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Socioeconomic and racial disparities in invasive pneumococcal disease among children less than 
five years of age in the post-pneumococcal conjugate vaccine era 

 
By Jennifer Oliver Spicer 

 
Objective: This study analyzed the independent effect of census tract-level socioeconomic 
characteristics on rates of IPD in children less than five years of age in addition to race-stratified 
estimates. 
 
Methods: Socioeconomic and racial trends in IPD incidence in the post-heptavalent 
pneumococcal conjugate vaccine (PCV7) era were examined for 905 children less than five years 
of age. Data were obtained through active laboratory- and population-based surveillance from the 
Centers for Disease Control and Prevention-sponsored Georgia Emerging Infections Program for 
the 20-county Metropolitan Atlanta region in Georgia for the time period of 2001 through 2009. 
Incidence rates were calculated by race and socioeconomic characteristics using data from the 
2000 US Census. Trends in IPD were determined by chi-squared tests for trend, and rate ratios 
(RRs) and 95% confidence intervals (CIs) were estimated using Poisson regression. 
 
Results: For 2001 through 2009, the average annual incidence of invasive pneumococcal disease 
was 46.1 cases per 100,000 in black children and 28.9 cases per 100,000 in white children 
(RR=1.60; 95% CI 1.49, 1.71). Race-stratified incidence rates demonstrated statistically 
significant linear trends between IPD rates and some census tract-level socioeconomic factors. In 
white children, there were trends of increasing IPD incidence as the percentage of low-income 
houses increased (p = 0.007). In black children, trends of increasing IPD incidence were observed 
as median household increased (p = 0.005), as census tract poverty decreased (p = 0.009), and as 
crowding decreased (p < 0.001). After adjusting for sex and race, only three socioeconomic 
measures showed significant associations with IPD incidence in at least one of their strata: 
percentage household crowding (RR=0.75; 95% CI 0.59, 0.96), percentage low-income 
households (RR=1.38; 95% CI 1.03, 1.84), and census tract median household income (RR=1.34; 
95% CI 1.07, 1.69). Race was still a significant predictor of disease even after controlling for sex 
and socioeconomic characteristics. 
 
Discussion: The estimated effect of socioeconomic characteristics on IPD rates differs by race. 
Although crowding, percentage low-income households, and median household income account 
for some health disparities in IPD rates in children, race remains an independent risk factor for 
IPD in children in the post-PCV7 era. 
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BACKGROUND & LITERATURE REVIEW 

Introduction 

Streptococcus pneumoniae is a leading cause of pneumonia and meningitis both 

worldwide and within the United States (1, 2).  Even though an adult vaccine has been available 

since 1977 and a childhood vaccine has been available since 2000, there is still significant 

morbidity and mortality associated with S. pneumoniae infections in the United States (3-5).  In 

2004, the United States had an estimated 4.0 million episodes of S. pneumoniae infection with 

approximately 774,000 emergency department visits, 445,00 hospitalizations, and 22,000 deaths 

(2). These illnesses resulted in an estimated $3.5 billion in direct costs to the healthcare system 

(2). 

With the recent focus on health disparities in the public health field, the Department of 

Health and Human Services has requested baseline data on the racial and socioeconomic health 

disparities of invasive S. pneumoniae infection in the United States with a specific focus on 

groups targeted by pneumococcal vaccines—the young and elderly (6).  Unfortunately, no 

baseline data concerning the socioeconomic health disparities of invasive S. pneumoniae infection 

in children was available for the Healthy People 2010 report (7). Collecting and analyzing 

information on the interaction of racial and socioeconomic disparities in invasive S. pneumoniae 

infection is important given the focus of Healthy People 2020 to identify and quantify social 

determinants of health (8). This study will provide baseline data for racial and socioeconomic 

disparities in invasive S. pneumoniae infection in children less than five years old in the post-

PCV7 vaccine era. 

 

Epidemiology of S. pneumoniae 

 S. pneumoniae causes bacterial disease in both children and adults. The spectrum of 

disease includes localized infections, such as otitis media and sinusitis, and more severe disease 

such as pneumonia, bacteremia, and meningitis. Invasive disease is defined as the isolation of S. 
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pneumoniae from a normally sterile body site such as blood or cerebrospinal fluid. Because of the 

significant morbidity and mortality related to it, invasive pneumococcal disease is often the focus 

of surveillance efforts in the United States.  

The introduction of the childhood heptavalent pneumococcal conjugate vaccine (PCV7) 

in 2000 resulted in a significant reduction in invasive pneumococcal disease in children less than 

five years (5, 9-12). In 1999, prior to the introduction of PCV7, the incidence of invasive 

pneumococcal disease was 87.4 cases per 100,000 children younger than five years (13). In 2010, 

ten years after the introduction of the vaccine, the incidence of invasive pneumococcal disease 

was 18 cases per 100,000 children younger than five years (14). The distribution of the 

manifestations of invasive pneumococcal disease has also changed since the introduction of 

PCV7 resulting in an increase in the percentage of bacteremic pneumonia cases (53.7% to 

69.3%), a decrease in the percentage of bacteremia without focus cases (37.6% to 17.9%), and a 

similar percentage of meningitis cases (5.2% to 6.0%) (13, 14). Vaccine uptake has been shown 

to vary by race, poverty, and education, which suggests that reductions in the incidence of 

pneumococcal disease likely differs according to racial and socioeconomic groups (11, 15, 16).  

Besides race and socioeconomic status, risk factors for S. pneumoniae infection include 

gender, age, preceding viral respiratory infections, chronic medical conditions, group child care, 

exposure to smoking, lack of breastfeeding, and non-private health insurance (10, 17, 18). 

Multiple studies have shown that rates of invasive pneumococcal disease are higher in male 

children, although this observed difference does not consistently demonstrate statistical 

significance (10, 18).  Invasive pneumococcal disease is more prevalent at the extremes of age, 

especially in children younger than five years and adults older than 65 years (4, 10, 19). Chronic 

medical conditions in children that increase the risk for invasive pneumococcal disease include 

chronic cardiopulmonary disease, diabetes mellitus, asplenia, liver disease, neurological 

malformations, chronic renal failure, cancer, transplants, immunosuppressive medications, sickle 

cell disease, and HIV (17, 20). HIV, sickle cell disease, and hematological malignancies, in 



3 
  

particular, predispose children to invasive pneumococcal disease, with the risk of disease in those 

populations shown to be approximately fifty times greater than in healthy children (17, 21, 22). 

 

Racial Disparities in Invasive Pneumococcal Disease 

 Rates of invasive pneumococcal disease are typically higher in non-white populations as 

compared to whites. Certain small subpopulations have been found to have markedly increased 

rates of invasive pneumococcal disease as compared to the general population. American Indians 

and Alaskan Natives have between two and eight times higher incidence rates of invasive 

pneumococcal disease as compared to the general population, and these higher rates of disease 

are observed in all age groups, particularly in children less than two years of age (4, 23). In the 

1980s, the White Mountain Apache tribe in eastern Arizona had the highest rates of disease of 

any known United States population with 2,396 cases per 100,000 persons for children aged 

between one and two years (24). Interestingly, multiple studies have demonstrated that the rates 

of invasive pneumococcal disease in Hispanic populations are similar to those of white 

populations (18, 19). 

 In the United States, black populations have higher rates of disease than white 

populations. Prior to the introduction of PCV7, most studies demonstrated that blacks had two to 

three times higher rates of invasive pneumococcal disease compared to whites in all age groups 

even after controlling for factors such as income, underlying disease, and sex (25-27). Racial 

disparities decreased with increasing age, and some studies demonstrated that race was not an 

independent risk factor for invasive pneumococcal disease among elderly individuals (4, 26). 

Since the introduction of the PCV7, racial disparities between black and white populations have 

decreased, but racial differences in invasive pneumococcal disease still exist even after adjusting 

for potential confounders (10, 20, 28-31). Many possible explanations exist for these racial 

disparities including differences in socioeconomic status, underlying disease rates, and genetic 

predisposition to particular S. pneumoniae seroptypes. 
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Socioeconomic Health Disparities 

Although racial disparities in health have been well characterized in the literature, 

socioeconomic factors, such as income, poverty, wealth, education, and crowding, have been 

increasingly recognized as causes of health disparities. Recent studies have shown that 

socioeconomic factors can affect health in varying ways. Infectious diseases such as chlamydia, 

gonorrhea, syphilis, tuberculosis, and influenza are typically associated with high levels of 

poverty and crowding (32-34). Intentional weapons-related injuries, low birth weight, and 

childhood lead poisoning are also more prevalent in areas with high poverty and low education 

levels (33, 35).  

Although adverse health outcomes are typically associated with “worse” socioeconomic 

measures (e.g. high crowding, low education levels, high poverty, etc.), some studies have found 

the inverse to be true. One study found that the age-adjusted rates of breast cancer were higher in 

areas with a high median household income and low neighborhood poverty levels. In the same 

study, lung cancer and cervical cancer were associated with low median household income and 

high neighborhood poverty levels whereas colon cancer was not significantly associated with 

either median household income or neighborhood poverty levels (36). All of these examples 

illustrate that socioeconomic status and health are often interrelated, but the direction of the 

relationship depends on the disease being examined. 

 

Geocoding and Area-Based Socioeconomic Measures 

Analyzing socioeconomic health disparities is a recent development in the public health 

field because few public health surveillance systems collect socioeconomic data. To overcome 

this issue, the Harvard Public Health Disparities Geocoding Project has developed a standardized 

method for including socioeconomic variables in public health research (37). Instead of relying 

on limited or absent socioeconomic data in surveillance systems, they recommend using 

population-level socioeconomic characteristics collected through census forms. By using the 
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addresses of individuals in public health datasets, it is possible to assign each person to a small 

geographic area on a map in a process called geocoding; then, using the socioeconomic data 

collected on census forms, it is possible to obtain information on the average educational level, 

median household income, percentage of household crowding, and other environmental 

socioeconomic characteristics of the area in which that individuals lives. Although this method 

does not necessarily identify the individual’s socioeconomic status, it provides information about 

the social environment of the individual. These environmental socioeconomic measures are 

referred to as area-based socioeconomic measures (ABSMs). 

Census data is collected from and compiled for many different geographic areas—state, 

city, county, zip code, census tract, and block group. In the past, studies used zip codes to connect 

census data to individuals, but zip codes are large, heterogeneous areas containing individuals 

from a variety of socioeconomic backgrounds (38). In contrast, the U.S. census bureau defines 

census tracts as permanent geographic areas containing between 2,500 and 8,000 residents with 

similar social and economic characteristics. The Harvard Public Health Disparities Geocoding 

Project examined the relationship between socioeconomic variables and the population health 

outcomes of three different geographic levels—zip codes, census tracts, and block groups—and 

found that census tract level analysis yields the most consistent results while still successfully 

matching most individuals to a geographic region (39).  

Through their project, the Harvard investigators also developed and tested a number of 

standardized ABSMs collected at the census tract level that they recommend using to assess 

socioeconomic health disparities. The ABSMs suggested by the Harvard Public Health 

Disparities Geocoding Project are not necessarily proxies for individual-level socioeconomic 

characteristics but rather provide complimentary information about an individual’s 

socioeconomic environment (37, 40). Since census tracts are relatively small, homogenous areas, 

all individuals within those areas are more likely to experience the same socioeconomic 

environment. Studies have shown that the use of ABSMs or individual-level socioeconomic 
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characteristics in health research results in similar conclusions about associations and their 

direction (positive or negative); ABSMs, however, tend to underestimate the effect of 

socioeconomic status on health outcomes as compared to the individual-level variables (20, 37).  

 

Socioeconomic Measures and S. pneumoniae Infection  

Many studies include socioeconomic variables in an attempt to “control” for 

socioeconomic confounders rather than looking at socioeconomic variables as exposures. With 

the recent focus on health disparities, studies like the Harvard Public Health Disparities 

Geocoding Project are using socioeconomic factors to describe health disparities and identify 

possible mechanistic pathways through which socioeconomic factors affect health. For this 

analysis, a number of socioeconomic factors were identified that could potentially be 

mechanistically related to invasive pneumococcal disease: income, poverty, wealth, education, 

and crowding. 

Income, poverty, and wealth all measure the financial status of a neighborhood, which 

could affect invasive pneumococcal disease rates in a variety of manners. Impoverished 

neighborhoods could have higher rates of invasive pneumococcal disease if individuals fail to get 

vaccinated or avoid early medical attention due to the prohibitive costs of medical care; 

conversely, impoverished neighborhoods could have lower rates of disease if free clinics in the 

area result in increased vaccine rates. Previous studies examining household income as a risk 

factor for invasive pneumococcal disease have found that low household income is associated 

with a higher rate of disease (18, 20, 26, 27, 29, 41). In one of the studies, both self-reported and 

census tract level household income data was used; although a significant association was found 

when using self-reported income, no significant difference in invasive pneumococcal disease 

rates was found when using census tract level income data (20). In contrast, two studies, one in 

the pre-PCV7 era and one in the post-PCV7 era, found that rates of invasive pneumococcal 

disease were highest in either the middle- or high-income strata (29, 42). When trends were 
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examined stratified on age or race, the conclusions regarding the association between invasive 

pneumococcal disease rates and income differed depending on the study (26, 27, 29, 41).  

 Education is another socioeconomic variable that could potentially affect the incidence 

of invasive pneumococcal disease in a community. Education affects knowledge and attitudes 

about vaccination and other disease prevention strategies. Individuals with higher education could 

have a tendency to ask for vaccines because they are aware of the benefits of vaccination; 

alternatively, individuals with higher education could be more likely to refuse vaccination 

because they are aware of the potential side effects of vaccination. Two studies looking at self-

reported individual-level education found that lower levels of education were associated with 

higher rates of invasive pneumococcal disease (18, 20). 

 Crowding is the final socioeconomic factor that will be examined. Respiratory diseases, 

such as S. pneumoniae, are typically associated with crowding, since the causative organisms are 

spread through respiratory droplets or secretions. Previous outbreaks of S. pneumoniae have been 

associated with closed communities with high levels of crowding (43-45). In a case-control study 

examining risk factors for invasive pneumococcal disease, sharing a bedroom with more than one 

other person was associated with an increased risk of invasive pneumococcal disease (18).  

All of these studies suggest that socioeconomic factors are associated with invasive 

pneumococcal disease rates. The direction of the association, however, depends on the population 

studied, suggesting that age, race, and other factors affect the relationship.  

 

Thesis Rationale and Objective 

 Describing the socioeconomic health disparities of invasive pneumococcal disease in 

vaccine-targeted populations—children < 5 years and adults > 65 years—is listed as an objective 

for Healthy People 2020 (6). Although eight previous studies have examined the association 

between socioeconomic status and invasive pneumococcal disease, only three of those studies 

have specifically described this relationship in children younger than five years (Table 1) (18, 26, 
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27).  Two of those three studies occurred before the introduction of the PCV7 vaccine, which has 

been shown to alter the association between socioeconomic factors and invasive pneumococcal 

disease rates, especially within particular racial groups (29). The one post-vaccination study that 

specifically looked at the effect of socioeconomic status in children failed to analyze race-

stratified estimates of invasive pneumococcal disease rates even though socioeconomic status has 

been shown to affect racial groups differently (18, 29). 

 This analysis will investigate the association between census tract socioeconomic factors 

and rates of invasive pneumococcal disease in children under five years of age in the post-PCV7 

vaccination era using surveillance data from the Georgia Emerging Infections Program (EIP) 

office. Socioeconomic variables will be chosen based on the recommendations of the Harvard 

Health Disparities Geocoding Project in addition to considering which of those variables could 

have a mechanistically plausible association with invasive pneumococcal disease rates. Results 

will be stratified by race since previous studies suggest that an interaction exists between 

socioeconomic status and race (29, 46). I hypothesize that the rate of invasive pneumococcal 

disease in children less than five years of age will be higher in areas with lower socioeconomic 

status (i.e. high poverty, low household income, low wealth, low educational level, or high 

crowding). In addition, I hypothesize that the gradient of socioeconomic disparities in invasive 

pneumococcal disease rates will be greater in white children as compared to black children.  
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METHODS 

Study Population 

The U.S. Centers for Disease Control and Prevention’s Active Bacterial Core 

surveillance/Emerging Infections Program (EIP) network consists of ten state health departments 

and their collaborators who conduct active population-based laboratory surveillance for a variety 

of infectious diseases, including invasive Streptococcus pneumoniae infection. Cases are 

identified through weekly calls to clinical laboratories and periodic audits of laboratory records. 

Clinical and demographic data are collected from medical records for each case, recorded on a 

case report form, and entered into the EIP database. In Georgia, this surveillance area consists of 

the 20-country Metropolitan Atlanta area.  

For this analysis, the study population included all cases of invasive pneumococcal 

disease in children less than five years of age identified through active population-based 

laboratory surveillance in the 20-county Metropolitan Atlanta area from 2001 – 2009. Invasive 

pneumococcal disease was defined as any case where S. pneumoniae was isolated from a 

normally sterile body site including blood, cerebrospinal fluid, pleural fluid, peritoneal fluid, 

pericardial fluid, joint, muscle, bone, or other internal body site. The time period 2001 – 2009 

was chosen to represent the post-PCV7 era since the vaccine was introduced in mid-2000 (9). 

 

Geocoding and US Census Data 

According to the U.S. Census Bureau, census tract are small geographic areas containing 

between 2,500 and 8,000 individuals with similar socioeconomic conditions (38). Census tracts 

are the most appropriate geographic regions to use when examining the effect of socioeconomic 

variables on health outcomes (35, 37). The 20-county Atlanta Metropolitan surveillance area 

contained 660 census tracts according to the 2000 U.S. Census. Using addresses obtained from 

the Georgia EIP case report forms, each case in this analysis was assigned to a census tract from 

the 2000 U.S. Census using ArcView/ArcGIS 10.1 (ESRI, Redlands, CA). After assigning cases 
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to census tracts, race- and gender-specific population denominators for children less than five 

years were obtained from the 2000 U.S. Census for each census tract. 

 

Socioeconomic Variables 

 Since most public health databases do not contain socioeconomic data, area-based 

socioeconomic measures from U.S. Census data have been recommended for analyzing 

socioeconomic health disparities (37). These area-based socioeconomic measures represent the 

environmental socioeconomic characteristics of individuals and add complimentary information 

to any individual-level socioeconomic information collected in studies. The socioeconomic 

variables used in this analysis were based on those recommended by the Harvard Public Health 

Disparities Geocoding Project (36). 

 Socioeconomic measures for each census tract were downloaded from the U.S. Census 

2000 Summary 3 File which contains population and household data from the census’s log form 

questionnaire. Since this information is only collected in the decennial census, data from the 2000 

census was used for all cases in this analysis. Variables were created to represent census tract 

level measures of poverty, wealth, income, education, and crowding. Those variables were 

categorized using percentile distributions, such as quintiles, or a priori delineations suggested by 

the Public Health Disparities Geocoding Project. 

 Census tract poverty was defined as the percentage of the households in the census tract 

with incomes below the federally defined poverty level and was categorized using quintiles and a 

priori categories. The a priori categorization was stratified into four levels: 0 to 4.9%, 5.0 to 

9.9%, 10.0 to 19.9%, and greater than 20% of households living below the federally defined 

poverty level. Using quintiles, census tract poverty was stratified into five levels: 0 to 3.3%, 3.4% 

to 5.8%, 5.9% to 9.0%, 9.1% to 15.1%, and greater than 15.2% of households living below the 

federally defined poverty level.  
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 Census tract wealth was defined as the percentage of owner-occupied homes worth 

greater than or equal to 400% of the U.S. median value of owned homes. This variable was 

categorized into four levels using a priori categorization: 0 to 4.9%, 5.0 to 9.9%, 10.0 to 19.9%, 

and greater than 20% of owner-occupied homes in the census tract worth greater than or equal to 

400% of the U.S. median value of owned homes. 

 Income was defined as median household income. This data was used to create three 

income variables: median household income, low income, and high income. Median household 

income for each census tract was categorized into quintiles resulted in five levels: $0 to $35,416, 

$35,416 to $44,329, $44,330 to $52,935, $52,935 to $67,946, and greater than $67,946 median 

household income. Low income was defined as the percentage of households with a median 

household income less than 50% of the U.S. median household income. Low income was 

categorized into four levels: 0 to 4.9%, 5.0 to 9.9%, 10.0 to 19.9%, and greater than 20% of the 

households in the census tract with a median household income less than 50% of the U.S. median 

household income. High income was defined as the percentage of households with median 

household incomes greater than 400% of the U.S. median household income. High income was 

categorized into four levels: 0 to 4.9%, 5.0 to 9.9%, 10.0% to 19.9%, and greater than 20% of 

households in the census tract with median household incomes greater than 400% of the U.S. 

median household income. 

 Two variables were created to represent education: high education and low education. 

High education was defined as the percentage of persons in each census tract aged 25 years or 

older with at least a Bachelor’s degree and was categorized into four levels: 0% to 14.9%, 15.0 to 

24.9%, 25.0% to 39.9%, and greater than 40% of persons in the census tract aged 25 years or 

older with a Bachelor’s degree or higher degree. Low education was defined as the percentage of 

persons in each census tract aged 25 years or older with less than a 12th grade education, 

including those who completed 12th grade but did not receive a degree. Low education was 
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categorized into four levels: 0% to 14.9%, 15.0 to 24.9%, 25.0% to 39.9%, and greater than 40% 

of persons in the census tract aged 25 years and older without a high school degree. 

 Crowding was defined as the percentage of households in each census tract with equal to 

or greater than one person per room. This variable was categorized using quintiles and a priori 

categories. The a priori categorization was divided into four levels: 0% to 4.9%, 5.0% to 9.9%, 

10.0% to 19.9%, and greater than 20% of households in the census tract with equal to or greater 

than one person per room. The quintile categorization was divided into five levels: 0% to 1.4%, 

1.5% to 2.9%, 3.0% to 5.1%, 5.2% to 9.5%, and greater than 9.6% of households in the census 

tract with equal to or greater than one person per room. 

 

Case Variables 

In addition to socioeconomic factors, a number of case variables were included in this 

analysis because of their association with invasive pneumococcal disease. Race was the primary 

covariate of interest because of its known association with both socioeconomic status and 

invasive pneumococcal disease rates (28-30, 46). Race was classified as white, black, or other. 

Other race included Asian, American Indian/Alaskan Native, and Native Hawaiian/Other Pacific 

Islander races. For those cases missing race (12.3%), race was assigned according to the race that 

represented the majority of children less than five years of age within the case’s census tract since 

analyses excluding those individuals with missing race yielded similar results. 

Additional covariates of interest included sex, vaccination status, and the presence of 

underlying diseases known to predispose individuals to invasive pneumococcal disease. Sex was 

classified as male or female and was obtained from the case report form. Vaccination status was 

defined as yes if the individual had received at least one dose of the pneumococcal conjugate 

vaccine (PCV7 or PCV13) prior to the positive culture date, no if the individuals had received no 

doses of the vaccine prior to the positive culture date, and unknown if the individual’s vaccination 

history could not be obtained after checking with the individual’s physician office and the 
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Georgia Immunization Registry. The presence of underlying disease was coded as yes if the 

individual was identified to have an underlying disease that could predispose him to invasive 

pneumococcal disease, no if the individual had no underlying disease, and unknown if the 

patient’s chart was unavailable for review. Underlying diseases that could predispose the 

individual to invasive pneumococcal disease included asthma, immunosuppressive therapy, sickle 

cell disease, solid organ malignancy, leukemia, premature birth, organ transplant, nephrotic 

syndrome, globulin deficiency, HIV/AIDS, or other disease. 

Additional variables examined to describe the cases included age, clinical manifestation 

of disease, S. pneumoniae strain, hospitalization, length of hospital stay, and admission to the 

intensive care unit (ICU). Age was analyzed both as a categorical variable of age in years and a 

continuous variable of age in months. Clinical manifestation of disease refers to the type of 

infection cause by the organism and was coded as bacteremia without focus, meningitis, otitis 

media, pneumonia, or other (cellulitis, epiglottitis, hemolytic uremic syndrome, abscess, 

peritonitis, pericarditis, septic arthritis, osteomyelitis, empyema, endocarditis, soft tissue skin 

infection, streptococcal toxic shock syndrome, necrotizing fasciitis, or septic shock). S. 

pneumoniae strain was categorized as strains included in the PCV7 vaccine (4, 6B, 9V, 14, 18C, 

19F, or 23F) or non-PCV7 strains (all other strains). Hospitalization was categorized as yes if the 

individual was hospitalized, no if the patient was not hospitalized, or unknown if this information 

was not obtainable. Length of hospital stay was a continuous variable recorded in days. 

Admission to the ICU was categorized as yes if the patient was admitted to the ICU during 

hospitalization, no if the patient was not admitted to the ICU during hospitalization, or unknown 

if this information was not available upon medical record review. 

 

Statistical Analyses 

 Case information including sex, age, vaccination status, clinical manifestation of disease, 

underlying diseases, hospitalization status, admission to the ICU, length of hospital stay, and S. 
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pneumoniae strain was stratified on race. Statistical differences between white and black cases 

were examined using chi-square tests for categorical variables and t-tests for continuous 

variables. 

Average annual incidence rates were calculated by dividing the average number of cases 

in 2001 to 2009 by the population of children under five years of age in the surveillance area 

according to the 2000 U.S. Census data. Stratified incidence rates were calculated for race, sex, 

and socioeconomic variable categories. The chi-squared test for trend was used to analyze trends 

in incidence for each socioeconomic variable. Incidence rates could not be stratified by age 

because the 2000 U.S. Census did not contain population denominators stratified on both age and 

race for children under five years of age. 

 Poisson regression was used to calculate rate ratios (RRs) and 95% confidence intervals 

(CIs). The dependent variable for Poisson regression was the number of invasive pneumococcal 

disease cases for each racial, gender, and socioeconomic category. Independent variables 

included race, gender, and a census-tract level socioeconomic measure. Only one socioeconomic 

variable was included per model. Interactions between race and socioeconomic variables were 

analyzed for each model, and race-specific rates were also reported. In order to identify if any of 

the socioeconomic measures explained racial disparities in invasive pneumococcal disease in 

children, ten independent models were created containing race, sex, one socioeconomic measure, 

and an interaction term for race and the socioeconomic measure if significant. Other race was 

excluded from models due to low numbers of cases. Adjusted RRs for all variables were reported.  

 Vaccination status and underlying disease could not be included in the model because 

denominator data did not exist for those variables at the census tract level. To assess the effect of 

those variables, cases were stratified on vaccination status or underlying disease, and race-

stratified RRs were reported. 

All statistical analyses were performed in SAS Version 9.3 (SAS Institute Inc, Cary, NC). 

Significance was defined as a 2-tailed p-value < 0.05.  
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RESULTS 

From 2001 to 2009, there were 935 cases of invasive pneumococcal disease in children 

less than five years of age. A total of 905 (96.8%) cases were able to be geocoded. The remaining 

cases (n=35) were unable to be geocoded due to invalid address (69%) or post office box (31%).   

The cases consisted of approximately equal numbers of white (n=452) and black (n=415) children 

with a small number of children of other race (n=38) (Table 2). The majority of the cases were 

male (60.1%), and the mean age of the cases was 20.2 months (standard deviation (SD) = 14.6 

months). Vaccination status was known for 57.9% of cases; for those with known status, 431/524 

(82%) were known to have received at least one dose of the PCV7 vaccine, and most of the cases 

were infected with non-PCV7 S. pneumoniae strains (84.1%). Clinical manifestations of S. 

pneumoniae infection included bacteremia with unknown secondary focus (46.6%), pneumonia 

(30.8%), otitis (13.4%), meningitis (7.6%) and other conditions (6.6%). Hospitalization occurred 

in 43.9% of cases with a median hospital stay of 5.0 days (interquartile range (IQR) = 7.0 days). 

Very few cases were admitted to the intensive care unit (0.8%), although ICU admission status 

was unknown in the majority of cases (66.4%). White and black children with invasive 

pneumococcal disease differed significantly by average age (white=18.9 months, black=21.2 

months, p=0.024) and by clinical manifestation of disease. The prevalence of pneumonia among 

black cases was higher than among white cases (35.2% vs. 26.6%; p-value = 0.006), whereas the 

prevalence of meningitis among white cases was higher than among black cases (10.0% vs. 5.5%; 

p-value = 0.016).  

Most of the cases were known to have no underlying diseases predisposing them to 

invasive pneumococcal disease (69.6%). Among those with underlying diseases, asthma was the 

most prevalent (n=82), followed by immunosuppressive therapy (n=23), sickle cell disease 

(n=21), and solid organ malignancies (n=17) (Table 3). Diseases significantly more prevalent in 

blacks cases as compared to white cases included asthma (n=49 vs. n=29) and sickle cell disease 

(n=21 vs. n=0). Other illnesses were significantly more prevalent in white cases compared to 
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black cases; these were solid organ malignancies (n=14 vs. n=3), leukemia (n=10 vs. n=1), and 

immunosuppressive therapy (n=21 vs. n=2). 

According to the U.S. Census 2000 data, the Metropolitan Atlanta surveillance area 

contained 307,010 children less than five years of age of which 56.7% were white, 32.6% were 

black, and 10.7% were of another race including American Indian/Alaskan Native, Asian, or 

Hawaiian/Pacific Islander (Table 4). Black children were more likely to live in census tracts with 

high percentages of poverty and low percentages of wealth than white children (Figures 1 - 3). A 

larger proportion of white children lived in census tracts with high median household incomes 

compared to black children (Figures 4 – 6). A higher percentage of white children lived in census 

tracts where individuals graduated from high school and obtained a Bachelor’s degree as 

compared to black children (Figures 7 and 8). A larger population of black children lived in 

census tracts with high levels of crowding compared to white children (Figures 9 and 10).  

 Among the total population, chi-squared trend analysis revealed a statistically significant 

linear trend between invasive pneumococcal disease rates in children and all of the area-based 

socioeconomic measures except for crowding (Table 5).  Invasive pneumococcal disease 

incidence rates increased with increasing levels of poverty and lack of a high school degree, and 

decreased with increasing levels of wealth and increasing median household income increased. 

 The rate of invasive pneumococcal disease differed significantly by sex and race (Table 

6). Females had lower rates of disease than males (RR=0.70, 95% CI=0.65, 0.74). The rate of 

invasive pneumococcal disease in black children was 1.60 times the rate in white children (95% 

confidence interval (CI) = 1.49, 1.71).  

 After stratifying invasive pneumococcal disease incidence rates by race, statistically 

significant linear trends between disease incidence and area-based socioeconomic measures were 

observed only for low-income census tracts among white children (p=0.007), and for poverty 

(p=0.009), median household income (p=0.005), and crowding  (p<0.001) among black children 

(Table 7). Among black children, the incidence of invasive pneumococcal disease decreased with 
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increasing levels of poverty (Figures 11 and 12), increased with increasing median household 

income (Figure 13), and decreased with increasing household crowding (Figures 14 and 15). 

Among white children, the incidence of invasive pneumococcal disease increased as the 

percentage of households in the census tract with low income increased; among black children, 

the opposite trend was seen, but it was not a statistically significant linear trend (Figure 16). No 

significant trends were observed in white or black children for census tract wealth, high income, 

low education, or high education (Figures 17-20).  

 For almost all socioeconomic measures, black children had significantly higher rates of 

invasive pneumococcal disease than white children when comparing individuals within the same 

socioeconomic level (Table 8). For poverty, significant differences between black and white 

children within the same poverty level were seen when using the a priori categorization of the 

variable, but significant differences in rate where not seen when using the quintile categorization 

of the variable. All of the other socioeconomic measures showed significant differences in 

invasive pneumococcal disease rates between black and white children within at least one, if not 

all, of the categories of each variable. 

  Restricting the analysis to children without underlying diseases did not change the results 

of the analysis (Table 9). Census tracts with the highest percentage of household poverty had 

higher rates of disease than census tracts with the lowest percentage of household poverty in the 

total population both among those with underlying disease (RR=1.41, 95% CI=1.03, 1.92) and 

without underlying disease (RR=1.22, 95% CI 1.01, 1.47). High poverty levels led to higher rates 

of disease in white populations with underlying disease (RR=5.48, 95% CI 1.97, 15.21) and 

without underlying disease (RR=1.43, 95% CI 1.01, 2.01); however, among black children, high 

poverty was significantly associated with lower rates of disease, but only among children without 

underlying disease (RR=0.64, 95% CI 0.43, 0.95). High percentages of census tract crowding was 

associated with lower rates of disease among black children both with underlying disease 
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(RR=0.42, 95% CI 0.18, 0.96) and without underlying disease (RR=0.65, 95% CI 0.48, 0.88), but 

there was no statistically significant association among white children. 

 Stratifying the results on vaccination status resulted in significant differences in the 

association between socioeconomic measures and invasive pneumococcal disease rates (Table 

10). Among the total population, high census tract poverty levels was associated with increased 

rates of disease in unvaccinated individuals (RR=4.47, 95% CI 2.97, 6.74) but showed no 

association in vaccinated individuals (RR=0.87, 95% CI 0.66, 1.15). Among black children, high 

poverty levels resulted in lower rates of disease among vaccinated individuals (RR=0.47, 95% CI 

0.29, 0.75) but higher rates of disease among unvaccinated individuals (RR=4.70, 95% CI 1.61, 

13.76). Among the total population, high levels of census tract crowding were associated with 

lower rates of disease in vaccinated individuals (RR=0.72, 95% CI 0.57, 0.92), but higher rates of 

disease in unvaccinated individuals (RR=1.93, 95% CI 1.19, 3.13). Among black children, high 

levels of census tract crowding also was associated with lower rates of disease in vaccinated 

individuals (RR=0.51, 95% CI 0.35, 0.75) but not in unvaccinated individuals (RR=2.13, 95% CI 

0.71, 6.42). 

 How each area-based socioeconomic measure affected racial disparities in invasive 

pneumococcal disease was investigated by analyzing ten separate models that adjusted for sex, 

race, one area-based socioeconomic measure, and an interaction term between race and the 

socioeconomic measure if appropriate. After adjusting for sex and race, only percentage of census 

tract household crowding (RR=0.75; 95% CI 0.59, 0.96), percentage of census tract low-income 

households (RR=1.38; 95% CI 1.03, 1.84), and census tract median household income (RR=1.34; 

95% CI 1.07, 1.69) showed significant associations with invasive pneumococcal disease in 

children in at least one of their strata (Tables 11-14). In each model, black race was still 

significantly associated with increased rates of invasive pneumococcal disease. Socioeconomic 

factors did not appear to explain racial disparities observed in childhood invasive pneumococcal 

disease. 
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DISCUSSION 

 This was the first study to examine the race-stratified effect of area-based socioeconomic 

measures on invasive pneumococcal disease rates in children in the post-PCV7 era. The results of 

this analysis demonstrated that although some area-based socioeconomic measures are associated 

with invasive pneumococcal disease rates, none of those associations account for the racial 

disparities seen in invasive pneumococcal disease rates. After controlling for area-based 

socioeconomic measures, disease rates in black children were still 1.56 to 2.39 times the rate of 

disease in white children indicating that socioeconomic status does not fully explain racial 

disparities in invasive pneumococcal disease in children. 

This analysis showed that as socioeconomic status worsened (e.g. lower educational 

level, higher household poverty, etc.), rates of invasive pneumococcal disease typically increased 

although not all trends were statistically significant. After controlling for race and sex in the 

multivariate analyses, only median household income and crowding were significantly associated 

with invasive pneumococcal disease rates in children less than five years of age. Those results 

highlight that socioeconomic measures are not exchangeable when examining health outcomes 

indicating that socioeconomic variables should be chosen carefully based on their mechanistic 

plausibility for causing disease. 

Like some previous studies, no significant association was found between most of the 

area-based socioeconomic factors and invasive pneumococcal disease rates. For example, one 

study from the pre-PCV7 era found that in children less than five years of age, there was no 

significant trend in invasive pneumococcal disease rates across income brackets (27). Although a 

trend is typically observed in adults, this trend might be absent in children because government 

insurance programs allow almost all children to receive health insurance and medical attention, 

narrowing the gap between medical care access for the rich and poor. Alternatively, that trend 

may be because high-income families are more likely to use group day care than low-income 
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families, which could raise the disease risk of high-income children to that of low-income 

children (47).   

 It is also possible that there is an association between socioeconomic factors and invasive 

pneumococcal disease rates in children but that this study did not find those associations. 

Previous studies have shown that area-based socioeconomic measures tend to underestimate the 

effect of socioeconomic factors on outcomes (37). In one particular study, no significant 

association was observed between census block group income levels and invasive pneumococcal 

disease rates even though a significant association was observed when using self-reported income 

(20). In addition, it is possible that the socioeconomic measures are not fully representing the 

relevant exposures. For example, the number of years of schooling may not matter as much as the 

quality of schooling does. Unfortunately, socioeconomic variables used in this study only 

measured quantitative data, such as years of schooling or income, rather than more indirect 

qualitative data such as quality of education or ability to use income effectively.  

 The association between socioeconomic factors and invasive pneumococcal disease 

differed significantly by race in this analysis, sometimes even resulting in inverse trends in white 

versus black children. With poverty as an example, the highest rates of disease for white children 

were seen in the most impoverished census tracts whereas the highest rates of disease for black 

children were seen in the least impoverished census tracts. Despite these differences, black 

children consistently had higher rates of disease compared to white children within the same 

socioeconomic strata. Because the direction of the association between socioeconomic variables 

and the rate of invasive pneumococcal disease differed by race, future studies examining the 

reason for the relationship between socioeconomic factors and disease rates should consider 

stratifying on race. 

 The results seen among black children in this analysis were unexpected. Among black 

children, worse socioeconomic conditions were associated with lower rates of invasive 

pneumococcal disease. High percentages of census tract poverty and household crowding resulted 
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in significantly lower rates of invasive pneumococcal disease whereas census tracts with high 

median household income had higher rates of disease. These unexpected results likely indicate 

the presence of an unmeasured confounder in the black population. Access to or utilization of 

healthcare could potentially explain these results.  

Vaccination status is one aspect of healthcare utilization that was available in the dataset. 

When results were stratified on vaccination status, the association between socioeconomic 

variables and invasive pneumococcal disease differed substantially for vaccinated and 

unvaccinated populations. For example, in vaccinated populations crowding was associated with 

lower rates of disease whereas in unvaccinated populations crowding was associated with higher 

rates of disease. These results demonstrate that socioeconomic factors are probably more 

important predictors of disease for unvaccinated individuals.  

Interestingly, high crowding appears to be associated with lower rates of invasive 

pneumococcal disease among vaccinated individuals. One possible explanation for that 

observation relates to differences in healthcare practice. Free clinics tend to be prevalent in 

impoverished, crowded areas. Sick children living in these areas who visit the free clinics may 

receive empiric antibiotic treatment for infections rather than blood cultures and other costly 

diagnostic tests. Therefore, those children are less likely to be diagnosed with invasive 

pneumococcal disease because they receive fewer diagnostic tests than their wealthier 

counterparts. Children living in less impoverished, crowded areas may visit emergency rooms or 

private pediatric offices that are more likely to use diagnostic tests like blood cultures, which 

results in a higher detection of invasive pneumococcal disease in these areas.  

 Although the inverse association of invasive pneumococcal disease with crowding and 

poverty has not been previously observed in children in the United States, a similar association 

has been observed in other populations. A study of invasive Haemophilus influenzae in Europe 

observed that rates of disease decreased as population density increased (48). Further research 

should be done to better define the reason behind this unexpected association.  
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Strengths and Limitations 

This was the first study to examine the race-specific effect of socioeconomic measures on 

rates of invasive pneumococcal disease in children. This study had multiple strengths. First, the 

effect of multiple socioeconomic measures was examined rather than just using income to define 

socioeconomic status. Socioeconomic factors are not interchangeable, so it is important to 

examine the effect of multiple different variables after considering potential mechanistic 

explanations for their association with the disease of interest (46). Second, socioeconomic 

variables were examined as exposures rather than just using them to control for potential 

confounders. Third, the surveillance region and the cases contained a high percentage of both 

black and white individuals allowing for sufficient examination of race-specific effects of 

socioeconomic factors on disease rates. 

This study also had several notable limitations. First, this study only examined 905 cases, 

which was not as large of a sample size as in other studies, especially considering that this study 

stratified on race. Second, although a significant difference in invasive pneumococcal disease rate 

existed between white race and “other” race, no valid conclusions were possible regarding 

individuals of “other” race because of the heterogeneity of that racial group. Because of the small 

number of individuals of Asian, Native American/Alaskan, and Hawaiian/Pacific Islander 

descent, all of those cases had to be combined into one racial category. This heterogeneous 

collection likely did not accurately represent the association between socioeconomic factors and 

invasive pneumococcal disease rates in all of those races. Third, because census tract-level data 

was only available from the decennial census, all socioeconomic variables and population 

denominators were obtained from the 2000 census, which likely overestimated disease rates and 

may have resulted in misclassification of socioeconomic status for cases in later years. Fourth, 

because population denominators were not available for PCV7 vaccination rates and underlying 

disease rates, the final models were unable to control for those factors and were limited to 

stratified analyses. Lastly, area-based socioeconomic measures are not proxies for individual-
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level socioeconomic status, so it is possible that significant associations exist between 

socioeconomic factors and invasive pneumococcal disease rates in children even though they 

were not observed in this study. 

 

Public Health Implications and Future Directions 

 This study defined socioeconomic disparities in invasive pneumococcal disease in 

children less than five years of age, which was listed as an objective for Health People 2020 (6, 

8). The socioeconomic health disparities identified in this study can be monitored over time and 

used to direct prevention efforts at the appropriate populations. The effect of socioeconomic 

measures appears to vary by race, so public health surveillance reports should analyze changes in 

disease rates stratified by race and socioeconomic factors. 

 Future research should focus on identifying the mechanisms through which 

socioeconomic factors affect invasive pneumococcal disease rates in children. This study 

identified socioeconomic health disparities in children, but further studies should see if this 

relationship is observed in other U.S. populations. Individual-level socioeconomic data should 

also be collected to identify whether the relationship between individual-level socioeconomic 

measures and disease rates are the same as for area-based measures. Studies examining 

qualitative information for each socioeconomic factor, such as quality of health education, should 

also be examined to identify specific mechanisms through which these socioeconomic factors 

affect invasive pneumococcal disease rates. By identifying the mechanisms behind the association 

between socioeconomic factors and invasive pneumococcal disease, public health programs can 

be implemented to reduce those disparities. Lastly, since area-based measures do not appear to 

account for racial disparities in invasive pneumococcal disease rates in children, it is important to 

continue to identify potential mechanisms explaining racial disparities so that public health 

interventions can be created to decrease those racial disparities. 
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