US surveillance systems for
invasive bacterial disease. With geocoding
software, individual cases can be mapped to

census tract of residence.15 Census tract–level
socioeconomic measures can then be included
in analyses of health outcomes to better un-
derstand racial/ethnic disparities in disease in-
cidence.19 We used a large population-based
surveillance system for invasive bacterial infec-
tions to examine associations between the so-
cioeconomic characteristics of census tracts and
racial/ethnic disparities in the incidence of bac-
teremic community-acquired pneumonia among
US adults. We sought to identify a single, publicly
available census tract characteristic that could
be used to target interventions to geographic
areas likely to have high incidences of bacteremic
pneumonia and to monitor inequalities in disease
burden.

METHODS

Active, population-based surveillance for
invasive bacterial disease caused by selected
pathogens was conducted through the US

Centers for Disease Control and Prevention’s
Active Bacterial Core surveillance (ABCs)/
Emerging Infections Program network. Inva-
sive bacterial disease is defined as the isolation
of pathogenic bacteria from normally sterile
sites, including blood, cerebrospinal fluid, or
pleural fluid. ABCs personnel regularly contact
all clinical laboratories serving the residents of
the surveillance population to identify cases,
and periodic audits of laboratory records are
conducted to ensure complete case ascertain-
ment. Clinical and demographic data, including
residence address, are collected from medical
records for all episodes of invasive bacterial
disease caused by specific pathogens among
residents of the surveillance area.

Data for this analysis were limited to episodes
of physician-diagnosed pneumonia among
adults18 years or older for which S. pneumoniae,
Haemophilus influenzae, group A streptococcus,
or group B streptococcus was isolated from
blood or pleural fluid. We included only the first
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episode of bacterial pneumonia caused by each
pathogen in an individual patient during the
surveillance period. Bacterial pneumonia cases
with a date of culture more than 2 days after
hospital admission (approximately 3% of all
cases) were considered health care–associated
and were excluded from the analysis. Analyses
included episodes with onset during 2003 or
2004 in 9 surveillance sites: Connecticut (entire
state), Minnesota (entire state), California (1
county), Colorado (5 counties), Georgia (20
counties), Maryland (6 counties), New York
(15 counties), Oregon (3 counties), and Tennes-
see (11 counties). According to the 2000 US
Census20, the 9 surveillance areas included 18.1
million adults aged18 years or older (8.7% of the
US adult population), including approximately
13.7 million non-Hispanic White adults, 2.4
million non-Hispanic Black adults, 1.0 million
Hispanic adults, 670000 Asian adults, and
75000 American Indian or Alaska Native adults.
Approximately 227000 adults (1.3% of adult
surveillance area residents) were of other racial/
ethnic groups.20

Race or ethnicity was identified in medical
records for 91% of the patients according to
2000 US Census categories, ranging from 62%
in Oregon to more than 99% in Connecticut.

Patients with missing ethnicity (53%) were
assumed to be non-Hispanic. Patients were
identified as HIV-infected if HIV or AIDS was
recorded in the medical charts. For analyses on
the subset of non–HIV infected patients, we
excluded all patients from New York State,
which does not report HIV status.

Geocoding

According to the US Census Bureau, census
tracts were designed to be relatively permanent
statistical subdivisions whose boundaries are
nested within counties and are delineated by
using visible features expected to be stable over
many decades. At the time they are established,
census tracts are designed to be homoge-
neous with regard to socioeconomic indicators
and generally include between1000 and 8000
persons (with an optimum size of 4000 per-
sons).21 For the 2000 US Census, surveillance
areas included in this analysis were divided into
5553 census tracts (Minnesota [1303 census
tracts], Connecticut [819], Georgia [660], Ten-
nessee [616], Maryland [615], New York [537],
Colorado [514], Oregon [313], and California
[176]). Census tract of residence was determined
for 4524 (93%) of 4870 adult surveillance
area residents who experienced an episode of

invasive bacterial pneumonia in 2003 or 2004.
Census tract of residence was determined by
using home addresses from medical records
and using geocoding software including
ArcView/ArcGIS (ESRI, Redlands, CA), Map-
Marker (Pitney Bowes MapInfo Inc, Troy, NY),
and Address Object/GeoCoder Object (Melissa
DATA Corp, Rancho Santa Margarita, CA).
Geocoding was performed at Emerging Infec-
tions Program sites. Geocoding success ranged
from 86% for patients in the California surveil-
lance area to 98% in Tennessee surveillance
areas. Overall, geocoding success ranged from
93% to 94% for Whites, Blacks, and Hispanics
and was 89% for patients of unknown race/
ethnicity; geocoding success ranged from 92% to
94% across age groups.

Area-Based Socioeconomic Measures

For each census tract in the surveillance
area, 11 socioeconomic variables were created
with 2000 US Census data. Socioeconomic
variables were defined in accordance with the
Public Health Disparities Geocoding Project.22

Percentage of census tract poverty was defined
as the percentage of the census tract’s population
living below the federal poverty level and was
entered as a continuous variable or was stratified

Note. Percentage of census tract poverty was defined according to the percentage of persons living below the federal poverty threshold according to the 2000 US Census.20 The total adult

population included all racial/ethnic groups except multiracial categories.

FIGURE 1—Distribution of the adult population according to percentage of census tract poverty, by race/ethnicity: Active Bacterial Core

surveillance areas, United States, 2000.
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into 4 levels: 0% to 4.9%, 5.0% to 9.9%,10.0%
to 19.9%, and 20% or more of the population
(the federally defined threshold for ‘‘poverty
area’’ designation). Percentage of census tract
crowding (households with at least 1 person per
room) and percentage of expensive homes
(houses worth at least 400% of the US median
value of owner-occupied homes) were stratified
by using the same 4 levels (0% to 4.9%, 5.0% to
9.9%, 10.0% to 19.9%, and 20% or more).
Percentage of the census tract population with
low education (persons aged 25 years or older
with less than a 12th-grade education) and with
high education (persons aged 25 years or older
with at least 4 years of college education) were

each grouped into 4 levels (0% to14.9%,15.0%
to 24.9%, 25.0% to 39.9%, and 40% or more).
The percentage of the census tract population
employed in working-class occupations was cat-
egorized into 4 levels (0% to 49.9%, 50.0% to
64.9%, 65.0% to 74.9%, and 75% or more).
Census tracts were stratified into quintiles for
median household income, percentage of low-
income households (income less than 50% of the
US median household income), and percentage
of high-income households (income at least
400% of the US median household income).
Census tract quintiles were also created for
the modified Townsend index (a composite
measure of deprivation, standardized to the US

population, that includes percentage crowding,
percentage unemployment, percentage no car
ownership, and percentage renters). The per-
centage of the census tract population living in
rural areas was dichotomized as 0% to 49.9% or
50% or more.

Statistical Analysis

The annual incidence rate of invasive bac-
terial pneumonia in each census tract was
estimated by dividing the average number of
cases in 2003 and 2004 by the number of
adult census tract residents, according to age
group and racial/ethnic category from 2000
US Census data. Rate ratios (RRs) and 95%
confidence intervals (CIs) were calculated by
using Poisson regression. For Poisson regres-
sion models, the dependent variable was the
number of cases in each census tract for each
age group and racial/ethnic category. Inde-
pendent variables included age group, racial/
ethnic category, surveillance site, and a census
tract–level socioeconomic measure. In models
containing a socioeconomic indicator variable,
we examined all 2-way interactions between
age group, racial/ethnic category, and the
census tract–level socioeconomic measure.
Population denominator offsets were calcu-
lated for each combination of age category,
racial/ethnic category, and census tract. To
permit examination of the independent effects
of age group, racial/ethnic category, and area-
based socioeconomic measure on the incidence
of bacteremic pneumonia, rates were not age-
standardized, as was done by the Public Health
Disparities Geocoding Project.19 To identify the
single area-based socioeconomic measure that
best explained observed racial disparities in the
incidence of bacteremic pneumonia (with control
for age group and ABCs site), we compared RRs
for incidence among Black versus White adults
in a base model (including age group, state, and
race/ethnicity) with 11 independent models each
containing 1 of the socioeconomic indicator
variables in addition to the variables included in
the base model. We used the Akaike Information
Criterion (AIC) to compare the goodness of fit
of independent Poisson models including differ-
ent census tract–level socioeconomic measures.23

Results were not substantially different when
using negative binomial regression to account for
clustering of cases within census tracts or when
using multilevel Poisson and negative binomial

TABLE 1—Incidence of Bacteremic Pneumonia in Adults According to Race/Ethnicity, Age,

and Proportion of Residents Living in Poverty: ABCs Areas, United States, 2003–2004

Race/Ethnicity by Age

Population

Count

No. of

Casesa

Incidence of Bacteremic Pneumonia per 100 000 Peopleb

< 5%

Poverty

5%–9.9%

Poverty

10%–19.9%

Poverty

‡ 20%

Poverty Overall

Total adult populationc 17 890 259 4 524 9.4 11.1 14.1 26.2 12.6

White, non-Hispanic 13 738 841 2 767 8.5 9.9 12.0 17.8 10.1

Black, non-Hispanic 2 353 745 1 140 12.7 14.4 20.8 37.7 24.2

Hispanic 1 031 320 148 5.9 5.6 6.1 11.2 7.2

Adults aged 18–34 y 5 795 245 341 1.9 2.5 3.0 5.9 2.9

White, non-Hispanic 3 970 653 141 1.6 1.9 1.9 2.2 1.8

Black, non-Hispanic 929 317 142 2.6 5.0 7.5 11.4 7.6

Hispanic 572 531 31 4.3 2.6 1.4 3.8 2.7

Adults aged 35–49 y 5 858 541 1 061 3.9 6.6 10.6 39.6 9.1

White, non-Hispanic 4 523 687 439 3.1 5.3 6.4 18.0 4.9

Black, non-Hispanic 804 471 487 13.4 14.8 21.2 58.1 30.3

Hispanic 291 768 45 0.8 3.5 9.9 16.2 7.7

Adults aged 50–64 y 3 535 963 1 152 10.6 13.4 20.3 47.3 16.3

White, non-Hispanic 2 902 523 684 9.2 11.2 14.6 37.5 11.8

Black, non-Hispanic 390 922 315 22.2 24.5 36.8 58.7 40.3

Hispanic 114 049 31 10.3 12.4 11.8 19.9 13.6

Adults aged 65–79 y 1 960 136 1 027 24.5 23.0 30.2 34.7 26.2

White, non-Hispanic 1 678 195 759 21.9 19.3 26.8 34.8 22.6

Black, non-Hispanic 177 412 114 24.8 27.9 36.3 32.6 32.1

Hispanic 42 494 29 19.1 35.5 27.8 50.8 34.1

Adults aged ‡ 80 y 740 374 943 69.2 61.1 61.4 59.8 63.7

White, non-Hispanic 663 783 744 62.7 53.5 50.3 55.2 56.0

Black, non-Hispanic 51 623 82 105.7 84.1 114.9 55.8 79.4

Hispanic 10 478 12 141.3 16.7 62.2 40.1 57.3

Note. ABCs = Active Bacterial Core surveillance.
aNumber of successfully geocoded cases.
bIncidence is the average annual rate by census tract poverty level. Census tract poverty level was defined according to the
percentage of persons living below the federal poverty threshold per the 2000 US Census.20 Incidence rates are not age-
adjusted.
cTotal adult population included all racial/ethnic groups.
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models with census tracts treated as random
effects.24 We present the results from the Poisson
models. Statistical analyses were conducted with
SAS Version 9.1 (SAS Institute Inc., Cary, NC).
Significance was defined as a 2-tailed P<.05.

RESULTS

We identified 4870 cases of invasive
community-acquired bacterial pneumonia
among adults aged 18 years or older in 9 US
surveillance areas in 2003 and 2004. Sixty-one
percent of the patients identified were non-
Hispanic White, 25% were non-Hispanic Black,
3% were Hispanic, 2% were other racial/ethnic
categories, and 9% were of unknown race/
ethnicity. Males accounted for 51% of the
patients. S. pneumoniae was isolated in 4006
(82%) episodes, H. influenzae in 337 (7%),
group B streptococcus in 281 (6%), and group A
streptococcus in 246 (5%). Because restricting
the analyses to cases of pneumococcal pneumo-
nia yielded similar results (data not presented),
we present only the combined results of all 4
causes of bacteremic pneumonia. Twelve per-
cent of the patients had documented HIV in-
fection (excluding patients from New York State).

The average annual incidence of bacteremic
pneumonia during the 2-year period was 12.6
episodes per 100000 adults. Incidence varied
significantly among surveillance areas, ranging
from 8.4 episodes per 100000 in Minnesota to
19.8 episodes per 100000 in Maryland.

We identified cases of bacteremic pneumo-
nia among residents of 2727 (49%) of 5553
census tracts (range of cases per census tract,
1–15) in all surveillance areas. The distribution
of adults in ABCs surveillance areas by race/
ethnicity and census tract–level percentage of
persons living in poverty, according to the
2000 US Census, is shown in Figure 1. Forty-
five percent of the White population versus less
than 20% of Blacks and Hispanics resided in
census tracts with less than 5% of persons
living in poverty; 36% of Blacks versus 24% of
Hispanics and 5% of Whites lived in the most
impoverished census tracts. White adults in
census tracts with less than 5% of persons
living in poverty accounted for 34% of the
surveillance population but for only 23% of
cases; Blacks and Hispanics in census tracts
with 20% or more of persons living in poverty
together accounted for only 6% of the pop-
ulation but for 15% of cases.

The incidence of bacteremic pneumonia by
census tract poverty level, age category, and
racial/ethnic category is shown in Table 1.
Incidence generally increased with increasing
age. Among adults aged 18 to 79 years in all
racial/ethnic groups, the incidence of bacter-
emic pneumonia tended to be highest among
persons living in census tracts in which 20% or
more of the population lived below the poverty
level. At all levels of census tract poverty,
Blacks had a higher overall incidence of bac-
teremic pneumonia than did Whites and His-
panics (Figure 2). The RR comparing the in-
cidence between Black adults and White adults
was 2.40 (95% CI=2.24, 2.57). Overall in-
cidence rates among Hispanic adults generally
were similar to rates among non-Hispanic
Whites. When the analyses were restricted to
bacteremic pneumonia caused by H. influenzae,
group A streptococcus, and group B strepto-
coccus, the same pattern was observed of
a higher incidence in Blacks than in Whites and
in census tracts with 20% or more of persons
living in poverty than in those with less than
5% of persons living in poverty (data not
presented).

Incidence among Blacks residing in the most
impoverished census tracts was 4.44 times
that among Whites in the least impoverished
census tracts, 2.12 times that among Whites in
the most impoverished census tracts, and 2.97
times that among Blacks in the least impov-
erished census tracts. In each of the 9 surveil-
lance areas, Blacks had a significantly higher
incidence of bacteremic pneumonia than did
Whites in models including age groups. In the
multivariate analysis of factors associated with
the incidence of bacteremic pneumonia, the RR
for Blacks compared with Whites was 2.61
(95% CI=2.42, 2.81) in the model that in-
cluded age category, racial/ethnic category,
and surveillance area. When percentage of
census tract poverty was added to the model as
a categorical variable (Table 2), the RR for
Blacks compared with Whites declined 50% to
1.84 (95% CI=1.69, 2.00). When percentage
of census tract poverty was alternatively added
as a continuous variable, the RR for Blacks
compared with Whites also declined 50%
to 1.83 (95% CI=1.68, 2.00). In the full
multivariable model (Table 2), significant in-
dependent, positive associations were also ob-
served between the incidence of bacteremic

Note. Percentage of census tract poverty was defined according to the percentage of persons living below the federal poverty

threshold according to the 2000 US Census.20

FIGURE 2—Average annual incidence of invasive bacteremic pneumonia in adults, by race/

ethnicity and percentage of census tract poverty: Active Bacterial Core surveillance areas,

United States, 2003–2004.
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pneumonia and increasing age and increasing
percentage of census tract poverty, respectively.
The incidence of bacteremic pneumonia did
not differ significantly for Whites and Hispanics
when the analysis controlled for other factors.
Restricting the analysis to patients without HIV
infection resulted in lower RRs for Blacks versus
Whites before (1.84; 95% CI=1.68, 2.01) and
after (1.45; 95% CI=1.31, 1.60) control
for percentage of census tract poverty.

We also considered the effect on the RR
comparing the incidence of bacteremic

pneumonia between Blacks and Whites of
including different area-based socioeconomic
measures in separate models (supplemental
Figure A, available as a supplement to the
online version of this article at http://www.
ajph.org). Rate ratios comparing the incidence
among Black adults with the incidence among
White adults were significantly lower when an
area-based socioeconomic measure was in-
cluded in models, with the exception of models
that included percentage expensive homes or
percentage rural. The reduction in the Black to

White RR was greatest in the model including
percentage of census tract poverty, followed
by the model with median income category
(adjusted RR=1.93; 95% CI=1.77, 2.09) and
the model including the modified Townsend
index (adjusted RR=1.94; 95% CI=1.78, 2.11;
Table 2). According to the goodness-of-fit
measure (lowest AIC score), the model includ-
ing census tract poverty level explained more
of the variance in disease rates than did the
base model or any of the other 10 models that
included a census tract–level socioeconomic
measure. In each of the 9 surveillance popula-
tions, Black to White RRs were lower in models
including census tract poverty level; the RR was
significantly different for the Maryland surveil-
lance area (Black to White RR in the model
without percentage of census tract pov-
erty=3.18; 95% CI=2.75, 3.68; Black to White
RR in the model including percentage of census
tract poverty=1.89; 95% CI=1.58, 2.27).

The percentage of the incidence of bacter-
emic pneumonia among Blacks that would be
eliminated if they had the same risk as Whites
was 58.3%. Similarly, 64.1% of the incidence
of bacteremic pneumonia among adults in
the most impoverished census tracts would
be eliminated if these adults had the same
risk as those in the least impoverished census
tracts.

In the full multivariable model including age
category, racial/ethnic category, census tract
poverty level, and surveillance area, there were
significant 2-way interactions between race/
ethnicity and age group and between census
tract poverty level and age group. Differences
in the incidence of bacteremic pneumonia
between Blacks and Whites and across census
tract poverty levels were lower among adults
aged 65 years or older than in adults aged18 to
64 years (Table 3). Similar 2-way interactions
were observed in models that included other
census tract–level socioeconomic indicator
variables, such as median income or the
Townsend index (data not shown). There
were no significant 2-way interactions between
race/ethnicity and census tract–level socio-
economic measures.

DISCUSSION

The results of this analysis showed a strong
association between the socioeconomic

TABLE 2—Results of Multivariable Poisson Regression Analysis of Invasive Bacterial

Pneumonia Incidence in Adults, by Age, Race/Ethnicity, and Census Tract–Level

Socioeconomic Measures: ABCs Areas, United States, 2003–2004

Variable

Model 1, ARR

(95% CI)

Model 2, ARR

(95% CI)

Model 3, ARR

(95% CI)

Model 4, ARR

(95% CI)

Age, y

18–34 (Ref) 1.00 1.00 1.00 1.00

35–49 3.15 (2.78, 3.58) 3.30 (2.91, 3.75) 3.34 (2.95, 3.79) 3.34 (2.94, 3.80)

50–64 5.74 (5.05, 6.52) 5.92 (5.21, 6.72) 5.98 (5.28, 6.77) 6.04 (5.32, 6.86)

65–79 9.34 (8.21, 10.63) 9.27 (8.15, 10.56) 9.21 (8.11, 10.46) 9.48 (8.33, 10.79)

‡ 80 23.73 (20.81, 27.07) 23.02 (20.18, 26.25) 22.40 (19.69, 25.50) 23.15 (20.30, 26.40)

Race/ethnicity

White, non-Hispanic (Ref) 1.00 1.00 1.00 1.00

Black, non-Hispanic 2.61 (2.42, 2.81) 1.84 (1.69, 2.00) 1.93 (1.77, 2.09) 1.94 (1.78, 2.11)

Hispanic 1.12 (0.94, 1.33) 0.87 (0.73, 1.04) 0.91 (0.76, 1.08) 0.89 (0.75, 1.06)

Percentage of census

tract povertya

< 5 (Ref) 1.00

5–9.9 1.17 (1.07, 1.27)

10–19.9 1.45 (1.32, 1.58)

‡ 20 2.39 (2.16, 2.64)

Median incomeb

Lowest quintile 2.45 (2.19, 2.74)

Second quintile 1.67 (1.49, 1.86)

Third quintile 1.50 (1.34, 1.67)

Fourth quintile 1.27 (1.14, 1.41)

Highest quintile (Ref) 1.00

Townsend indexb

Lowest quintile (Ref) 1.00

Second quintile 1.15 (1.03, 1.29)

Third quintile 1.25 (1.12, 1.40)

Fourth quintile 1.50 (1.34, 1.67)

Highest quintile 2.17 (1.94, 2.43)

Note. ABCs = Active Bacterial Core surveillance; ARR = adjusted rate ratio; CI = confidence interval. All models included age
category, racial/ethnic category, and surveillance site.
aPercentage of census tract poverty was defined according to the percentage of persons living below the federal poverty
threshold set by the 2000 US Census.20

bDefined at the census tract level.
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characteristics of census tracts and the inci-
dence of bacteremic community-acquired
pneumonia among adults. For all racial/ethnic
groups examined, the incidence of bacteremic
pneumonia was dramatically higher in the most
impoverished census tracts than in the least
impoverished census tracts. Incidence rates and
trends among Hispanic adults were similar to
those among non-Hispanic Whites. The racial
differences in incidence were diminished but
not eliminated when we included an area-
based socioeconomic measure in the models.
Rather, area-based socioeconomic level and
race/ethnicity were independently associated
with disease risk. The incidence of bacteremic
pneumonia among Black adults living in the
most impoverished census tracts was twice that
of Whites in the most impoverished areas and
more than 4 times that of Whites in the least
impoverished census tracts. Collection and
analysis of data according to socioeconomic
measures are important for assessing public
health programs aimed at eliminating dispar-
ities in health outcomes.

This was the first multisite analysis of data
from the ABCs/Emerging Infections Program
network on invasive bacterial disease in the
US population that included census tract–level
socioeconomic measures. Studies in individual
surveillance areas have shown that the inci-
dence of invasive pneumococcal disease
is associated with county and census tract
characteristics, including median household

income and county AIDS prevalence.13,15 The
findings of this multisite analysis are relevant for
public health practice because data from this
surveillance system have been used to set and
track progress toward national health goals,
including Healthy People 2010.10,25 We found
that analysis according to census tract poverty
level, categorized a priori into 4 strata,19 was both
feasible and informative for examination of
racial/ethnic differences in the incidence of
bacteremic pneumonia among US adults. Over-
all, census tracts were identified for 90% of
patients on the basis of information obtained
from medical charts. Census tract characteristics
were available from the 2000 US Census.
Notably, the composite Townsend index per-
formed no better in Poisson models than did
census tract poverty level. Although area-based
socioeconomic measures were shown to be poor
surrogates for self-reported income in 1 study
of pneumococcal pneumonia,14 self-reported
income data are not routinely collected in ABCs.
As a single measure, census tract poverty level
could be used by public health programs to
measure and track area-based socioeconomic
inequalities in the incidence of bacteremic
pneumonia and should be included in future
analyses examining racial/ethnic disparities.

Associations between area-based socioeco-
nomic measures and health outcomes have
been described for a variety of communicable
and noncommunicable diseases.19 Such mea-
sures likely reflect a mixture of individual and
environmental risk factors for bacterial pneu-
monia in adults. Differences in the prevalence of
cigarette smoking, HIV/AIDS, asthma, and di-
abetes mellitus likely contribute to higher in-
cidence in more impoverished census tracts and
among Black adults than among White
adults.13,26,27 Restricting the analyses to patients
without HIV infection markedly reduced the
Black to White RR, although it remained signif-
icant before and after we adjusted for census
tract poverty level. Pneumococcal vaccination is
generally lower among Black and Hispanic
adults, although trends by income level are not
pronounced.28 Survival of healthier individuals
from all racial/ethnic and socioeconomic groups
might explain the reduced racial/ethnic disparity
and socioeconomic inequalities observed in
older age groups. In addition to individual-level
risk factors, poorer communities may have
greater exposure to indoor and outdoor air

TABLE 3—Results of Multivariable

Poisson Regression Analysis of Invasive

Bacterial Pneumonia Incidence in

Adults, by Age, Race/Ethnicity, and

Percentage of Census Tract Poverty:

ABCs Areas, United States, 2003–

2004

Variable by Age ARR (95% CI)

Race/Ethnicity

Adults aged 18–34 y

White, non-Hispanic (Ref) 1.00

Black, non-Hispanic 2.93 (2.26, 3.79)

Hispanic 1.20 (0.80, 1.79)

Adults aged 35–49 y

White, non-Hispanic (Ref) 1.00

Black, non-Hispanic 2.66 (2.28, 3.11)

Hispanic 0.87 (0.63, 1.19)

Adults aged 50–64 y

White, non-Hispanic (Ref) 1.00

Black, non-Hispanic 1.70 (1.44, 1.99)

Hispanic 0.70 (0.48, 1.02)

Adults aged 65–79 y

White, non-Hispanic (Ref) 1.00

Black, non-Hispanic 0.93 (0.74, 1.16)

Hispanic 1.15 (0.79, 1.68)

Adults aged ‡ 80 y

White, non-Hispanic (Ref) 1.00

Black, non-Hispanic 1.21 (0.93, 1.56)

Hispanic 0.66 (0.34, 1.27)

Percentage of census tract povertya

Adults aged 18–34 y

< 5% (Ref) 1.00

5%–9.9% 1.16 (0.82, 1.63)

10%–19.9% 1.29 (0.91, 1.81)

‡ 20% 2.06 (1.45, 2.91)

Adults aged 35–49 y

< 5% (Ref) 1.00

5%–9.9% 1.61 (1.31, 1.97)

10%–19.9% 2.13 (1.73, 2.62)

‡ 20% 5.69 (4.64, 6.99)

Adults aged 50–64 y

< 5% (Ref) 1.00

5%–9.9% 1.28 (1.08, 1.52)

10%–19.9% 1.74 (1.46, 2.09)

‡ 20% 3.37 (2.77, 4.10)

Adults aged 65–79 y

< 5% (Ref) 1.00

5%–9.9% 0.98 (0.83, 1.16)

10%–19.9% 1.35 (1.14, 1.61)

Continued

TABLE 3—Continued

‡ 20% 1.51 (1.19, 1.92)

Adults aged ‡ 80 y

< 5% (Ref) 1.00

5%–9.9% 0.92 (0.78, 1.08)

10%–19.9% 0.91 (0.76, 1.09)

‡ 20% 0.77 (0.58, 1.02)

Note. ABCs = Active Bacterial Core surveillance;
ARR = adjusted rate ratio; CI = confidence interval. The
model included the main effects of age category,
racial/ethnic category, percentage of census tract
poverty, and surveillance site, and 2-way interactions
between age and race/ethnicity and between age and
percentage of census tract poverty.
aPercentage of census tract poverty was defined
according to the percentage of persons living below
the federal poverty threshold per the 2000 US
Census.20
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pollutants that increase the risk of respiratory
diseases.29–32 Physiologic responses to chronic
stress associated with racism, poverty, and other
forms of social deprivation have been shown to
decrease immune function and may also con-
tribute to disease incidence.33–36 Targeting
public health interventions to poorer communi-
ties with high rates of disease, in addition to
targeting specific risk groups, could help to
improve effectiveness where prevention efforts
have stalled.37

Limitations

This analysis had several limitations. Race/
Ethnicity-specific incidence was underesti-
mated as the result of missing data on race/
ethnicity in medical records. Data on race/
ethnicity were missing for similar proportions
of patients according to age category and
census-tract socioeconomic stratum. Findings
regarding patients of Hispanic ethnicity should
be interpreted with caution; ethnicity was not
recorded in almost half of the medical charts,
and patients with missing ethnicity were as-
sumed to be non-Hispanic. The incidence in
Hispanic adults could have been higher than
that for White adults if Hispanic ethnicity
was underreported. Also, self-described race/
ethnicity in census data may differ from how
race/ethnicity is recorded in medical records.
Medical records generally do not record mul-
tiple-race categories; therefore, patients were
classified according to single-race categories
found in the 2000 US Census.20 Furthermore,
geocoding of patients to census tract of residence
was incomplete and may have resulted in dif-
ferential underestimation of incidence in rural
and more impoverished census tracts.

Conclusions

Our study highlights the importance of
collecting and analyzing socioeconomic data to
inform interventions and measure progress
toward eliminating racial/ethnic differences in
health status that may result from socioeco-
nomic inequalities. Coverage with pneumo-
coccal polysaccharide vaccine in adults has
stalled well below the Healthy People 2010
target of 90% in all racial/ethnic groups.7,25

New strategies are needed to increase vaccina-
tion coverage at the community level. Introduc-
tion of pneumococcal conjugate vaccines for
adults is expected to reduce pneumococcal

disease incidence and may have an impact on
socioeconomic and racial/ethnic disparities. Pre-
vention and treatment of chronic diseases and
HIV/AIDS and improved access to smoking
cessation programs in the poorest communities
could also lessen disparities in the incidence of
pneumonia. The results of our study also suggest
that economically disadvantaged communities
are likely to be hotspots for influenza–bacterial
coinfection and should receive particular
attention in pandemic influenza research and
planning. Analysis of socioeconomic data un-
derscores the need to address differential
exposures to poverty and other social deter-
minants of health as a means of reducing over-
all disease burden and promoting health
equity.38
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