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Abstract
Background—The cause of historically higher rates of invasive pneumococcal disease among
blacks than whites has remained unknown. We tested the hypothesis that sickle cell trait or
hemoglobin C trait is an independent risk factor for invasive pneumococcal disease.

Methods—Eligible children were born in Tennessee (1996–2003), had a newborn screen,
enrolled in TennCare aged <1 year, and resided in a Tennessee county with laboratory-confirmed,
pneumococcal surveillance. Race/ethnicity was ascertained from birth certificates. Children were
followed through 2005 until loss of enrollment, pneumococcal disease episode, 5th birthday or
death. We calculated incidence rates by race/ethnicity and hemoglobin type before and after
pneumococcal conjugate vaccine (PCV7) introduction. Poisson regression analyses compared IPD
rates among blacks with sickle cell trait or hemoglobin C trait to whites and blacks with normal
hemoglobin, controlling for age, gender, time (pre-PCV7, transition year or post-PCV7) and high-
risk conditions (i.e. heart disease).

Results—Over 10 years, 415 invasive pneumococcal disease episodes occurred during 451,594
observed child-years. Before PCV7 introduction, disease rates/100,000 child-years were 2941 for
blacks with sickle cell disease, 258 for blacks with sickle cell trait or hemoglobin C trait and 188,
172, and 125 for blacks, whites, and Hispanics with normal hemoglobin. Post-PCV7, rates
declined for all groups. Blacks with sickle cell trait or hemoglobin C trait had 77% (95% CI 22%–
155%) and 42% (95% CI 1%–100%) higher rates than whites and blacks with normal hemoglobin.

Conclusion—Black children with sickle cell trait or hemoglobin C trait have an increased risk of
invasive pneumococcal disease.
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In 2000, heptavalent pneumococcal conjugate vaccine (PCV7) was recommended for all
U.S. children at 2, 4, 6 and 12–15 months. Since that time, invasive pneumococcal disease
has declined and racial differences in blacks and whites have narrowed significantly in
infants, children and adults.1–3 Yet, non-PCV7 pneumococcal serotypes, such as 19A, have
emerged as important pathogens.4,5

Because children with sickle cell disease (hemoglobin SS and SC diseases) have an
increased risk of pneumococcal diseases,6 pneumococcal vaccination (PCV7 during infancy
and 23-valent pneumococcal polysaccharide vaccine at ≥2 years) and penicillin prophylaxis
during the first 5 years of life are recommended by the Center for Disease Control Advisory
Committee on Immunization Practices.7 Hypothesized reasons for this increased
susceptibility include inadequate splenic functioning and decreased serum opsonization of
pneumococci.8 PCV7 has been associated with protection among all children, including
those with sickle cell disease.3,6,9,10 Although the exact mechanism for this protection is not
known, serum-opsonization activity in children with sickle cell disease increased after PCV7
vaccination, and is correlated with antibody levels.11 In contrast, sickle cell trait has been
generally considered benign and not associated with increased risk of bacterial infections in
childhood.

Homozygous hemoglobin C disease arose in West Africa on both β-globin genes at the same
amino acid as sickle cell disease. It is characterized by bizarre red blood cell shapes, risk of
splenomegaly and mild hemolytic anemia.12 Both homozygous hemoglobin C disease and
trait are considered benign without reports of increased risk of bacterial infection.

We linked four population-based databases: Tennessee Active Bacterial Core Surveillance
(supported by the CDC), TennCare (Tennessee’s Medicaid Program), Tennessee birth
certificate registry and Tennessee newborn screens. The goals of this study were (1) to
compare rates of invasive pneumococcal disease among blacks with sickle cell disease,
sickle cell trait or hemoglobin C trait to those among blacks, whites and Hispanics with
normal hemoglobin, and (2) to determine if either sickle cell trait or hemoglobin C trait
explains the historically higher rates of invasive pneumococcal disease among blacks than
whites.

Methods
Ascertainment of episodes of invasive pneumococcal disease

The Core Surveillance program has conducted active, laboratory-based surveillance for
pneumococcus since 1995 in five urban counties encompassing four major metropolitan
cities in Tennessee.13 In August 1999, the program network added six counties, which
increased the surveillance population to more than 2.8 million persons.14 Invasive
pneumococcal disease was defined as S. pneumoniae isolated from a normally sterile site
(i.e. blood).3,13

TennCare database
In 1994, TennCare replaced the federal Medicaid program as a state-based, capitated,
managed-health-care program, covering Medicaid-eligible, uninsured, and uninsurable state
residents.15 The following administrative data from TennCare were computerized: an
enrollment file, a pharmacy file that captures filled outpatient prescriptions, an inpatient file,
and an outpatient file that includes encounter records for emergency department, hospital
outpatient, and physician visits. Diagnoses were coded using the International Classification
of Diseases, 9th edition (ICD-9).16
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Using this TennCare database, we identified all children younger than 5 years of age who
were enrolled within the first year of life and resided in a surveillance county. High-risk co-
morbid conditions included: (1) 1 or more hospital or emergency department discharges
with a condition-specific diagnostic code, (2) 2 or more outpatient visits with a condition-
specific diagnostic code, or (3) filled prescription for condition-specific medications, as
previously described.17 High-risk conditions included HIV infection, sickle cell disease,
congenital heart disease, chronic lung disease, diabetes mellitus, hepatic disease, renal
disease, cancer or immunosuppression. The first three conditions were considered present
since birth whereas all others began on the date the child first met the high-risk definition.

Because asthma is associated with an increased risk of invasive pneumococcal disease,17 we
determined if children without the above-mentioned high-risk conditions had asthma. The
association between asthma and risk of invasive pneumococcal disease has been identified
more recently than the other high-risk conditions and thus we evaluated it separately.
Asthma was defined as (1) 1 or more hospitalization or emergency department visit with
discharge ICD-9 code of 493.XX, (2) 2 or more outpatient visits with 493.XX, (3) 2 or more
filled prescriptions for short-acting β-agonists, or (4) any prescription for inhaled
corticosteroids, long-acting β-agonists, nedocromil, cromolyn or leukotriene antagonists.

Race/ethnicity
We determined the race of each child using the state’s classification from the birth
certificate. In Tennessee, the mother was instructed to report the race of herself and the
father (white, black, American Indian, Chinese, Japanese, Hawaiian, Filipino, other Asian,
other or unknown) on the child’s birth certificate. Children were considered black if either
parent was black. Children were considered white if both parents were white or if the mother
was white and the race of the father was unknown. Hispanic origin of the parents, which was
completed for 85% of all birth certificates, was used to determine ethnicity. Children were
considered Hispanic if the either parent was Hispanic. We categorized children as black
non-Hispanic, white non-Hispanic or white Hispanic. Children of unknown and other races
were excluded.

Tennessee Newborn Screen
Tennessee has screened newborns during the birth hospitalization for hemoglobinopathies
since 1988. Sickle cell disease is the most prevalent hemoglobinopathy. Sickle cell trait
occurs in approximately 1 in 14 blacks; hemoglobin C trait occurs in approximately 1 in 48
blacks.18 The newborn screen for hemoglobinopathies is performed by isoelectric focusing
from filter-paper dried-blood spots, and results are reported in this database. If the
hemoglobin screen is abnormal, the physician is contacted for a confirmatory blood test
using high-performance liquid chromatography or cellulose-acetate electrophoresis, which
was not entered into this database.

The Tennessee Newborn Screen database included 701,808 observations among infants born
1995–2003. Hemoglobin profile is reported in the order of prevalence of hemoglobin types,
which include fetal hemoglobin (the most prevalent hemoglobin in newborns), adult
hemoglobin, sickle hemoglobin, hemoglobin C and additional hemoglobin variants. We
included three hemoglobin profiles: sickle cell disease ([1] fetal and sickle hemoglobins; [2]
fetal hemoglobin, sickle hemoglobin and hemoglobin C; and [3] fetal hemoglobin,
hemoglobin C and sickle hemoglobin), sickle cell trait (fetal, adult and sickle hemoglobins),
hemoglobin C trait (fetal hemoglobin, adult hemoglobin, and hemoglobin C) and normal
fetal and adult hemoglobins. Observations for 31 other hemoglobin profiles (n = 17,208)
were excluded. We also excluded hemoglobin profiles from 1995, because these were
incomplete (only 6% of the expected observations based on later years).
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Children may have duplicate newborn screens if the initial screen was obtained before 24
hours of life, or before lactose feeds were initiated, or if the provider repeated the measure
as part of an abnormal screen evaluation. To confirm the accuracy of the Tennessee
Newborn Screen database, we compared the first and last newborn screen result among 4279
newborns with duplicate isoelectric focusing screens; concordance was 99%.

Linkage of databases
Tennessee Newborn Screen data, birth certificate files and Core surveillance data for
invasive pneumococcal disease were linked to the TennCare enrollment file by patient-
specific identifiers. After linkage, a de-identified data set was created for analysis.

Study Approvals
This study was approved by the institutional review boards of Vanderbilt University and
Wake Forest University and was reviewed and approved by Tennessee Department of
Health and the Bureau of TennCare.

Analysis
Children entered the study at the time of enrollment in TennCare, either at birth (87%) or
during their first year of life (13%) and were followed until the first of the following: end of
study (31 December 2005), day of first laboratory-confirmed invasive pneumococcal
disease, loss of enrollment in TennCare for >30 days, move out of surveillance county, or
5th birthday. Annual invasive pneumococcal disease rates in children by race/ethnicity and
newborn screen hemoglobin profile were determined by the number of first episodes of
invasive pneumococcal disease per year divided by the total number of eligible child-years,
and multiplied by 100,000. Average invasive pneumococcal disease rates in children by
race/ethnicity and hemoglobin profile were calculated by demographic characteristics before
the vaccine was available (January 1996–June 2000), during the transition (July 2000–June
2001) and after PCV7 introduction (July 2001–December 2005). Confidence intervals (CIs)
were obtained from univariate Poisson regression, limited to the two groups being compared
for each test.

We computed invasive pneumococcal disease rates for children with sickle cell disease;
univariate and multivariate Poisson regression analyses were limited to children with normal
hemoglobin, sickle cell trait or hemoglobin C trait to determine other characteristics
associated with increased invasive pneumococcal disease risk. Race/ethnicity and sickle cell
trait or hemoglobin C trait status were coded together as one categorical variable to test the a
priori hypothesis that either trait mutation would be associated with increased risk of
invasive pneumococcal disease. Secondary analyses evaluated black children with sickle cell
trait separately from those with hemoglobin C trait. Contrasts were computed to test for an
interaction of age group by time (P = 0.96) and by race/ethnicity/hemoglobin type by high-
risk conditions, combining whites and Hispanics due to low child-years in Hispanics (P =
0.49 for interaction). Both interaction terms were non significant in a priori secondary
analyses, and we dropped these from the final model. Statistical analyses were performed
using SAS for Windows 9.1 (SAS Institute Inc., Cary, NC).

Results
Of 593,866 screened Tennessee newborns (701,808 screens), 592,659 (99%) infants had one
of the major hemoglobin types (sickle cell disease, sickle cell trait, hemoglobin C trait or
normal hemoglobin) and sufficient information to link to TennCare enrollment files (Figure
1). We limited the observations to non-Hispanic black, non-Hispanic white or white
Hispanic children, excluding 4310 (3%) children with unknown or other race/ethnicity. Two
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non-Hispanic white children with sickle cell disease and 251 white non-Hispanic or white
Hispanic children with sickle cell trait or hemoglobin C trait were excluded because of small
numbers and the absence of invasive pneumococcal disease episodes to make meaningful
comparisons. The final study population comprised 128,521 children.

A total of 415 first episodes of invasive pneumococcal disease were recorded during
451,594 child-years of observation, yielding 92 episodes per 100,000 child-years (Table). Of
415 children with invasive pneumococcal disease, 10 (2.4%) had sickle cell disease, 30
(7.2%) had sickle cell trait, 8 (1.9%) had hemoglobin C trait, and 367 (88.4%) had normal
hemoglobin. Children with sickle cell disease had a higher rate of invasive pneumococcal
disease per 100,000 child-years (1076 [95% CI = 517–1971]) than children with sickle cell
trait or hemoglobin C trait (140 [99–192]) or those with normal hemoglobin (81 [67–97]).
The remaining analyses focus on the comparison of interest, children with sickle cell trait or
hemoglobin C trait and those with normal hemoglobin.

The invasive pneumococcal disease rate among children with sickle cell trait or hemoglobin
C trait and normal hemoglobin decreased 83% (RR = 0.17 [95%CI = 0.14–0.22]) from
before PCV7 introduction to after introduction (188/100,000 versus 33/100,000). Overall,
higher rates were observed for younger children, boys and children with high-risk conditions
including asthma (Table). Invasive pneumococcal disease rates among black children with
sickle cell trait or hemoglobin C trait were 37% higher (RR = 1.37 [95% CI = 0.86–2.17])
than those with normal hemoglobin before PCV7 introduction; after vaccine introduction,
rates were 33% higher (RR = 1.33 [0.60–2.93]) (Figure 2). Among children with normal
hemoglobin, rates among blacks were 9% higher (1.09 [0.81–1.47]) and 15% (1.15 [0.71–
1.85]) higher than among whites before and after PCV7, respectively.

In univariate and multivariate Poisson regression analyses, younger age, male sex, years
before PCV introduction, traditional high-risk factors and asthma were all associated with
increased risk of invasive pneumococcal disease. Black children with either sickle cell trait
or hemoglobin C trait had increased risk, controlling for age, sex, time and high-risk
conditions, compared with white (aRR = 1.77 [1.22–2.55]), black (1.42 [1.01–2.00]), and
Hispanic (2.88 [1.47–5.66]) children with normal hemoglobin. Risk of invasive
pneumococcal disease among black children with normal hemoglobin was higher than
among white children with normal hemoglobin (1.25 [1.00–1.56]), whereas the risk among
white Hispanic children was lower (0.61 [0.33–1.14]).

When this multivariate analysis was limited to the post-PCV7 years, similar risks of invasive
pneumococcal disease were observed, albeit with wider confidence intervals. The disease
risk for black children with sickle cell trait or hemoglobin C trait was aRR = 1.80 (0.78–
4.17), compared with white children with normal hemoglobin. For black children with
normal hemoglobin the risk was aRR = 1.33 (0.82–2.15) compared with white children with
normal hemoglobin.

In secondary analyses, the risk of invasive pneumococcal disease for blacks with
hemoglobin C trait was similar to that of blacks with sickle cell trait (aRR = 0.92 [0.42–
2.01]). Blacks with sickle cell trait had higher risk of disease compared with Hispanics (2.93
[1.47–5.87]) and whites (1.80 [1.20–2.69]) with normal hemoglobin. The difference for
blacks with normal hemoglobin was in the same direction (1.44 [0.99–2.11]), compared with
whites with normal hemoglobin.

Discussion
Black children with sickle cell trait or hemoglobin C trait had higher rates of invasive
pneumococcal disease than black and white children with normal hemoglobin. Having one
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of two different genetic mutations of the β-globin gene (sickle cell trait [glutamine to valine]
or hemoglobin C trait [glutamine to lysine]) is an independent risk factor for invasive
pneumococcal disease among black children, and may partially explain the historically-
higher rates among black children. To our knowledge, this study is the first to find that
sickle cell trait or hemoglobin C trait is associated with increased risk of an infectious
disease in children. This finding contrasts with the common teaching that sickle cell trait and
hemoglobin C trait are benign under physiologic conditions.19

The reason that blacks have had historically higher invasive pneumococcal disease rates
than whites remains unclear. Previous studies controlled for high-risk conditions
predisposing to invasive pneumococcal disease and for socioeconomic factors, but none of
these factors completely explains this observed difference.20–22 However, one study
reported that one (2%) of 42 children with pneumococcal bone and joint infections had
sickle cell trait.23

The availability of newborn screening data enabled testing the hypothesis that rates of
invasive pneumococcal disease could differ by hemoglobin type. Data identifying children
with sickle cell trait or hemoglobin C trait have not been historically available, since these
children do not have distinct clinical characteristics like those with sickle cell disease.
Notably, regions of Africa with high prevalence of sickle cell or hemoglobin C traits overlap
the meningitis belt. This raises the possibility that sickle cell or hemoglobin C traits may
confer some risk of infection with encapsulated organisms. Although these two traits explain
part of the observed racial difference in invasive pneumococcal disease rates, black children
with normal hemoglobin had 25% increased risk compared with white children who had
normal hemoglobin in multivariate analysis. Because the modest increase associated with
sickle cell trait or hemoglobin C trait did not markedly increase the rates in all black
children combined, factors other than sickle cell or hemoglobin C trait likely contribute to
this difference. For example, race/ethnicity could be a surrogate marker of unmeasured
factors such as access to or location of care.

The biologic mechanism by which sickle cell trait or hemoglobin C trait could cause an
increased risk of invasive pneumococcal disease is unknown. Both sickle cell and
hemoglobin C traits are associated with modest decreases in the red-blood-cell lifespan, with
levels of hemoglobin within the lower limits of normal.24,25 Previous studies indicate that
persons with sickle cell trait as compared to persons with normal hemoglobin are protected
against severe Plasmodium falciparum infection.26–31 Similarly hemoglobin C trait has been
associated with protection against severe P. falciparum infection in many, but not all,
studies.30–37 Sickle cell trait and hemoglobin C trait have been reportedly associated with
hematuria, retinopathy and priapism.38–45 Recently, sickle cell trait was associated with a 2-
fold increased risk of vasothrombotic embolism; a similar risk was observed among an
underpowered sample size with hemoglobin C trait.46 Other conditions reported to be
associated with sickle cell trait have been splenic infarction at high altitudes, sudden death
after physical exertion, bacteruria, urinary tract infections during pregnancy, hyposthenuria,
renal papillary necrosis and renal medullary carcinoma.19,47–53 Most of these events are
rare, and the evidence base for some of these associations is weak, which is consistent with
the finding that sickle cell trait has little or no detectable increase risk in overall mortality,
morbidity or hospitalizations.19

Differences in black and white populations persist for a variety of acute and chronic
conditions. Hence, understanding the mechanism by which sickle cell trait or hemoglobin C
trait could confer higher risk of invasive pneumococcal disease might add to our
understanding of disease pathogenesis. Studies are warranted to determine if sickle cell trait
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or hemoglobin C trait could contribute to racial differences in other health outcomes such as
other infectious diseases, asthma, hypertension, renal failure or cardiovascular disease.

These results have some limitations. Study children resided in Tennessee and were enrolled
in TennCare, and hence the generalizability is not known. History of pneumococcal
vaccination was not obtained in this study. However, PCV7 vaccination in Tennessee has
followed the national trend according to the National Immunization Survey.54 It is unlikely
that PCV7 coverage would systematically differ between black children with sickle cell trait
and black children with normal hemoglobin, even if small systematic differences in PCV7
coverage occurred between black and white children. Furthermore, results were consistent in
pre-PCV7 and post-PCV7 years—although with 88 cases of invasive pneumococcal disease
in post-PCV7 years our power to detect a difference in this subanalysis was limited.
Hemoglobin type was determined by results of isoelectric focusing from newborn screens.
Random misclassification is possible but is likely small, and would reduce the power to
detect differences. We found high concordance (>99%) between first and last screens among
infants with duplicate screens; another study comparing newborn screen results by
isoelectric focusing and high-performance liquid chromatography also showed high
concordance.55 Among our black study population, the frequency of sickle cell trait (1 in 14)
and hemoglobin C trait (1 in 48) was similar to that reported elsewhere.18 It is possible that
linkage disequilibrium between the β-globin genes and other genes may be important in
determining risk of invasive pneumococcal disease. We determined race as that reported on
birth certificates. We lacked the sample size to analyze sickle cell trait and hemoglobin C
among children of other race/ethnicity. Random misclassification of race is possible but
would unlikely relate to invasive pneumococcal disease incidence and thus reduce the power
to detect differences. Birth certificates during the study period did not permit reporting more
than one race for a parent. Laboratory-based surveillance may underestimate the rate of
invasive pneumococcal disease if cultures are not obtained, or obtained after antibiotics are
administered, or if infants die from invasive pneumococcal disease before receiving medical
care. Such laboratory testing may differ by race/ethnicity depending on the site of care;
however, it is unlikely to differ by hemoglobin type.

In conclusion, we found that among black children either sickle cell trait or hemoglobin C
trait independently predicted invasive pneumococcal disease. The absolute risk for
individuals is quite small, especially since the introduction of PCV7 for all infants. Further
studies are needed to replicate this finding, uncover the biologic mechanism for this
increased risk of invasive pneumococcal disease, determine if this risk persists in later
childhood or adulthood, and ascertain if this risk is relevant to other organisms.
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Figure 1.
Study population. cy indicates child-years of observation; IPD, number of first episodes of
laboratory-confirmed, invasive pneumococcal disease in Tennessee’s Active Bacterial Core
surveillance.
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Figure 2.
Incident rates of laboratory-confirmed invasive pneumococcal disease per 100,000 child-
years, with 95% confidence intervals, by study period and by race and hemoglobin type per
newborn screen.
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