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Summary The burden of pneumonia in Australian children is significant with an
incidence of 5–8 per 1000 person-years. Pneumonia is a major cause of hospital
admission in children less than 5 years of age. Indigenous children are at particular risk
with a 10–20-fold higher risk of hospitalisation compared to non-Indigenous children.
They also have longer admissions and are more likely to have multiple admissions with
pneumonia. There are limited data on pathogen-specific causes of pneumonia, however
Streptococcus pneumonia is the most common bacterial cause in children under 5 years of
age and respiratory syncytial virus (RSV) and influenza are the predominant viral causes in
young children. Pneumonia due to Haemophilus influenza type b (Hib) has been virtually
eliminated by the introduction of universal Hib immunisation. Further studies are needed
to accurately define the epidemiology of pneumonia due to specific pathogens to help
target treatment and immunisation strategies.
� 2005 Elsevier Ltd. All rights reserved.
INTRODUCTION AND
DEMOGRAPHICS

The burden of respiratory and other infections in Australian
children reflects the demography of the population, the
variations in climate, patterns of migration and the proxi-
mity of countries from which less common pathogens may
be imported. Australia is relatively unique amongst devel-
oped industrialised nations: it is comparatively sparsely
populated, with the majority of the population concen-
trated around the southern and eastern seaboard. The total
Australian population is approximately 20.2 million,1 pre-
dominantly urban and the majority descended from the
European migration in the last 200 years. Indigenous Aus-
tralians (Aboriginal Australians and Torres Strait Islanders)
18 9340 8606;
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have inhabited the continent for at least 4000 years and
comprise �2.5% of the total population.1 The majority of
Indigenous Australians live in deprived socio-economic
circumstances, often in remote rural locations. Indigenous
Australians have some of the worst health indicators in the
industrialised world.2 They bear a disproportionate burden
of infectious diseases in childhood – and pneumonia is no
exception.

Australia has a large migrant population with over 4.5
million individuals born overseas, equivalent to almost one
quarter of the population.1

The majority of migrants are from other industrialised
nations and the epidemiology of infectious diseases in these
migrants is likely to be similar to that in non-Indigenous
Australians. In addition, Australia currently accepts �12000
refugees under a humanitarian program and many more
from refugee-like backgrounds under family reunification
programs.3 The epidemiology of respiratory infections in
this population is related to the country of origin or transit,
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previous limited access to adequate health care and the
potentially poor vaccination coverage in refugee children.4

The climate of Australia ranges from temperate in the
south to large areas of desert in the interior and tropical
conditions in the north. The epidemiology of childhood
respiratory infections partly reflects these differences, with
familiar pathogens occurring frequently throughout the
country, but with high incidences of bacterial pneumonia
amongst Indigenous Australians and less familiar pathogens,
such as meliodosis, occurring in the Northern Territory.
The close proximity to South-east Asia has led to concern
(to date largely unfulfilled) of the potential spread to
Australia of ‘new’ respiratory diseases, such as Avian Influ-
enza and Severe Acute Respiratory Syndrome (SARS).5

THE OVERALL BURDEN OF
PNEUMONIA IN AUSTRALIAN
CHILDREN

As in other industrialised nations, there has been a sub-
stantial decline in infectious disease mortality in Australia
throughout the twentieth century. In 1907 the mortality
rate across all ages from all infectious diseases was 258.9
per 100000 population; 90 years later it was 7.2 per
100000.6 Similar trends are evident in children and are
attributed to improvements in sanitation, vaccination and
the introduction of antibiotics. In 1996 communicable
diseases accounted for 3% of the total disease burden in
Australia.6 However, in children infections contribute sig-
nificantly more to the burden of childhood diseases,
although there are no national data. Respiratory infections
have also declined substantially over the same time period.6

Australia (particularly in Western Australia) has an
impressive resource of linked health-related databases,
which provide detailed data on the overall epidemiology
of children hospitalised with pneumonia. Clearly any data
relating to the aetiology of pneumonia should be inter-
preted with a certain degree of caution, as the discharge
diagnosis of pneumonia is usually made on clinical and/or
radiological grounds, without microbiological confirmation
of the aetiology.7 Much of the Australian epidemiological
data spans a period where rapid diagnosis of respiratory
Table 1 Age-specific hospital admissions for pneumonia in children in Western Australia 1988–
1993.

Age Indigenous Non-Indigenous

Admissions Ratea Admissions Ratea RR (95% CI)b

Infants (<1 year) 573 6189 324 223 27.7 (24.2–31.8)
1–4 years 1194 3812 1052 184 20.7 (19.1–22.5)
5–14 years 406 667 744 52 12.8 (11.4–14.5)
15–24 years 401 691 446 29 23.8 (20.8–27.3)

Data from Williams et al. (1997).9
a Rate per 100 000 person-years.
b RR (relative rate) is the ratio of the Indigenous to non-Indigenous rate. 95% CI is the 95%
confidence interval for the relative rate.
viral pathogens was not available and diagnostic labels such
as ‘bronchitis’ were more commonly applied than they are
currently. However these studies provide useful insights
into the overall burden of pneumonia in Australian children.

In a study of all Western Australian live births in 1986,
5% of non-Indigenous and 17% of Indigenous children were
admitted to hospital with a diagnosis of pneumonia in the
first two years of life.8 Of the Indigenous children, 11% had
repeated admissions with pneumonia. For all children, low
or high birth weight, male sex and measures of social
disadvantage (young or unmarried mothers or rural loca-
tion) were significant risk factors for admission.8

Between 1988 and 1993 in Western Australia, there
were 53311 admissions to hospital with respiratory dis-
eases in children aged up to 14 years, of which 4293 (8.1%)
were for pneumonia (Table 1).9 Pneumonia was second
only to asthma as the most frequent admission diagnosis in
children beyond one year of age. In Indigenous children, the
rate of pneumonia was 10–20 times higher than non-
Indigenous children (Table 1).9

More recent and partially overlapping data from Wes-
tern Australia have examined the burden of childhood
pneumonia in the first two years of life in all children
born between 1990 and 2000 (K. Carville, D. Lehmann,
R. Richmond, N. De Klerk and D. Burgner, unpublished
results). In this cohort of 270068 singleton live births
(17366 Indigenous births, 252702 non-Indigenous births),
pneumonia accounted for 4518 hospital admissions,
equivalent to 5.8% of all admissions with an infectious
diagnosis. Almost half of admissions with pneumonia in
the first two years of life were in Indigenous children, in
whom pneumonia accounted for 12.2% of all infectious
diagnoses. Not only was pneumonia far more common in
Indigenous children (Fig. 1), these children were three times
more likely than non-Indigenous children to have multiple
admissions with this diagnosis. Indigenous children with
pneumonia also had a longer hospital stay than non-Indi-
genous children, possibly reflecting more severe disease
and logistic difficulties with returning families to their
remote locations.

A retrospective study from suburban Sydney assessed
the incidence and risk factors for all-cause pneumonia in
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Figure 1 Rate of hospital admission with pneumonia from birth to 2 years in Western Australian children from 1990–2000. Data from
K. Carville, D. Lehmann, R. Richmond, N. De Klerk and D. Burgner (unpublished results).
over 2000 children aged 5–14 years by parental interview.
In this predominantly non-Indigenous population the esti-
mated incidence of pneumonia was 7.6 per 1000 person-
years. This is comparable to the rate of 5.2 per 1000
person-years reported in non-Indigenous children of the
same age in Western Australia. In the former study over
90% of children received antibiotic therapy and 41% were
hospitalised. There appeared to be an association with a
preceding diagnosis of asthma and increased risk of pneu-
monia.
PNEUMONIA DUE TO SPECIFIC
PATHOGENS

With some notable exceptions, there is a lack of data on
the epidemiology of pneumonia due to specific pathogens
in Australian children. However, given the ethnic make-up
of the Australian population, the climate and clinical experi-
ence, cautious generalisation of data from other countries is
possible. There is increasing awareness that mixed infec-
tions, with more than one pathogen, may be important in
the aetiology of childhood pneumonia,10 although this has
not been investigated in Australia.
Bacterial pathogens

Neonatal pneumonia – Streptococcus agalactiae

As in other industrialised countries, group B streptococcus
(GBS) is the leading cause of early-onset neonatal infec-
tion.11 Pneumonia is the principal clinical manifestation, in
contrast to late-onset GBS infection, when meningitis pre-
dominates.12 The incidence of early-onset GBS infection
has fallen from 2 per 1000 live births in non-Indigenous
Australians in 1991–1993, to 0.5 per 1000 in 1995–1997.11

The burden of early-onset GBS disease in Indigenous
neonates was 2–3 times higher and also showed a similar
decline.11 The fall in the incidence of GBS is due to the
increasing introduction of universal screening late in the
third trimester and widespread antibiotic prophylaxis, in
accordance with international guidelines.13 Interestingly,
although only 40% of neonatal GBS occurs in preterm
infants, they carry about 80% of the mortality14 and will not
benefit from the screening that occurs in the last few weeks
of the third trimester.
Streptococcus pneumoniae

The pneumococcus is recognised as the most common
bacterial cause of community-acquired pneumonia in chil-
dren, responsible for approximately one third of cases.15,16

Exact estimates of the burden of disease are hampered by
lack of sensitive and specific diagnostic methods in children
who have negative blood cultures.17 The highest incidence
of pneumococcal pneumonia is common in children under
5 years of age although a significant proportion of cases
occur in older children. In Australia, the majority of data
relates to pneumococcal pneumonia with bacteraemia in
children from the National enhanced invasive pneumococ-
cal disease (IPD) surveillance program.18 The incidence of
bacteraemic pneumococcal pneumonia (BPP) in children
under 5 years of age in 2001 prior to the widespread
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introduction of pneumococcal conjugate vaccine (PCV) was
17.4 per 100000 population, representing 37% of cases of
IPD in this age group.18 The proportion of IPD associated
with pneumonia in Indigenous children was much higher
(72%) compared to non-indigenous children (31%). The
overall incidence of BPP in Indigenous children was approxi-
mately 15-fold higher than in non-indigenous children under
5 years of age. The serotypes responsible for IPD were more
varied in Indigenous children, with approximately 55% being
due to the seven serotypes in the licensed pneumococcal
conjugate vaccine (PrevnarTM) compared to 86% in non-
Indigenous children under 2 years of age. BPP figures clearly
underestimate the true burden of pneumococcal pneumo-
nia. In undertaking a cost-effectiveness analysis of PCV in
Australian children, Butler and colleagues estimated the
incidence of moderate or severe pneumococcal pneumonia
to be 100 per 100000 persons in children under 5 years.19

Vaccine efficacy studies also provide an estimate of the
burden of disease. In the PCV efficacy study in northern
California, the incidence of chest X-ray proven pneumonia
was reduced by 17.7% (95% confidence interval (CI) = 4.8–
28.9%) in the intention to treat analysis20 and a similar level of
efficacy was seen in a study of 9-valent PCV in South Africa
(25% in HIV negative children).21 The impact of universal
PCV in both Indigenous and non-Indigenous Australian
children is awaited with interest.

Haemophilus influenzae

The burden of pneumonia due to Haemophilus influenzae in
Australia has not been well defined. The majority of data
relates to bacteraemic pneumonia due to Haemophilus
influenzae type b (Hib) in the prevaccination era. Hib
pneumonia represented 4–8% of invasive Hib disease in
non-Indigenous children in southeastern Australia22,23 but
up to 40% of invasive Hib disease in Indigenous children
from the Northern Territory.24 The age of onset of bac-
teraemic pneumonia was much earlier in Indigenous chil-
dren (majority <12 months of age). The epidemiology of
bacteraemic Hib pneumonia in Indigenous children is simi-
lar to that in developing countries25 suggesting that Hib was
responsible for approximately 20% of severe pneumonia in
Indigenous children prior to Hib vaccination. Following the
introduction of conjugate Hib vaccines, the incidence of
bacteraemic Hib pneumonia has dramatically decreased in
both populations.26

Mycoplasma pneumoniae and Chlamydia pneumoniae

There are few specific Australian data relating to the
burden of M. pneumoniae respiratory infection in children.
Studies from European countries indicate that this patho-
gen may be responsible for almost one-third of childhood
admissions with pneumonia in Finland27 but is much less
commonly identified in the UK28 and the USA.16 Anecdo-
tally M. pneumoniae is thought to be one of the commonest
causes of pneumonia in school-age Australian children and
empiric macrolide antibiotics are widely used in this setting,
but this is not evidence-based. Interestingly, an Australian
study suggested that asymptomatic carriage of M. pneumo-
niae is widespread in children admitted to hospital with
non-pneumonic diagnoses,29 although whether there is
significant nosocomial transmission is unknown.

Similarly, there are no specific studies of C. pneumoniae
in Australian children. European data suggest this pathogen
may be an important cause of pneumonia, especially in
children >10 years.30 A small study of pneumonia in both
adults and children from Northern Australia failed to
identify C. pneumoniae.31 It is likely that this pathogen is
underestimated as a cause of pneumonia in Australian
children.

Staphylococcus aureus

This is an important cause of severe pneumonia, particularly
in Indigenous children. In one study, from Western Aus-
tralia, 69 cases were admitted over a 20 year period, with a
decreasing but significant mortality over the study period.32

There is an increasing prevalence of methicillin-resistant S.
aureus (MRSA: both ‘local’ strains and ‘imported’ multi-
resistant strains), particularly in Indigenous children,33,34

which has clear implications for antibiotic therapy for this
pathogen.

Mycobacterium tuberculosis

Although tuberculosis (TB) is the world’s most prevalent
infectious disease, Australia has continued to have one of
the world’s lowest rates.35 The majority of TB disease
occurs in migrants and less commonly in Indigenous Aus-
tralians and is predominantly a disease of the aged.36 TB is
reported in few Australian children but this is likely to
represent a gross under-estimate, given the extreme diffi-
culties in confirming the diagnosis microbiologically in
paediatric patients.37 The prevalence of latent TB, as
measured by positive Mantoux reactivity, is high, especially
in migrants from countries where TB is endemic. In a study
of 12–14 year-old Sydney children, 2% of the Australian-
born and 27% of the overseas-born children had a positive
Mantoux test.38 The risk of developing TB disease following
latent infection may be extremely high in early childhood39

and remains significant through later childhood and adult-
hood.40 Active identification of latent TB in recent migrants
to Australia, especially in children, although not universally
performed, would seem prudent.39,41

Other bacterial pathogens

Streptococcus pyogenes

This is a prevalent pathogen in Indigenous children from
Northern Australia, who have some of the highest rates of
rheumatic fever in the world.42,43 Streptococcus pyogenes
may, therefore, represent a more common cause of pneu-
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monia in this population than appreciated, although there
are no epidemiological studies of its role in pneumonia.

Burkholderia pseudomallei

Melioidosis is an important pathogen in South-east Asia and
Northern Australia.44 In the Northern Territory the inci-
dence is 5.8 per 100000 population, increasing to 25.5 per
100000 in Indigenous Australians.45 It causes pneumonia
and septicaemia, together with abscesses in a variety of
organs, including the lungs.44 Most infections occur in those
with predisposing risk factors, such as diabetes,44 but it is
reported in children from tropical Northern Australia.46
Viral pathogens

The epidemiology of the major paediatric respiratory
viruses is generally similar in Australian children to that
observed in Europe and the USA.
Respiratory syncytial virus

In industrialised nations, respiratory syncytial virus (RSV) is
the predominant cause of viral lower respiratory tract
infection in infancy.47 Studies48,49 and clinical experience
suggest that the same is true in Australia. The primary
pathology is bronchiolitis, rather than pneumonia. RSV infec-
tion is associated with considerable morbidity and mortality,
especially in high-risk groups.47 The epidemiology of RSV
appears to be related to meteorological conditions in Aus-
tralia49 and in neighbouring South-east Asian countries.50
Influenza

Influenza is an important cause of lower respiratory tract
infection in Australian children, although precise data
regarding the size of the problem are lacking. Retrospective
data suggest that the pattern of epidemics do not neces-
sarily correlate closely with European and USA epidemiol-
ogy.51 Australia is part of the WHO global influenza
surveillance network (FluNet: http://rhone.b3e.jussieu.fr/
flunet/www/), which tracks influenza activity from active
reporting from sentinel general practices and publishes
regular local and national updates.52,53 A recent London
study indicated that influenza A caused one-third of viral
community-acquired pneumonia and 16% of all commu-
nity-acquired pneumonia.54 An Australian paediatric study
suggested that influenza is also an important cause of
hospital admission and morbidity and that influenza A
affected younger children, whereas influenza B tended to
affect those with underlying medical problems.55
‘New’ viral infections – severe acute respiratory
syndrome (SARS) and avian influenza

The proximity of Australia to the epicentres of newly
recognised viral infections (severe acute respiratory syn-
drome (SARS) and avian influenza), has created consider-
able concern that these infections may become major
public health issues in Australia.

SARS is a newly described coronavirus infection, with a
high mortality rate.56 Active SARS surveillance has been
undertaken in Australia since 2003. Of the 138 individuals
in Australia investigated during this period, 111 had
‘suspect’ and 27 ‘probable’ infection; five of the latter
group were reported to the WHO as likely cases, after
other diagnoses were excluded.5 None of these were
children, but given the significant paediatric morbidity
reported from neighbouring countries,57 there is the
potential for SARS becoming a significant paediatric infec-
tion in Australia.

Avian influenza, a viral infection spread from infected
birds and poultry, has caused significant morbidity and
mortality in Asian countries.58 To date no human cases
have been reported in Australia but there is considerable
potential risk through migration and, to a lesser extent,
through adoption of children from overseas.59
CONCLUSIONS AND SUGGESTIONS
FOR FUTURE RESEARCH

Pneumonia is a common disease in Australian children and
a frequent cause of admission to hospital. Whilst Australian
children suffer from a range of pathogens similar to those
experienced by children in industrialised countries in the
Northern Hemisphere, there are several important caveats.
In tropical Australia, unusual pathogens are encountered
and there is the additional risk posed by imported respira-
tory infections from neighbouring countries. Indigenous
Australians bear a hugely disproportionate burden of many
diseases and have a much higher incidence of pneumonia
compared to non-Indigenous children. The introduction of
conjugate Hib vaccines decreased the burden of Hib
pneumonia in both Indigenous and non-Indigenous children
highlighting the importance of vaccination in reducing the
burden of pneumonia.

The important issues in reducing the burden of pneu-
monia in Australia relate to (1) the impact of newly
introduced vaccines, such as the conjugate pneumococcal
vaccine, (2) the development of novel vaccines and thera-
pies, especially against common viral pathogens and (3)
understanding the causal pathways (and in particular the
gene – environment interactions) that underlie the differ-
ential severity of essentially ubiquitous pathogens. Australia
has an impressive epidemiological infrastructure and sur-
veillance networks that will be crucial in addressing these
key questions.
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