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Increased paediatric hospitalizations for empyema in Australia  
after introduction of the 7-valent pneumococcal conjugate vaccine
Roxanne E Strachan,a Thomas L Snellingb & Adam Jafféc

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.1 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.2S. pneumoniae is also the most common pathogen 
causing empyema.3 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, 4–9 several studies have reported a con-
comitant increase in empyema cases, both in the vaccinated 
and the non-vaccinated population.10–17 Because up to 90% 
of these cases have been caused by bacterial serotypes not 
included in the PCV7,10–12 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,2 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, J18.0, 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–J86.9). We 
expressed hospitalization incidence as hospitalizations per 106 
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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 
31 846 901 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 106 
person–years, respectively) was much 
smaller than the absolute decrease in the 
incidence of hospitalization for bacterial 

pneumonia (623 hospitalizations fewer 
per 106 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.18,19

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.20 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 

Fig. 1.	 Incidencea of hospital admissions for pneumonia, Australia, 1998–2004 and 
2005–2010 
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often complicated by co-infection with 
pneumococcus.21

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.22

Although the PCV7 has substan-
tially reduced the rates of invasive 
pneumococcal disease, reports from 

around the world suggest that the in-
cidence of empyema in children has 
increased following the introduction of 
the PCV7.10,11 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,23 
which are believed to be particularly 
virulent and more likely to invade the 
pleural cavity.24,25 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.10–12 On the other hand, an increase in 
the incidence of empyema was observed 
in some studies before the introduction 
of the PCV7.2,26–28 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 
11 700 United States dollars (US$).29 A 
study in the United States yielded simi-
lar estimates.30 Thus, the 35% increase 
in empyema admissions observed in 

Australia following the introduction 
of the PCV7 has brought an additional 
expenditure of US$ 126 160–194 220 
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).31 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.3

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. ■
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Fig. 2.	 Incidencea of hospital admissions for empyema, Australia, 1998–2004 and 
2005–2010
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ملخص
زيادة عدد الأطفال الذين يتم إدخالهم إلى المستشفيات إثر إصابتهم بالدبيلة في أستراليا بعد إدخال اللقاح المتقارن المضاد 

لالتهاب المكورات الرئوية السباعي
إثر  المستشفيات  إلى  الأطفال  إدخال  معدلات  دراسة  الغرض 
إدخال  قبل  أستراليا  في  الرئوي  والالتهاب  بالدبيلة  إصابتهم 
السباعي وبعده  الرئوية  المتقارن المضاد لالتهاب المكورات  اللقاح 

.)PCV7(
المستشفيات  إلى  الأطفال  إدخال  معدلات  حساب  تم  الطريقة 
والفيروسي  )الجرثومي  الرئوي  والالتهاب  بالدبيلة  إصابتهم  إثر 
المراجعة  للأمراض،  الدولي  التصنيف  رموز  وفق  فئاته(  وجميع 
تقدير  وتم  رئيسياً.  تشخيصاً  باعتبارها   )ICD-10( العاشرة 
بعد  المستشفيات  إلى  إدخالها  يتم  التي  للحالات  المتوقع  العدد 
الرئوية  المكورات  لالتهاب  المضاد  المتقارن  اللقاح  استخدام 
التي  للحالات  ملاحظته  تمت  الذي  العدد  أساس  على  السباعي 
المضاد  المتقارن  اللقاح  استخدام  بعد  المستشفيات  إلى  إدخالها  يتم 
بين  الفروق  حساب  وتم  السباعي.  الرئوية  المكورات  لالتهاب 
 .)IRRs( الإصابة  ونسب معدلات   )IRDs( الإصابة  معدلات 
المستشفيات في كل فترة من  إلى  التعبير عن حالات الإدخال  وتم 
المستشفيات  إلى  الإدخال  حالات  عدد  شكل  في  الدراسة  فترات 
لكل مليون )106( شخص-عام. وتم استخدام الفئة السكانية من 
الأطفال الذين يبلغون من العمر 0 - 19 سنة في أستراليا في الفترة 
من 1998 إلى 2004 وفي الفترة من 2005 إلى 2010، وفق تقرير 
المكتب الأسترالي للإحصاءات، لحساب عدد الأشخاص إلى عدد 

السنوات في كل فترة.
اللقاح  استخدام  أعقبت  التي  سنوات  الخمس  خلال  النتائج 
انخفضت  السباعي،  الرئوية  المكورات  لالتهاب  المضاد  المتقارن 

حالات الإدخال إلى المستشفيات نتيجة الإصابة بالالتهاب الرئوي 
فاصل  15304حالة؛  إلى  الحالات  عدد  )انخفض  المتوقع  عن 
بين  الفرق  15960؛  إلى   14646 من  الثقة:  فاصل   ،%  95 الثقة 
معدلات الإصابة: 552- لكل مليون شخص-عام؛ فاصل الثقة 
95 %، فاصل الثقة: من 576- إلى 529- لكل مليون شخص-
فاصل  الثقة 95 %،  فاصل  الإصابة: 0.78؛  نسبة معدلات  عام؛ 
الثقة: من 0.77 إلى 0.78(. وعلى الجانب الآخر، زادت حالات 
)زادت  المتوقع  بالدبيلة عن  الإصابة  إثر  المستشفيات  إلى  الإدخال 
الحالات بمقدار 83؛ فاصل الثقة 95 %، فاصل الثقة: من 37 إلى 
الفرق بين معدلات الإصابة: 3لكل مليون شخص-عام؛  128؛ 
فاصل الثقة 95 %، فاصل الثقة: من 1 إلى 5 لكل مليون شخص-
من   :%  95 الثقة  فاصل  1.35؛  الإصابة:  معدلات  نسبة  عام؛ 
1.14 إلى 1.59(. ولوحظت انخفاضات في حالات الإدخال إلى 
التصنيف  رموز  لجميع  العاشرة  المراجعة  بخصوص  المستشفيات 
الفئات  جميع  بين  الرئوي  بالالتهاب  المعنية  للأمراض  الدولي 
العمرية. ولم تكن الزيادة في حالات الإدخال إلى المستشفيات نتيجة 
الإصابة بالدبيلة كبيرة إلا بين الأطفال الذين تتراوح أعمارهم من 

سنة إلى 4 سنوات.
الاستنتاج ارتبط إدخال اللقاح المتقارن المضاد لالتهاب المكورات 
إدخال  حالات  في  كبير  بانخفاض  أستراليا  في  السباعي  الرئوية 
وبزيادة  الرئوي  بالالتهاب  الإصابة  إثر  المستشفيات  إلى  الأطفال 
الإصابة  إثر  المستشفيات  إلى  الأطفال  إدخال  حالات  في  صغيرة 

بالدبيلة.

摘要
澳大利亚引进7 价肺炎球菌结合疫苗后更高的儿童脓胸症住院率
目的 调查在引进七价肺炎球菌结合疫苗（PCV7）之前和
之后澳大利亚脓胸症和肺炎儿科住院率。
方法 作为主要诊断，按照国际疾病分类第十次修订本
（ICD-10）编码，计算脓胸症和肺炎（细菌、病毒和所
有类型）的儿科住院率。根据PCV7 引进之前观察到的住
院数据估计引进PCV7 之后的预期住院数量。计算发病率
差异（IRD）和发病率比（IRR）。每个研究期间的住院发
病率以每百万 (106) 人年的住院数量表示。使用澳大利亚
统计局报告的 1998 年至 2004 年和 2005 年至 2010 年
之间的澳大利亚 0-19 岁儿童人口来计算每个期间的人年。
结果 在引进PCV7后的 5 年内，肺炎住院量少于预期（

少 15304；95%置信区间，CI：14646-15960；IRD：
每百万人年−552 例；95% CI：每百万人年−576 至−529 
例；IRR：0.78；95%CI：0.77-0.78）。另一方面，脓胸
症住院量超过预期（多83 例，95% CI：37-128；IRD： 
每百万人年3 例；95% CI：每百万人年1-5 例；IRR：1.35
；95% CI：1.14-1.59）。观察到所有年龄组的所有ICD-
10 肺炎编码住院率减少。仅1 至4 岁儿童脓胸症住院率
显著增加。
结论 澳大利亚引进PCV7 与儿童肺炎住院率显著减少以及
脓胸症住院率小幅增加有关联性。

Résumé 

Augmentation des hospitalisations pédiatriques dues à un empyème en Australie, après l’introduction du vaccin 
pneumococcique heptavalent conjugué
Objectif Examiner les taux d’hospitalisation pédiatrique due à un 
empyème et à une pneumonie en Australie, avant et après l’introduction 
du vaccin pneumococcique heptavalent conjugué (PCV7).
Méthodes Les taux d’hospitalisation pédiatrique due à un empyème 
et à une pneumonie (infection bactérienne, virale et de tous types) 
ont été calculés selon les codes de la Classification internationale des 
maladies (CIM-10), dixième révision (CIM-10), en tant que diagnostic 

principal. Le nombre attendu d’hospitalisations après l’introduction du 
PCV7 a été estimé sur la base du nombre d’hospitalisations observées 
avant l’introduction du PCV7. Les différences de taux d’incidence (DTI) 
et les ratios de taux d’incidence (RTI) ont été calculés. L’incidence 
d’hospitalisation durant chaque période de l’étude a été exprimée en 
nombre d’hospitalisations par million (106) d’années-personnes. Les 
populations d’enfants âgés de 0 à 19 ans en Australie, de 1998 à 2004 et 
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de 2005 à 2010, telles que rapportées par l’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 à une pneumonie ont été moins nombreuses 
que prévu (15 304 en moins; intervalle de confiance IC de 95%: 
14 646 à 15 960; IRD: −552 par 106 d’années-personnes; IC de 95%: 
−576 à −529 par 106 d’années-personnes; RTI: 0,78, IC de 95%: 0,77 
à 0,78). Les hospitalisations dues à un empyème, par contre, ont été 
plus nombreuses que prévu (83 de plus, IC de 95%: 37 à 128; DTI: 

3 par 106 d’années-personnes, IC de 95%: 1 à 5 par 106 d’années-
personnes; RTI: 1,35; IC de 95%: 1,14 à 1,59). Des réductions du nombre 
d’hospitalisations ont été observées pour tous les codes de pneumonie 
CIM-10 dans tous les groupes d’âge. L’augmentation du nombre 
d’hospitalisations dues à un empyème n’a été significative que chez 
les enfants âgés de 1 à 4 ans.
Conclusion L’introduction du PCV7 en Australie a été associée à 
une diminution substantielle du nombre d’hospitalisations d’enfants 
dues à une pneumonie et à une légère augmentation du nombre 
d’hospitalisations dues à un empyème.

Резюме

Участившиеся случаи госпитализации детей с эмпиемой в Австралии после введения семивалентной 
пневмококковой конъюгированной вакцины
Цель Изучить показатели госпитализации детей с эмпиемой и 
пневмонией в Австралии до и после введения семивалентной 
пневмококковой конъюгированной вакцины (PCV7).
Методы Показатели госпитализации детей с эмпиемой 
и пневмонией (бактериальной, вирусной и всех типов) 
рассчитывались по кодам Международной классификации 
болезней 10-го пересмотра (МКБ-10) в качестве сопутствующего 
диагноза. Ожидаемое число госпитализаций после введения PCV7 
определялось на основе наблюдаемого числа госпитализаций до 
введения PCV7. Был произведен расчет разницы в показателях 
заболеваемости (IRD) и коэффициентов частоты заболеваний (IRR). 
Частота случаев госпитализации в каждом периоде исследования 
выражалась в виде числа госпитализаций на миллион (106) 
человеко-лет. По сообщениям Австралийского бюро статистики, 
число человеко-лет в каждом периоде рассчитывалось на основе 
совокупного числа детей в возрасте от нуля до девятнадцати лет 
в Австралии с 1998 по 2004 гг. и с 2005 по 2010 гг. 

Результаты На протяжении пяти лет после введения PCV7 
показатели госпитализации вследствие пневмонии были ниже 
ожидаемых (меньше на 15 304; 95% доверительный интервал, ДИ: 
14 646–15 960; IRD: −552 на 106 человеко-лет; 95% ДИ: от −576 до 
−529 на 106 человеко-лет; IRR: 0,78; 95% ДИ: 0,77-0,78). Показатели 
госпитализации вследствие эмпиемы, напротив, оказались выше 
ожидаемых (больше на 83; 95% ДИ: 37–128; IRD: 3 на 106 человеко-
лет; 95% ДИ: 1–5 на 106 человеко-лет; IRR: 1,35; 95% ДИ: 1,14-1,59). 
Уменьшение показателей госпитализации наблюдалось для всех 
кодов пневмонии по МКБ-10 во всех группах. Увеличение числа 
случаев госпитализации вследствие эмпиемы было значительным 
только среди детей в возрасте от одного года до четырех лет.
Вывод Введение PCV7 в Австралии сопровождалось 
существенным уменьшением показателей госпитализации 
вследствие детской пневмонии и незначительным увеличением 
показателей госпитализации вследствие эмпиемы.

Resumen

Aumento de las hospitalizaciones pediátricas por empiema en Australia tras la introducción de la vacuna conjugada 
antineumocócica heptavalente
Objetivo Examinar las tasas de hospitalización pediátrica por empiema 
y neumonía en Australia antes y después de la introducción de la vacuna 
conjugada antineumocócica heptavalente (PCV7).
Métodos Se calcularon las tasas de hospitalización pediátrica por 
empiema y neumonía (bacteriana, vírica y todos los tipos) siguiendo 
los códigos de la Clasificación internacional de enfermedades, Décima 
Revisión (CIE-10) como forma de diagnóstico principal. El número 
esperado de hospitalizaciones tras la PCV7 se calculó en base al 
número de hospitalizaciones observado antes de la introducción 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 expresó como el 
número de hospitalizaciones por millón (106) de años-persona. Para 
calcular el número de años-persona en cada periodo, se utilizó la 
población de niños entre 0 y 19 años en Australia desde 1998 hasta 
2004 y desde 2005 hasta 2010, de acuerdo con las informaciones de la 
Oficina de Estadística Australiana.

Resultados En los cinco años siguientes a la introducción de la PCV7, las 
hospitalizaciones por neumonía fueron inferiores a lo esperado (15 304 
menos; intervalo de confianza del 95%, IC: 14 646–15 960; DTI: −552 por 
106 años–persona; IC del 95%: −576 hasta −529 por 106 años–persona; 
PTI: 0,78; IC del 95%: 0,77–0,78). Por el contrario, las hospitalizaciones por 
empiema fueron más numerosas de lo esperado (83 más; IC del 95%: 
37–128; DTI: 3 por 106 años–persona; IC del 95%: 1–5 por 106 años–
persona; PTI: 1,35; IC del 95%: 1,14-1,59). Se observó una disminución 
de las hospitalizaciones para todos los códigos CIE-10 de neumonía 
en todos los grupos de edades. El aumento de las hospitalizaciones 
por empiema fue significativo únicamente entre los niños con edades 
comprendidas entre uno y cuatro años.
Conclusión La introducción de la PCV7 en Australia estuvo asociada con 
un descenso notable en las hospitalizaciones por neumonía infantil, así 
como con un pequeño 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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