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Abstract

Background—~Parapneumonic empyema, a serious complication of pneumonia, started
increasing among U.S. children before the introduction of the 7-valent pneumococcal conjugate
vaccine (PCV7) in 2000, and continued afterwards. This increase was due in part to pneumococcal
serotypes not included in PCV7 that were included in the new 13-valent (PCV13) vaccine
introduced in 2010. We assessed changes in the incidence of empyema hospitalizations among
U.S. children after PCV13 introduction.

Methods—We calculated annualized empyema hospitalization rates among U.S. children <18
years using Nationwide Inpatient Sample and Census data (1997-2013) for four periods based on
PCV7 and PCV13 introductions. Relative rates (RR) and 95% confidence intervals (Cl) were
calculated by age group and sex, comparing PCV7 (2001-2005 and 2006-2009) and PCV13
(2011-2013) periods with the pre-PCV7 period (1997-1999). Secondary analyses examined
changes in pneumococcal, streptococcal, staphylococcal and unspecified empyema.

Results—Among children <18 years of age, annualized empyema hospitalization rates peaked at
3.6 per 100,000 in the late-PCV7 period compared with 2.1 per 100,000 in the pre-PCV7 period
[RR: 1.70 (95% CI: 1.11-2.60)]. However, annualized rates in the post-PCV13 period declined to
2.0 per 100,000, similar to rates in the pre-PCV7 period. Empyema rates among children <2 years
were lower in the post-PCV13 period compared to the pre-PCV7 period [RR: 0.77 (95% CI: 0.61-
0.96)], but rates in the two periods among children 2—4 and 5-17 years were similar. Most
empyema were of unspecified etiology. Pneumococcal and unspecified empyema declined after
PCV13 introduction.

Conclusions—Although empyema hospitalization rates among U.S. children peaked after PCV7
introduction, rates decreased substantially following the introduction of PCV13.
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INTRODUCTION

Parapneumonic empyema, a rare but serious complication of pneumonia, is associated with
increased morbidity, mortality and length of hospital stay among patients with pneumonia
[1-6]. Parapneumonic empyema among children <18 years of age in the United States (U.S.)
started increasing before the introduction of the 7-valent pneumococcal conjugate vaccine
(PCVT7) in 2000, and continued afterwards [2, 7-9]. Greater awareness of empyema,
improved diagnostics, and more complete coding may have contributed to an apparent
increase in empyema [7, 8]. However, the changing ecology of Streptococcus pneumoniae
after PCV7 introduction likely contributed to a real increase as well [5, 10].

The serotypes most commonly associated with parapneumonic empyema among children (1,
3, 7F and 19A) were not included in PCV7 [3, 10-15]. The incidence of pneumococcal
pneumonia involving PCV7 serotypes decreased after PCV7 introduction, but with an
increasing proportion of pneumococcal pneumonia attributed to non-PCV7 serotypes (such
as 1, 7F and 19A) [3, 16-18]. This increased representation of serotypes historically
associated with parapneumonic empyema likely contributed to the increasing incidence of
parapneumonic empyema observed after PCV7 introduction [3, 10].

The 13-valent pneumococcal conjugate vaccine (PCV13) was introduced in 2010 to reduce
further the incidence of invasive pneumococcal disease (IPD) due to non-PCV7 serotypes,
and included serotypes 1, 3, 7F and 19A, among others. Vaccination coverage has been high
and widespread among young U.S. children as coverage with >3 doses of PCV7 was >90%
in 2007-2008 and has been >92% for =3 doses of PCV13 since 2010 [19, 20]. However,
little information is available regarding national parapneumonic empyema rates in the U.S.
after PCV13 introduction. Therefore, we assessed changes in hospitalizations for
parapneumonic empyema among U.S. children after PCV13 introduction.

METHODS

Data Sources

We used the Nationwide Inpatient Sample (NIS) to obtain national hospitalization data from
1997 to 2013 for all U.S. children <18 years of age. The NIS is the largest publicly available
database for all-payer inpatient healthcare in the U.S., representing over 35 million
hospitalizations annually from all states that participate in the Healthcare Cost and
Utilization Project (HCUP) [21]. Information on each hospitalization includes hospital
characteristics, patient demographics, primary and secondary diagnoses and procedures,
length of stay, and severity and comorbidity measures [21]. Prior to 2012, the NIS collected
information on all discharges from a sample of hospitals in the U.S. Beginning in 2012, the
NIS changed its design to include a sample of discharges from all hospitals participating in
HCUP. New discharge weights generated for the 1997-2011 NIS allows assessment of
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trends including the 2012 and 2013 NIS data. We used NIS-provided trend weights and
design elements to account for the complex sampling design and allow for the assessment of
national trends over time [21]. For rate calculations, we used national population estimates
from the U.S. Census (1997-2013) as denominators [22]. This study was exempt from
review by the Institutional Review Board at Vanderbilt University.

Hospitalizations for Parapneumonic Empyema

We identified all hospitalizations for pneumonia as a hospitalization with a primary
discharge diagnosis of pneumonia [International Classification of Disease 9™ version-
Clinical Madification (ICD9-CM): 480.0-486.9] or a secondary diagnosis of pneumonia
with a primary diagnosis of meningitis, sepsis or empyema (ICD9-CM: 510) [8].
Hospitalizations for parapneumonic empyema were identified as any pneumonia
hospitalization with a diagnosis of empyema (primary or otherwise). A separate analysis was
conducted to assess a more specific outcome measure using only hospitalizations for
parapneumonic empyema with a documented thoracentesis-related procedure for the
diagnosis or management of empyema, including video-assisted thorascopic surgery (ICD9-
CM: 34.04, 34.06, 34.09, 34.21, 34.51, 34.52, and 34.91) [23]. In addition, discharge
diagnosis codes were used to classify hospitalizations for parapneumonic empyema based on
the likely causative organism into mutually exclusive groups and according to the following
hierarchy: pneumococcal (ICD9-CM: 481), streptococcal (ICD9-CM: 482.3, 041.0, 038.0),
staphylococcal (ICD9-CM: 482.4, 041.1, 038.1) or unspecified (other/unknown etiology).
The ICD9-CM codes to identify hospitalizations for pneumonia have been validated in prior
studies, and the strategy to identify hospitalizations for parapneumonic empyema, including
by likely causative organism, have been reported previously [7, 8, 23-25].

Data Analysis

Annualized hospitalization rates for parapneumonic empyema were calculated by pre-
specified age groups (<2, 2-4 and 5-17 years), sex, and periods based on PCV7 and PCV13
introduction, excluding years of PCV introduction: pre-PCV7 (1997-1999), early-PCV7
(2001-2005), late-PCV7 (2006-2009) and post-PCV13 (2011-2013) [26]. Annualized
period rates per 100,000 population were calculated by dividing the weighted number of
parapneumonic empyema hospitalizations (accounting for the NIS sampling design) within
each period by the average annual population in each period, and divided by the number of
years within the period. Variance estimates of the weighted number of empyema
hospitalizations were used to calculate 95% confidence intervals (ClI) for the annualized
period rates.

We compared rates of hospitalizations for parapneumonic empyema using relative rates
(RR) and 95% Cls. These comparisons were conducted by age group and sex, comparing
PCV7 and PCV13 periods to the pre-PCV7 period and accounting for the variance of each
weighted rate [27]. Significance of the relative rates was assessed at the 5% level,
considering significant differences between annualized rates when the 95% CI of the RRs
excluded one [8, 26]. We conducted similar analyses using the more specific definition of
parapneumonic empyema and by likely causative organism as described above.
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Planned secondary analyses assessed the robustness of our findings. To determine potential
changes in coding practices during the study years, we assessed changes in the mean number
of discharge diagnoses and length of stay (in days) for all-cause hospitalizations and for
empyema-related hospitalizations among all children. In addition, we examined the
percentage of hospitalizations for parapneumonic empyema each year involving children
with at least one discharge diagnosis code for certain comorbidities (asthma, neurological
disorders, low birth weight, trisomy-21, liver, lung and heart disease, diabetes, cochlear
implant, white blood cell disorders, congenital immunodeficiency, transplant, renal disease
and HIV) to assess potential changes in coding practice or changes in the population
presenting with parapneumonic empyema [28]. In addition, to assess whether
parapneumonic empyema trends were specifically associated with vaccine introduction, we
performed a parallel analysis of fracture hospitalizations (ICD9-CM: 800.xx-829.xx), as a
control comparison disease group unlikely to be affected by PCV introduction [29].
Analyses were conducted using SAS 9.4 (SAS Institute, Cary, NC, USA) and STATA 14
(StataCorp LP, College Station, TX, USA).

RESULTS

During the study period, parapneumonic empyema was rare, and accounted for 1.3% of
pneumonia hospitalizations among U.S. children <18 years of age. Among all children, the
annualized rate of hospitalizations for parapneumonic empyema per 100,000 persons was
2.1 (95% CI: 1.7-2.4) in the pre-PCV7 period, and progressively rose to 3.6 per 100,000 in
the late-PCV7 period [RR: 1.70 (95% Cl:1.11-2.60)]. Rates in the post-PCV13 period
declined and were similar to rates in the pre-PCV7 period [RR: 0.95 (95% CI1:0.76-1.18)]
(Table 1). Similar trends were observed in the secondary analysis restricted to the 85.2% of
hospitalizations with a documented thoracentesis procedure. The proportion of
parapneumonic empyema with related procedures remained constant across periods (Table
1).

Trends of hospitalization rates for empyema across vaccination periods within individual age
groups appeared similar to the overall trend among all children (Figures 1, 2). Rates were
higher in the late-PCV/7 period compared to the pre-PCV7 period among all age groups.
However, only rates among children 2—-4 and 5-17 years were significantly higher [RR: 2.12
(95% CI:1.17-3.84) and RR: 1.64 (95% CI:1.08-2.49), respectively]. In contrast, rates were
significantly lower in the post-PCV13 period compared to the pre-PCV7 period only among
children <2 years [RR: 0.77 (95% CI1:0.61-0.96)]. Rates were similar in the post-PCV13 and
pre-PCV7 period among the other age groups (Table 2).

Males and females within age groups had similar trends to those observed for all children
(Table 2). Males had consistently higher rates of hospitalizations for parapneumonic
empyema in the pre-PCV7 and PCV7 periods compared to females, with differences that
were larger in the late-PCV7 period compared to the pre-PCV7 period. However, the sex
differences in each age group were more modest in the post-PCV13 period compared to the
late-PCV7 period (Table 2).
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Secondary analyses

In the secondary analysis examining characteristics of all hospitalizations among children
during the study period, the mean length of stay increased to 3.8 days (median: 1.7) in the
post-PCV13 period compared to 3.5 days (median: 1.6) in the pre-PCV7 period. The mean
number of discharge diagnoses increased during each vaccination period from 2.4 (median:
1.4) in the pre-PCV7 period to 3.6 (median: 2.2) in the post-PCV13 period. The median
length of stay and number of recorded diagnoses was the highest in the post-PCV13 period.
Similar trends were observed for the number of recorded diagnoses in hospitalizations for
parapneumonic empyema by period, although median length of stay remained stable during
the study period (data not shown). In addition, the proportion of children hospitalized with
parapneumonic empyema with at least one comorbidity steadily increased during the study
period (1997: 9.6%, 2005: 14.9%, and 2013: 30.7%). Asthma was the most commonly
diagnosed comorbid condition in each year throughout the study period.

During the study period, hospitalizations for fractures among children decreased steadily
[29]. However, there were no clear changes in the observed trends of hospitalizations for
fractures specifically associated with the introduction of PCV7 or PCV13 (Supplementary
Figure 1).

In our assessment of probable etiologies of empyema, the most likely etiology of
parapneumonic empyema among children <18 years during the study period was
pneumococcal in 23.2%, staphylococcal in 11.4%, streptococcal in 9.6%, and other/
unspecified organism in 55.7%. Both pneumococcal and unspecified empyema declined
after PCV13 introduction (Figure 3 and supplementary table 1). A significant reduction in
pneumococcal empyema rates was observed among all age groups in the post-PCV13 period
compared to the late-PCV/7 period, with rates also significantly lower than the pre-PCV7
period. Rates of unspecified empyema had the same pattern for children <2 years (Figure 3
and supplementary table 1). For unspecified empyema in other age groups, a significant
decline was only observed in the post-PCV13 period compared with the late-PCV7 period,
but with no significant change compared to the pre-PCV7 period.

Although the burden of disease was small, the pattern observed for streptococcal and
staphylococcal empyemas was similar to that observed for unspecified empyema among
children 2—4 and 5-17 years, as the empyema rate in the post-PCV13 period was lower than
the late-PCV7 period, but not different from the pre-PCV7 period (Figure 3 and
supplementary table 1). No reduction was observed for staphylococcal or streptococcal
empyema among children <2 years in the post-PCV13 period. Although the rate of
staphylococcal empyema was lower than the combined rate of pneumococcal and
unspecified empyema in each age group during the PCV7 years, the rate of staphylococcal
empyema was higher than both combined among children <2 years in the post-PCV13
period (Figure 3 and supplementary table 1).

DISCUSSION

Rates of hospitalizations for parapneumonic empyema among U.S. children continued
increasing and peaked after PCV7 introduction into the U.S. childhood immunization
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schedule, but decreased to historical low levels after PCV13 introduction. Importantly, rates
of hospitalizations for parapneumonic empyema were significantly lower in the post-PCV13
period compared to the pre-PCV7 period among children <2 years, the target population for
the pneumococcal conjugate vaccination program. In addition, a reduction in the post-
PCV13 period was consistently observed among different age groups and among both boys
and girls, and similar declines were observed in hospitalizations for pneumococcal and
unspecified parapneumonic empyema. The same pattern was not observed for fractures, a
control condition unlikely to be impacted by PCV7 or PCV13 introduction. In addition, the
observed changes were specific to pneumococcal and unspecified empyema, and not
observed for other specified causes of empyema.

The decrease in parapneumonic empyema rates was likely driven by PCV13 introduction in
2010. Although rates of IPD specifically caused by PCV7 serotypes decreased since PCV7
introduction, rates of parapneumonic empyema increased during the post-PCV7 years. This
increase was attributed, at least in part, to the increase in IPD due to serotypes 1, 7F, 3 and
19A, which were not included in PCV7 but have been consistently linked to a greater
likelihood of parapneumonic empyema [3,5,10,11,13,17]. PCV13 includes serotypes 1, 3, 7F
and 19A, among others, and IPD attributable to these serotypes has declined since PCV13
introduction [30-32]. Consistent with those reports, our findings provide evidence of a
significant decrease in parapneumonic empyema among U.S. children after PCV13
introduction in 2010.

Similar findings among children have been observed in smaller studies conducted in selected
European countries and among a subset of the U.S. population. In a regional surveillance
study of hospitals in Madrid, Spain, annual parapneumonic empyema rates declined from
6.73 cases per 100,000 children in May 2009-April 2010 to 4.14 per 100,000 children in
May 2010-April 2011 after PCV13 introduction in June 2010, mostly due to the reduction
of serotype 1 and 19A pneumococcal disease [33]. Similarly, a large referral hospital in
Central Greece reported marked reductions in childhood empyema after widespread use of
PCV13; those reductions were associated with declines in empyema due to pneumococcal
serotypes 19A and 7F [34]. In addition, nationally representative studies of hospital
admissions for parapneumonic empyema in Scotland and England found that PCV13
introduction was associated with a relative rate reduction of 0.78 (95% CI:0.63-0.98) and
0.58 (95% C1:0.34-0.99), respectively [35, 36]. Among children in the U.S., a retrospective
time series analysis, using a private insurance database of hospital discharges representing
around 20% of U.S. hospitalizations and data through mid-2012, reported early declines in
empyema rates after PCV13 introduction relative to pre-PCV13 years among children <2, 2—
4 and 5-17 years (RR:0.76, RR:0.53, RR:0.62, respectively) [37]. However, our study is the
first to demonstrate the national changes in parapneumonic empyema since introduction of
the first PCVs using a representative sample of children of all insurance status and data
including the full 3-year period following PCV13 introduction.

Our assessment of changes in parapneumonic empyema by likely causative organisms
extended our main analysis and indicated that hospitalization rates for pneumococcal and
unspecified empyema declined following PCV13 introduction. Most empyema had an
unspecified etiology, reflecting the difficulty in establishing etiology with traditional
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diagnostics. Previous studies that applied molecular diagnostic techniques have reported that
many culture negative empyemas are due to pneumococcus [3,38]. The significant declines
observed in unspecified empyema following PCV13 introduction are consistent with those
observations.

Several limitations should be considered when interpreting the results of our study. First,
caution should be used when attributing changes in hospitalizations for parapneumonic
empyema directly to PCV7 and PCV13 introduction due to the ecologic nature of our study.
However, the ecologic design is the preferred method for understanding both the direct and
indirect effects of PCV13 introduction, due to the rapid and high level of uptake of these
vaccines after their introduction into the U.S. childhood immunization schedule. The
observed changes after PCV13 introduction were more pronounced among children <2 years
of age, thus providing evidence for direct benefit to the target population of the vaccination
program. To address the concern of observed declines in empyema being the result of
generalized changes in hospitalization patterns, we examined whether the observed declines
were specific to our outcome of interest using fracture hospitalizations as a control
condition. We did not find evidence of changes in this control condition associated with the
introduction of PCVs. However, as previously reported, we observed a systematic decline in
fracture hospitalizations among children during the study period that was similar across age
groups [39]. This decline is consistent with previous reports from the Kids’ Inpatient
Database that documented decreases in the rate of hospitalizations for trauma and
musculoskeletal system conditions from 2000 to 2012 among US children (26% and 22.7%,
respectively), as well as a reduction in specific fracture types over the study period
(including femoral fractures) [39,40]. This decline in hospitalization for fractures could be
partially due to a decreased incidence of injury among children (i.e. reduction in motor
vehicle accidents and injury) [41-43], but could also be related to shifting patterns of care
for fracture among pediatric patients from general hospitals to children’s hospitals and
ambulatory surgical settings [44, 45]. Nevertheless, unlike the clear declines observed in
empyema hospitalizations following PCV13 introduction, the existing declining trends of
fracture hospitalizations observed throughout the study period were not clearly affected by
vaccine introduction.

Second, due to the nature of the study design, the possibility that changes in coding practices
for hospitalizations may have influenced the observed trends cannot be ruled out.
Nevertheless, our main analyses showed that the parapneumonic empyema rates increased
during PCV7 years, and decreased following PCV13 introduction, despite a steady increase
in the average number of recorded diagnoses. The average length of hospital stay and the
proportion of children hospitalized for parapneumonic empyema that had comorbidities also
increased during the study years. It remains unclear whether these changes represent more
comprehensive coding, a concentration of this complication among children with more
comorbidities or a combination of these factors. Further studies would be helpful to clarify
these observations. Third, the use of coded discharge diagnoses to identify hospitalizations
for parapneumonic empyema allows for the possibility of misclassification of the study
outcome. We did not include diagnoses for pleural effusions in our study, but a planned
secondary analysis that evaluated a more specific parapneumonic empyema definition
(evidence of a thoracentesis procedure in addition to the diagnosis of empyema) yielded
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results similar to our primary analysis. Finally, establishing the etiology of parapneumonic
empyema is challenging given known limitations of current diagnostic tests, and our attempt
to classify empyema by likely causative organism may be subject to misclassification.
Moreover, as pneumococcal serotyping is not part of routine care nor is recorded in our data
sources, we could not provide information on the specific pneumococcal serotypes involved
in the observed outcomes.

CONCLUSION

In contrast to the increased incidence of hospitalizations for parapneumonic empyema
observed after PCV7 introduction, PCV13 introduction into the U.S. childhood
immunization schedule was associated with a substantial reduction of hospitalizations for
parapneumonic empyema among U.S. children. The expanded serotype coverage of PCV13
likely contributed to the return of hospitalization rates for parapneumonic empyema closer to
historical rates observed prior to PCV7 introduction.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Glossary
PCV7 7-valent pneumococcal conjugate vaccine
PCV13 13-valent pneumococcal conjugate vaccine
PCV pneumococcal conjugate vaccine
NIS Nationwide Inpatient Sample
ICD9-CM International Classification of Disease 9t version-Clinical Modification
RR relative rate
Cl confidence interval
HCUP Healthcare Cost and Utilization Project
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Figure 1. Annualized rates of parapneumonic empyema related hospitalizations per 100,000
children <18 years, United States, 1997-2013

Legend: Annualized rates of empyema related hospitalizations per 100,000 children <18
years, U.S., 1997-2013. The dashed-blue line represents the years of introduction for PCV7
in 2000 and PCV13 in 2010. Periods were defined excluding years of PCV introduction:
Pre-PCV7 (1997-1999), Early-PCV7 (2001-2005), Late-PCV7 (2006-2009) and Post-
PCV13 (2011-2013).
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Figure 2. Annualized rates of parapneumonic empyema related hospitalizations per 100,000
children <18 years (95% CI) by PCV period and age group, United States (1997-2013)

Legend: Annualized rates of hospitalization for parapneumonic empyema by age group and
PCV period, per 100,000 children. Error bars represent the 95% confidence interval of the
rate of hospitalizations for parapneumonic empyema by age group and period.
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Figure 3. Annualized rates of parapneumonic empyema related hospitalizations per 100,000
children <18 years (95% CI) by likely causative organism, PCV period and age group, United
States (1997-2013)

Legend: Annualized rates of hospitalization for parapneumonic empyema by organism type
(pneumococcal, streptococcal, staphylococcal or other/unspecified), age group and period,
per 100,000 children. Error bars represent the 95% confidence interval of the rate of
hospitalizations for parapneumonic empyema by age group and period within each organism

type.

Vaccine. Author manuscript; available in PMC 2017 December 07.



1duosnuey Joyiny

Wiese et al. Page 15

Table 1

Annualized rates of parapneumonic empyema related hospitalizations per 100,000 children <18 years by
vaccination era, United States, 1997-2013

Period All Parapneumonic Empyema Parapneumonic Empyema with Thoracentesis
Estimated Number of Rate per 100,000 Estimated Number of Rate per 100,000 (95%
Hospitalizations (95% CI) Hospitalizations Cl)
Pre-PCV7 (1997-1999) 4,501 21(1.7,2.4) 3,827 1.8(1.5,2.1)
Early-PCV7 (2001-2005) 11,460 3.1(25,3.7) 9,742 2.7(2.1,3.2)
Late-PCV7 (2006-2009) 10,538 3.6 (2.9,4.2) 9,015 3.0(2.4,3.7)
Post-PCV13 (2011-2013) 4,402 2.0(1.7,2.3) 3,748 1.7 (1.4,20)

Footnote: PCV7: 7-valent pneumococcal conjugate vaccine; PCV13: 13-valent pneumococcal conjugate vaccine; Cl: Confidence Interval
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