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Increased paediatric hospitalizations for empyema in Australia
after introduction of the 7-valent pneumococcal conjugate vaccine

Roxanne E Strachan, Thomas L Snelling® & Adam Jafféc

Objective To examine rates of paediatric hospitalization for empyema and pneumonia in Australia before and after the introduction of the
seven-valent pneumococcal conjugate vaccine (PCV7).

Methods Rates of paediatric hospitalization for empyema and pneumonia (bacterial, viral and all types) were calculated following the codes
of the International Classification of Diseases, tenth revision (ICD-10) as a principal diagnosis. The expected number of hospitalizations after the
PCV7 was introduced was estimated on the basis of the observed number of hospitalizations before the introduction of the PCV7. Incidence
rate differences (IRDs) and incidence rate ratios (IRRs) were calculated. Hospitalization incidence in each study period was expressed as the
number of hospitalizations per million (10°) person—years. The population of children aged 0-19 years in Australia from 1998 to 2004 and
from 2005 to 2010, as reported by the Australian Bureau of Statistics, was used to calculate the number of person—years in each period.
Findings In the 5 years following the introduction of the PCV7, hospitalizations for pneumonia were fewer than expected (15304 fewer;
95% confidence interval, Cl: 1464615 960; IRD: —552 per 10° person—years; 95% Cl: =576 to =529 per 10° person-years; IRR: 0.78; 95% Cl:
0.77-0.78). Hospitalizations for empyema, on the other hand, were more than expected (83 more; 95% Cl: 37-128; IRD: 3 per 10° person—
years; 95% Cl: 1-5 per 10° person—-years; IRR: 1.35;95% Cl: 1.14-1.59). Reductions in hospitalizations were observed for all ICD-10 pneumonia
codes across all age groups. The increase in empyema hospitalizations was only significant among children aged 1 to 4 years.
ConclusionThe introduction of the PCV7 in Australia was associated with a substantial decrease in hospitalizations for childhood pneumonia
and a small increase in hospitalizations for empyema.
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Introduction

Streptococcus pneumoniae is the leading cause of bacterial
infection in children worldwide and the most common cause
of bacterial pneumonia in Australia, where it accounts for ap-
proximately one third of all cases." In Australia, about 0.7% of
all cases of pneumonia in children are complicated by empy-
ema, which requires hospitalization for treatment and possible
drainage.’S. pneumoniae is also the most common pathogen
causing empyema.’ The 7-valent pneumococcal conjugate
vaccine (PCV7) was introduced in Australia’s national im-
munization programme in two phases: in 2001 for indigenous
and immunocompromised children less than 2 years of age,
and in January 2005 for all children in this age group. In July
2011 the PCV7 was replaced by a 13-valent conjugate vaccine.
The PCV7 was administered as a three-dose series at ages 2, 4
and 6 months, without a booster.

Although pneumococcal conjugate vaccines have reduced
invasive pneumococcal disease rates in children and adults
throughout the world, ** several studies have reported a con-
comitant increase in empyema cases, both in the vaccinated
and the non-vaccinated population.'”"'” Because up to 90%
of these cases have been caused by bacterial serotypes not
included in the PCV7,'°""2 some fear that empyema may have
emerged as a “replacement disease”, i.e. disease produced by
non-vaccine-related serotypes that have become predominant.
Although we have reported the rates of childhood empyema in
Australia elsewhere,” no previous studies have examined how
the introduction of PCV7 has affected childhood empyema
rates in this country. The objective of this study is to examine

the incidence of paediatric hospitalizations for pneumonia
and empyema in Australia before and after the introduction
of the PCV7.

Methods

We reviewed the annual incidence in Australia of paediatric
hospitalizations for empyema and pneumonia (viral and bacte-
rial) before and after the introduction of PCV7 among children
in the following age groups: <1 year, 1-4 years, 5-9 years,
10-14 years and 15-19 years. The pre-vaccine period extended
from July 1998 to June 2004; the post-vaccine period, from July
2005 to June 2010. We excluded all hospitalizations from July
2004 to June 2005 because the PCV7 was introduced midway
through this period. In Australia, hospital discharges are coded
for the principal diagnosis (primary cause) in accordance
with the coding system of the International Classification of
Diseases, tenth revision. The Australian Institute of Health
and Welfare collated the national hospital discharge codes
supplied by state and territory authorities per financial year,
from July to June, and introduced them into the National
Hospital Morbidity Database, which is publicly available.
From this database we obtained data on the hospitalizations
in the age groups already indicated. Although a “child” is
generally defined as a person under the age of 18 years, data
cubes were only available for these age groups. We included
codes for bacterial pneumonia (J13-J15.9, J16.8,]18.0, J18.1,
J18.8-J20.0) and viral pneumonia (J10.0, J11.0, J12.0-J12.2,
J12.8, J12.9), as well as codes for empyema (J86-]86.9). We
expressed hospitalization incidence as hospitalizations per 10°
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person-years and used census data for
the population less than 20 years of age
from the Australian Bureau of Statistics
to calculate the number of person-
years in each study period. There were
31846901 and 27 713 068 person-years
in the pre- and post-vaccine periods,
respectively.

We compared the incidence of hos-
pitalization for all pneumonias, as well
as for bacterial and viral pneumonia
separately and for empyema, in the pre-
and post-vaccine periods. We estimated
the expected number of hospitalizations
in the post-vaccine period by multiply-
ing the hospitalization incidence rate in
the pre-vaccine period by the number
of person-years in the post-vaccine
period. We also calculated incidence
rate differences (IRD =incidence rate in
pre-vaccine period minus incidence rate
in post-vaccine period) and incidence
rate ratios (IRR = incidence rate in post-
vaccine period divided by incidence rate
in pre-vaccine period) with their exact
95% confidence intervals (CIs), assum-
ing a Poisson distribution.

Results

Overall, 78 552 and 53 052 pneumonia-
coded hospitalizations took place in
the periods before and after the intro-
duction of the PCV7, respectively. The
incidence of hospitalizations was 22%
lower in the post-vaccine period than
in the pre-vaccine period (IRR: 0.78;
95% CI:0.77-0.78) (Fig. 1, Table 1). This
reduction in hospitalization incidence
was greatest among children whose
age made them eligible for vaccination
(i.e. <1 year and 1 to 4 years in age) but
was observed in all age groups. Most of
the decrease in the incidence of hospi-
talizations was noted among children
hospitalized for pneumonia with a
bacteria-specific code (Table 1). In con-
trast, the incidence of hospitalizations
coded as being for empyema was 35%
higher (IRR: 1.35; 95% CI: 1.14-1.59)
in the post-vaccine period than in the
pre-vaccine period (Fig. 2, Table 1); the
incidence of hospitalizations coded for
viral pneumonia was 31% higher (IRR:
1.31; 95% CI: 1.27-1.35) (Table 1).
However, the absolute increase in
the incidence of hospitalizations for
empyema and for viral pneumonia (3
and 70 hospitalizations more per 10°
person-years, respectively) was much
smaller than the absolute decrease in the
incidence of hospitalization for bacterial
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Fig. 1. Incidence® of hospital admissions for pneumonia, Australia, 1998-2004 and

2005-2010
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pneumonia (623 hospitalizations fewer
per 10° person-years). On subgroup
analysis, the increase in empyema was
only significant among children aged 1
to 4 years, which was the age group with
the largest number of hospitalizations.
There was little evidence of an increase
in empyema among children born before
the PCV7 became routinely available in
Australia (i.e. those aged 5-9, 10-14 and
15-19 years).

Discussion

Hospitalizations for childhood em-
pyema in Australia appear to have
increased after the introduction of the
PCV7, despite a significant decrease
in hospitalizations for pneumonia as
a whole over the same period. The
reduction in the incidence of hospi-
talizations for pneumonia was greatest
among children whose age made them
eligible for vaccination (i.e. <1 year
and 1-4 years in age), but more modest
reductions were also observed among
older children. Although the increase
in the incidence of hospitalizations for
empyema (which is present in fewer
than 1% of pneumonia hospitalizations)
was greatly outweighed by the reduction
in the incidence of hospitalizations for
pneumonia, empyema accounts for
an important fraction of the cases of
severe, complicated pneumonia. We
assume that the IRDs we report here
are primarily the result of vaccine-

attributable changes in the epidemiology
of childhood pneumonia in Australia,
although they could also be reflecting
other factors, including underlying
secular trends. Our method is analogous
to the method used in studies in England
and Scotland on trends in childhood
pneumonia and empyema.'®"”

We based this analysis on publicly
available hospitalization and population
data. A limitation of the study is that
we used hospital discharge data coded
for the primary diagnosis. Bacterial
pneumonias in children are difficult
to distinguish from viral pneumonias
because bacterial culture has a low
positive yield. Furthermore, as many as
33% of the children with pneumonia are
infected by mixed pathogens.”” Hence,
the coding data may be inaccurate. To
avoid this problem, we chose to compare
the hospitalization rates for pneumonia
as a whole rather than for bacteria-
specific pneumonias. The reduction in
hospitalizations for bacterial pneumonia
was accompanied by a smaller absolute
increase in pneumonias coded as viral
(Table 1). This might reflect changes in
coding practices or perhaps improve-
ments in molecular diagnostics and
a greater availability of viral antigens
over time. Pneumonias coded as viral
decreased among infants. This was also
seen in a field trial of conjugate vac-
cine that demonstrated a reduction in
viral pneumonia, presumably because
viral pneumonia in young children is
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Fig. 2. Incidence® of hospital admissions for empyema, Australia, 1998-2004 and

2005-2010
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often complicated by co-infection with
pneumococcus.’!

Another limitation of our study is
that we only included hospitalizations
for which pneumonia and empyema
were the primary diagnosis. Hence, our
findings probably represent minimum
estimates of disease incidence. Fur-
thermore, we were unable to perform
subgroup analysis by ethnic group and
place of residence because these data are
not publicly available.

For convenience, we examined the
period preceding and the period follow-
ing the introduction of the PCV7. Since
the vaccine was introduced in January
2005, we excluded from the analysis all
data for the period from July 2004 to
June 2005 (Table 1). Nonetheless, the
post-vaccine period included some chil-
dren whose age would not have made
them eligible for vaccination, and this
could have resulted in an underestima-
tion of the vaccine’s effect except in the
youngest age group (<1 year). In addi-
tion, targeted vaccination of indigenous
children occurred during part of the pre-
vaccine period. However, this probably
affected our estimates only minimally
since indigenous people account for
only 3% of the Australian population.*

Although the PCV7 has substan-
tially reduced the rates of invasive
pneumococcal disease, reports from
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around the world suggest that the in-
cidence of empyema in children has
increased following the introduction of
the PCV7."%!"! The reasons for this are
not entirely clear, but virulent serotypes
not covered by the PCV7 may have
emerged as a result of the selective pres-
sure applied by the vaccine. Most cases
of empyema among Australian children
are caused by serotypes 1, 3 and 19A,”
which are believed to be particularly
virulent and more likely to invade the
pleural cavity.*** The reported increase
in serotypes 1, 3 and 19A among inva-
sive isolates might explain the increase
in empyema but not in pneumonia per
se.'””'> On the other hand, an increase in
the incidence of empyema was observed
in some studies before the introduction
of the PCV7.%%-% This suggests that the
observed association between the intro-
duction of the PCV7 and the rise in em-
pyema incidence may be coincidental.
Irrespective of its cause, the ob-
served increase in empyema adds to
health system costs. In a clinical study
in the United Kingdom of Great Britain
and Northern Ireland, we calculated
that the cost per admission for a child
with empyema was between 7600 and
11700 United States dollars (US$).” A
study in the United States yielded simi-
lar estimates.”® Thus, the 35% increase
in empyema admissions observed in

Roxanne E Strachan et al.

Australia following the introduction
of the PCV7 has brought an additional
expenditure of US$ 126 160-194220
per year to the Australian health-care
system. On the other hand, the reduc-
tion in pneumonia admissions has saved
the health system US$ 3.8 million-6.1
million annually (based on United King-
dom cost-analysis data for pneumonia
admissions).”’ Although modest, the
additional costs owing to the increase
in cases of empyema among children
would be reduced by the use of a vaccine
with broader pneumococcal serotype
coverage.’

In July 2011 (October 2011 in Aus-
tralia’s Northern Territory), Australia’s
13-valent pneumococcal conjugate vac-
cine was introduced into the national
immunization programme. This vaccine
includes six serotypes that the PCV7
does not contain, including serotypes
1, 3 and 19A. Despite this, the large
number of pneumococcal serotypes that
have been identified makes it likely that
other virulent pneumococcal strains will
emerge. This underscores the need for
on-going, enhanced molecular surveil-
lance of invasive pneumococcal strains,
including those that cause empyema in
children. The results of such surveil-
lance, which is already being practised
in the United Kingdom, will directly
affect future policy decisions regarding
the adoption of newer vaccines as part
of the national immunization schedule
in Australia. H
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Résumé

Augmentation des hospitalisations pédiatriques dues a un empyéme en Australie, aprés I'introduction du vaccin

pneumococcique heptavalent conjugué

Objectif Examiner les taux d'hospitalisation pédiatrique due a un
empyéme et a une pneumonie en Australie, avant et apres lintroduction
du vaccin pneumococcique heptavalent conjugué (PCV7).
Méthodes Les taux d’'hospitalisation pédiatrique due a un empyeme
et a une pneumonie (infection bactérienne, virale et de tous types)
ont été calculés selon les codes de la Classification internationale des
maladies (CIM-10), dixieme révision (CIM-10), en tant que diagnostic

Bull World Health Organ 2013;91:167-173 | doi:10.2471/BLT.12.109231

principal. Le nombre attendu d'hospitalisations apreés l'introduction du
PCV7 a été estimé sur la base du nombre d’hospitalisations observées
avant lintroduction du PCV7. Les différences de taux d'incidence (DTI)
et les ratios de taux d'incidence (RTI) ont été calculés. Lincidence
d'hospitalisation durant chaque période de I'étude a été exprimée en
nombre d'hospitalisations par million (10°) d'années-personnes. Les
populations d'enfants agés de 0a 19 ans en Australie, de 1998 & 2004 et
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de 2005 a 2010, telles que rapportées par 'Australian Bureau of Statistics,
ont été utilisées pour calculer le nombre d'années-personnes au cours
de chaque période.

Résultats Dans les 5 années suivant l'introduction du PCV7, les
hospitalisations dues a une pneumonie ont été moins nombreuses
que prévu (15304 en moins; intervalle de confiance IC de 95%:
14646 a 15 960; IRD: =552 par 10° d'années-personnes; IC de 95%:
—576 a =529 par 10°d‘années-personnes; RTl: 0,78, IC de 95%: 0,77
a 0,78). Les hospitalisations dues a un empyeme, par contre, ont été
plus nombreuses que prévu (83 de plus, IC de 95%: 37 a 128; DTI:

Roxanne E Strachan et al.

3 par 10¢d’années-personnes, IC de 95%: 1a 5 par 10°d'années-
personnes; RTI: 1,35;1Cde 95%: 1,14 a 1,59). Des réductions du nombre
d'hospitalisations ont été observées pour tous les codes de pneumonie
CIM-10 dans tous les groupes d'dge. 'augmentation du nombre
d'hospitalisations dues a un empyéme n‘a été significative que chez
les enfants agés de 1 a4 ans.

Conclusion lintroduction du PCV7 en Australie a été associée a
une diminution substantielle du nombre d'hospitalisations d'enfants
dues a une pneumonie et a une légere augmentation du nombre
d'hospitalisations dues a un empyeme.

Pesilome

Yuactuswimecsa aiyydyanm rocnntannsagmn AeTen C SMNMemMoi B ABCTpaJWII/I nocsie BBe4eHUsA ceMnBaneHTHOMN

NMHEeBMOKOKKOBOW KOH'bIOI'I/IpOBaHHOI‘"I BaKLUWHbI

Llenb VI3yunTb nokasatenn rocnmtanvsaumn fetein C sMnMemon v
MHEBMOHVeN B ABCTpanuv 10 1 NoC/e BBEAEHWA CEMUBANEHTHOM
MHEBMOKOKKOBOW KOHbIOMMPOBAHHOM BakLIMHbI (PCV7).

MeTopbl [lokasaTenu rocnutann3auum geten C amnmemon
1 NHEeBMOHMel (bakTepuanbHOM, BUPYCHON 1 BCEX TUMOB)
PacCcUMTHIBANMCL NO Koaam MexayHapoaHoW Knaccudukaumm
6onesHelt 10-ro nepecmotpa (MKB-10) B kauecTse COMyTCTBYIOLLETO
nvarHo3a. OxugaemMoe Ymicno rocntanmsaumi nocne seeaerms PCV7
onpeensnoc Ha OCHOBe HabMAAEMOrO UMCa FOCMUTANM3aLMIA 1O
BBeaeHua PCV7. bbin npor3BefeH pacyeT pa3HuLbl B MOKasaTenax
3abonesaemocT (IRD) v koadbduLMeHTOB YacToTbl 3abonesaHmii (IRR).
HacToTa Cyyaes rocnmtanm3aLin B KaxaoM Neprioae NCCnefoBaHna
Bblpa)kanacb B BMAE YMCa rOChUTanmM3aumin Ha MuaanoH (109
uenoeko-neT. Mo coobleHraM ABCTPaNMINCKOro 6i0pO CTAaTUCTVIKK,
YMCIIO YENOBEKO-TIET B KaXAOM NEPVIOAE PAaCCUMTHIBANOCh Ha OCHOBE
COBOKYMHOrO YnCIIa leTel B BO3pacTe OT Hy/A A0 AeBATHAALATL NeT
B ABCTpanun ¢ 1998 no 2004 rr. 1 ¢ 2005 no 2010 rT.

Pesynbratbl Ha npotaxeHun natn net nocne seegerHua PCV7
roKa3aTteny rocnuTanmn3aLny BCeacTBne MHEBMOHNM ObIN HXKeE
oXKuraaemMblx (MeHbLe Ha 15 304; 95% foBepUTenbHbIN MHTepBan, AM:
14646-15960; IRD: —552 Ha 10° yenoseko-neT; 95% [: o1 =576 1o
—529Ha 10° yenoseko-neT, IRR: 0,78; 95% [I1: 0,77-0,78). MokazaTtenn
roCnuTanM3aumm BCNeACTBME SMIVEMDI, HAMPOTMB, OKa3anCh Bbile
oxnaaemMblx (6onblue Ha 83;95% [1M: 37-128;IRD: 3 Ha 10° yenoseko-
net; 95% [11: 1-5 Ha 10° uenoseko-neT; IRR: 1,35; 95% [W1: 1,14-1,59).
YMeHblUEHMe noka3zaTtenei rocnutan3aumnm Habnoaanocs ana Bcex
KopnoB nHesmoHMM No MKB-10 Bo Bcex rpynnax. YBenunueHue uncna
CNyyYaeB rocnmnTanv3aLv BCeACTaIe SMMVieMbl ObiNo 3HAUMTENbHbBIM
TONbKO Cpeav AeTen B BO3pacTe OT OAHOMO rofda Ao YeTblpex net.
BbiBop Beeperve PCV7 B ABCTpanuu CONpPOBOXKAANOCh
CYLLECTBEHHbIM YMEHbLIEHEM NOKa3aTenen rocnutanmsaumm
BCNIeACTBME AETCKOW MHEBMOHMM 1 HE3HAUYUTENbHBIM YBENMUEHVEM
roKasaTenen rocnuTansaLmm BCieacTsMe SMnembl.

Resumen

Aumento de las hospitalizaciones pediatricas por empiema en Australia tras la introduccion de la vacuna conjugada

antineumocdcica heptavalente

Objetivo Examinar las tasas de hospitalizacion pedidtrica por empiema
y neumonia en Australia antes y después de la introduccién de la vacuna
conjugada antineumococica heptavalente (PCV7).

Métodos Se calcularon las tasas de hospitalizacion pediatrica por
empiema y neumonia (bacteriana, virica y todos los tipos) siguiendo
los codigos de la Clasificacion internacional de enfermedades, Décima
Revision (CIE-10) como forma de diagndstico principal. El nimero
esperado de hospitalizaciones tras la PCV7 se calculé en base al
numero de hospitalizaciones observado antes de la introduccion de
la vacuna. Se calcularon las diferencias en la tasa de incidencia (DTI)
y las proporciones de la tasa de incidencia (PTI). La frecuencia de las
hospitalizaciones en cada periodo de estudio se expresé como el
numero de hospitalizaciones por millén (10% de afios-persona. Para
calcular el nimero de afos-persona en cada periodo, se utilizé la
poblacion de nifios entre 0y 19 afios en Australia desde 1998 hasta
2004 y desde 2005 hasta 2010, de acuerdo con las informaciones de la
Oficina de Estadistica Australiana.
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Resultados En los cinco afios siguientes a la introduccion de la PCV7, las
hospitalizaciones por neumonia fueron inferiores alo esperado (15 304
menos; intervalo de confianza del 95%, IC: 14 646-15 960; DTI: —552 por
10° afios—persona; IC del 95%: —576 hasta —529 por 10° aflos—persona;
PTI:0,78;1C del 95%:0,77-0,78). Por el contrario, las hospitalizaciones por
empiema fueron mas numerosas de lo esperado (83 més; IC del 95%:
37-128; DTI: 3 por 10° afos—persona; IC del 95%: 1-5 por 10° afos—
persona; PTI: 1,35; IC del 95%: 1,14-1,59). Se observé una disminucion
de las hospitalizaciones para todos los codigos CIE-10 de neumonia
en todos los grupos de edades. El aumento de las hospitalizaciones
por empiema fue significativo Unicamente entre los nifos con edades
comprendidas entre uno 'y cuatro afnos.

Conclusién La introduccién de la PCV7 en Australia estuvo asociada con
un descenso notable en las hospitalizaciones por neumonia infantil, asf
como con un pequefio aumento de las hospitalizaciones por empiema.
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Corrigendum
In Volume 91, Issue 3, March 2013, on page 169: the incidence of hospitalization for viral pneumonia among children aged 1-4 years in the pre-
vaccine era (July 1998 to June 2004) should be 770 per million person—years (originally published as 591).
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