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Abstract

Objective—To estimate national hospitalization rates for invasive pneumococcal disease (IPD)
in children with sickle cell disease (SCD) before and after the 2000 licensure of the heptavalent
pneumococcal conjugate vaccine (PCV?7).

Procedure—We performed a retrospective trend analysis of the 1994-2007 Nationwide Inpatient
Sample databases. Hospitalizations involving children with SCD and IPD were identified by
ICD-9CM code. The primary outcomes, the annual hospitalization rate for IPD in children with
SCD and the proportion of hospitalizations for IPD per 100 total SCD hospitalizations, were
analyzed using multivariable linear regression and contingency analysis, respectively.

Results—A total of 1,242 hospitalizations for IPD in SCD patients were identified from
1994-2007, with a mortality rate of 2.4%. The national mean annual rate of IPD hospitalization
decreased by 65%, from 131.8 cases/year from 1994-2000 to 45.5 cases/year from 2001-2007
(p=0.001). The national proportion of hospitalizations for IPD per 100 total SCD hospitalizations
decreased from 0.4 to 0.15 (p<0.0001) over the same interval. Following PCV7 licensure, the
mean annual cumulative hospital days and cumulative hospital charges decreased nationally by
53% and 36%, respectively.
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Conclusion—In a national sample, PCV7 licensure is temporally associated with a nearly three
fold reduction in IPD hospitalizations in children with SCD.
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INTRODUCTION

Children with sickle cell disease (SCD) are at markedly increased risk of infection from
Sreptococcus pneumoniae, which is estimated to be 300 to 600 times higher than the
general population, due to functional hyposplenism.[1-3] Historically, the estimated
incidence was six episodes of invasive pneumococcal disease (IPD) per 100 patient years
with a 25-35% case fatality rate.[4,5] In the mid-1980's, the polyvalent polysaccharide S.
pneumoniae vaccine (PPV23) and prophylactic penicillin were shown to reduce the risk of
IPD and were adopted as standard-of-care.[6-8] These interventions decreased, but did not
eliminate, the risk of IPD in children with SCD.

In 2000, a heptavalent pneumococcal protein-conjugate vaccine (PCV7) was licensed. Since
then, two studies of IPD in children with SCD reported 68%][9] and 90%[10] reductions in
IPD. These studies were limited by abbreviated follow-up (two and four years post-PCV7
licensure, respectively), limited geographic representation (the state of Tennessee and
metropolitan Atlanta, respectively), and small numbers of cases (50 and 37, respectively).
The limited follow-up period is especially important, as recent reports have described a
resurgence of non-vaccine pneumococcal serotypes of S pneumoniae.[11-13]

The aim of this study was to conduct a trend analysis of nationally-representative databases
from 1994-2007 for hospitalization due to IPD in children with SCD. Compared to previous
reports[9,10], this approach extends the duration of post-PCV7 follow-up by 3 years,
includes a nationally representative sample, and includes many more cases. We
hypothesized that hospitalization due to IPD would decrease in the years following PCV7
licensure.

METHODS

Overview/Study Design

This study was a retrospective analysis of hospitalization for IPD in children with SCD
using the Nationwide Inpatient Sample (NIS) databases from 1994 to 2007. The NIS is a
large administrative database collected by multiple state and hospital agencies and
assimilated by the Healthcare Cost and Utilization Project of the Agency for Healthcare
Research and Quality. It approximates a 20 percent stratified sample of U.S. community
hospitals which allows for calculation of national estimates.[14] Because the NIS is a de-
identified database without unique patient identifiers, the unit of measure is a discharge, not
an individual. The NIS does not include medications (e.g., penicillin), vaccinations, or
vaccination history. Approximately 125,000 discharges for persons with SCD are
represented in each year's NIS.[15]
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Subjects/Discharges

Discharges of interest were < 18 years of age and were identified by ICD-9CM code for any
form of SCD, including sickle beta thalassemia without crisis (282.41), sickle beta
thalassemia with crisis (282.42), unspecified SCD (282.60), sickle cell anemia without crisis
(282.61), sickle cell anemia with crisis (282.62), sickle hemoglobin-C disease without crisis
(282.63), sickle hemoglohin-C disease with crisis (282.64), other SCD without crisis
(282.68), and other SCD with crisis (282.69). Among discharges with SCD, IPD was
identified using ICD-9CM codes for pneumococcal septicemia (038.2), pneumococcal
meningitis (320.1), and pneumococcal infection of an unspecified site (041.2). Discharges
were included whether the SCD and IPD codes were in the primary or any of 14 secondary
discharge ICD-9CM code positions. No changes in ICD-9CM coding practice occurred from
1994-2007 for either SCD or IPD. Our only exclusion criterion was the ICD-9CM code for
sickle cell trait (282.5). The Institutional Review Board of the University of Texas
Southwestern Medical Center approved this study.

Definitions and Measurements

Analyses

Variables—In-hospital mortality was coded as a binary variable, as provided by the NIS.
Length of stay (LOS) in days was coded as a continuous variable. Hospital charges were
obtained from the NIS in whole dollars. To account for rising healthcare costs and inflation
from 1994 to 2007, all charges were adjusted to 2007 dollar estimates using the Medical
Care Index of the Consumer Price Index. Patient age and gender were obtained from distinct
data elements in the NIS. The patients’ insurance coverage was coded using the expected
primary payer: Medicare, Medicaid, private insurance, self-pay, no charge, or other. US
geographic regions were assigned by the NIS using Northeast, Midwest, South, and West, as
defined by the US Census Bureau.

Outcomes—Two primary outcomes were examined in this study. The first was the annual
IPD hospitalization rate in children with SCD. The second, IPD hospitalizations per 100
SCD hospitalizations, accounts for year-to-year variability in the SCD hospitalization
sampling within the NIS. Secondary outcomes included trends in cumulative hospital days
and cumulative hospital charges secondary to IPD. Additionally, we investigated trends in
the average age of IPD cases and the frequency of IPD across U.S. geographic regions.

Summary statistics were used to describe the SCD discharges with IPD and all non-1PD
discharges. National estimates for the annual hospitalization rate for IPD were made using
the weights provided by the NIS. Because not all hospitals in the NIS have SCD discharges
each year, we created a dummy variable for hospitals without any SCD discharges, a method
recommended by the NIS for producing national estimates from a subset of hospitals in the
NIS.[14] Standard error calculations for national estimates were made using the method
recommended by the NIS.[14] The NIS is a 20% sample of US hospitalizations, so the
weighting for each hospitalization is approximately a factor of five. The Wilcoxon rank-sum
test was used to analyze annual hospitalization rate for IPD, and %2 was used to analyze the
annual IPD hospitalizations per 100 SCD hospitalizations. Additionally, to analyze the
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primary outcome of trend in IPD hospitalization rate before and after PCV7 licensure, we
used a multivariable linear regression model to make inferences about the pre- and post-
PCV7 difference in annual IPD hospitalization rate, controlling for the secular trend. In a
sensitivity analysis, the definition for IPD was changed to include the ICD-9CM code for
pneumococcal pneumonia (481) in addition to the other IPD codes, and the trend in
hospitalization rates was again determined. The Wilcoxon rank-sum test was used to analyze
secondary outcomes. P < 0.05 was considered statistically significant with no study-wide
correction for multiple comparisons. All analyses were performed using SAS 9.2 (SAS
Institute, Gary, North Carolina.)

RESULTS

From 1994-2007, a national weighted estimate of 1,242 discharges were identified with IPD
in children with SCD. Among identified discharges, 55% had sickle cell anemia (282.61 or
282.62), and 40% had unspecified SCD (282.60). ICD-9CM coding for IPD among the
1,242 discharges included 64% with pneumococcal septicemia (038.2), 23% with
pneumococcal infection of unspecified site (041.2), 7% with pneumococcal meningitis
(320.1), and 5% with septicemia and meningitis (038.2 and 320.1.) Among discharges with
a pneumococcal infection of an unspecified site (041.2), 82% had an additional ICD-9CM
code for infection of a normally-sterile site, including 72% with bacteremia, whereas 12%
had no additional ICD-9CM codes for infection, and 7% had infection of non-sterile sites.

Demographic features and outcomes of the 1,242 IPD hospitalizations are compared with all
other SCD hospitalizations (n=442,447) in children in the Table. IPD hospitalizations
occurred in younger children. No difference between IPD and all other SCD hospitalizations
was seen in the gender or the primary payer. IPD hospitalizations demonstrated a higher
mortality, LOS, and hospital charges compared with all other SCD hospitalizations.

The mean national annual hospitalization rate decreased 65%, from 131.8/year (standard
deviation(SD)=12.5) in the seven years before PCV7 licensure to 45.7/year (SD=6.6) in the
seven years after PCV7 licensure (p=0.001) (Figure 1). The lowest annual hospitalization
rate occurred in 2004 with 14/year (SD=10.2). In multivariable linear regression, the before-
after PCV7 term was statistically significant (p=0.012). No significant secular trend in IPD
hospitalization was detected. In a sensitivity analysis, we added the ICD-9CM code for
pneumococcal pneumonia (481) to the inclusion criteria for IPD. A consistent decrease in
the mean national annual hospitalization rate was demonstrated from 242.7/year prior to
PCV7 to 83.3/year after PCV7, a 66% decrease. When the year-to-year variability in SCD
hospitalization sampling within the NIS was controlled for, the proportion of IPD discharges
per 100 total SCD discharges decreased 63%, from a mean of 0.4 before to 0.15 after PCV7
licensure (p<0.0001). Among IPD cases < five years old, the mean annual hospitalization
rate decreased 77% from 90.1/year (SD=24.8) to 20.4/year (SD=9.9) post-PCV7 licensure.
Among IPD cases = five years old, the mean annual hospitalization rate decreased 40% from
41.6/year (SD=15.5) to 24.9/year (SD=9.9) post-PCV7 licensure.

The national trends in cumulative hospital days and hospital charges attributable to IPD in
SCD are shown in Figure 2. The mean annual cumulative hospital days attributable to IPD
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decreased 53% from 1064 days/year [95% Confidence Interval (Cl), 768, 1361] prior to
licensure of PCV7 to 493 days/year [95% Cl, 206, 781] after PCV7 (p=0.022). Similarly, the
mean annual cumulative hospital charges attributable to IPD decreased 36% from $3.4
million/year [95% Cl, 2.0, 4.7] prior to PCV7 to $2.1 million/year [95% Cl, 1.1, 3.2] after
PCV7 (p=0.160).

The national trend in average age of infection is shown in Figure 3. The average age of
infection increased 76% from 3.7 years [95% ClI, 3.0, 4.4] prior to PCV7 to 6.5 years [95%
Cl, 5.4, 7.8] after PCV7 (p=0.005). We found no significant differences in the change in
hospitalization rates for IPD across U.S. geographic regions following PCV?7 licensure. The
IPD hospitalization rate in the Northeast region decreased 74.5% compared with a 62.8%
decrease for the Midwest region, a 63.5% decrease for the South region, and a 61.5%
decrease for the West region.

DISCUSSION

To our knowledge, these are the first national estimates of IPD in children with SCD before
and after PCV7 licensure. A nearly three-fold national reduction was observed in the
number of IPD hospitalizations, a reduction that persists even when accounting for year-to-
year variability in total SCD hospitalizations within the NIS databases. The national
decrease in IPD hospitalization rates was accompanied by a 53% reduction in total hospital
days and a 36% reduction in total hospital charges attributable to IPD. A concomitant 71%
increase in the average age of IPD cases in SCD was observed. Finally, the case fatality rate
for all cases was low at 2.4%.

Prior regional reports of IPD in SCD before and after PCV7 documented corresponding
reductions. A 93% reduction in IPD incidence for children with SCD < five years old and a
38% reduction patients > five years old was noted for Tennessee Medicaid patients from
1995 to 2004.[10] A 68% reduction in IPD incidence for SCD patients was observed from
1995 to 2002 in the greater Atlanta area.[9] Similarly, a 75% reduction in the incidence of
IPD among the general population of US children < five years old was previously described.
[16] We report a comparable reduction in IPD-related hospitalizations in a national sample,
although IPD incidence cannot be calculated using NIS databases due to an unknown
denominator of children with SCD. This study to documents an increase in the mean age of
IPD hospitalizations post-PCV7 licensure. This finding is consistent with the analysis of
Tennessee Medicaid data in which children < five years old with SCD were more protected
by PCV7 than children > five years old. This trend, in part, may reflect the AAP and CDC
recommendations for PCV7 to be administered to children with SCD under five years old.
[17,18]

Recent reports of IPD in SCD have estimated case fatality rates of 10% (five deaths/50
cases),[9] 5.4% (two deaths in 37 cases),[10] 12.5% (two deaths/16 cases),[19] and 10.6%
(five deaths/47 cases),[20] for an aggregate mortality rate of 9.3% (14 deaths/150 cases). In
our study, a low case fatality rate of 2.4% (30 deaths/1242 cases) is observed. It is unclear
why the case fatality rate in this study was considerably lower than those described in other
contemporary studies. We questioned whether our 12% rate of meningitis was different than
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previous reports, however, recently-reported meningitis rates for SCD are not different at
15%][9] and 12.5%][19]. We also questioned whether the inclusion of cases identified by the
ICD-9CM code for pneumococcal infection of an unspecified site (041.2) may have falsely
decreased the case fatality rate by potentially including non-invasive pneumococcal
infections. When 041.2 was excluded from the analysis, however, the case fatality rate
minimally changed from 2.4% to 3.3%. Serotype 19F was associated with an increased
likelihood of death in a prior study of IPD in SCD patients.[21] PCV7 included 19F, which
may explain the decreased mortality in the latter half of this study's sample. Other factors,
including improvements in the care of sepsis in the ICU setting and improved processes to
ensure rapid evaluation and treatment of children with SCD and fever in acute care settings,
may also contribute to the lower case fatality rate in this contemporary study.

The temporal association of decreased IPD following PCV7 licensure suggests that it was
effective in the SCD population, but a cause-effect relationship cannot be established using
these NIS data. Other factors which could have contributed to the observed decrease in IPD
include (1) improved adherence to penicillin prophylaxis, which is unlikely given the recent
report of poor adherence to penicillin prophylaxis by Sox et al.;[22] (2) a chance decrease in
the prevalence of colonization by the pneumococcus or a decrease in pneumococcal
virulence which are unlikely to have led to such a large, sustained decrease; or (3) an
undetected decline in the national SCD population, which is unlikely given the stable birth
rate of SCD confirmed by newborn screening.[23] Hence, the temporal association of
decreased IPD following PCV7 licensure suggests that it has been effective in preventing
IPD in SCD children, and it supports the need for continued vigilance to ensure that all SCD
patients are identified by newborn screening, prescribed prophylactic penicillin, and
vaccinated.

Although the decrease in IPD following PCV7 licensure is encouraging, the persistence of
IPD hospitalizations is concerning for several reasons. First, since the publication of the
Prophylactic Penicillin Study 11 (PROPS I1),[24] many SCD centers, including ours, have
routinely offered cessation of daily prophylactic penicillin to SCD patients beginning at five
years old. Our finding of an increased average age of IPD hospitalizations following PCV7
might prompt consideration of extending daily prophylactic penicillin past age five years
old. Additionally, current CDC recommendations for the recently-licensed 13-valent
pneumococcal conjugate vaccine (PCV13) include immunization of SCD patients who have
previously received a complete PCV7 series with a single dose of PCV13 up to six years
old.[25] Immunization of SCD patients 6-18 years old is left to the discretion of the
provider, a recommendation which could be revised to include older children. Finally, in a
recent report, we have also shown a shift toward non-vaccine serotypes in IPD in children
with SCD vaccinated with PCV7 and PPV23.[13] This persistence of IPD in the post-PCV7
era, especially non-vaccine serotypes, highlights the need for an improved vaccine against
the pneumococcus. Current vaccine strategies rely on the polysaccharide capsule of the
pneumococcus (responsible for the serotype) to generate an immune response and afford
protection. In response to suppression of the prevailing pneumococcal serotypes by PCV7,
non-vaccine serotypes, most importantly 19A, have emerged as the predominant serotype
responsible for IPD.[11] PCV13 aims to protect against the currently prevailing IPD
serotypes, but given pneumococcus's proclivity to adaptation,[26] non-vaccine serotypes
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may again emerge. Therefore, vaccine development directed toward universal pneumococcal
antigens,[27] not the ever-shifting polysaccharide capsules, should be encouraged.

The limitations of this study include potential inaccuracies in ICD-9CM coding for these
administrative data. Additionally, we cannot assess the vaccination status or adherence to
penicillin prophylaxis for the patients represented in the NIS databases. By investigating
inpatient data, we assume that cases of IPD in SCD will lead to hospitalization and would
not be treated in an outpatient setting. Another limitation of this study is our inability to
account for potential changes in the number of children with sickle cell disease in the US
during the study period. US Census data, however, demonstrate only a 2.8% increase in
children identified as black or black-in-combination from 2000-2007. The relationship of
IPD hospitalization rates with the timing of PCV7 licensure is strictly temporal, so causation
cannot be inferred.

In conclusion, this study demonstrates a substantial decrease in IPD hospitalization rates
after PCV7 licensure in a national sample of children with SCD. The mean age of IPD cases
has increased to 6.5 years after PCV7 licensure, a finding that might prompt reconsideration
of routine discontinuation of prophylactic penicillin at five years old and vaccination with
PCV13 of SCD patients > six years old. Although the SCD community can celebrate the
recent decrease in IPD hospitalizations, the remaining IPD disease burden should support
continued efforts to educate SCD patients and families regarding the importance of urgently
seeking medical attention for fever, encourage continued adherence to prophylactic
penicillin, and underscore the continued need for a better pneumococcal vaccine.
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Figure 1.
National trends in annual hospitalization rates for invasive pneumococcal disease in children

with sickle cell disease.
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pneumococcal disease in children with sickle cell disease.
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Figure 3.
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National trends in mean age of invasive pneumococcal disease in children with sickle cell

disease.
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Table
Characteristics of IPD and all other hospitalizations for children with SCD (1994-2007)

Characteristic IPD (N=1,242)  All Other SCD (N=442, 447)
Age, years, median (IQR)* 3(1-6) 93-14)
Gender (% female) 45 48
Primary payer (%)
Medicaid 66 65
Private/HMO 26 28
Self-pay 3 3
In-hospital death (%) 2.4 0.1
Length of stay, days, median (IQR) 6 (4-10) 3(2-5)
Charges, $ x 103, median (IQR) 11.4(6.3-21.4) 6.4 (3.8-11.7)

Abbreviations: IPD, invasive pneumococcal disease; SCD, sickle cell disease; IQR, inter-quartile range

*
No statistical tests comparing IPD and all other SCD hospitalizations were performed due to the very large sample size of the All Other SCD
group.
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