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under 2 years.1-4 The 2003–2004 influenza
season in the northern hemisphere had par-
ticularly high mortality. In the United States,
153 children died from influenza-associated
illness (0.21 deaths per 100 000). Most were
aged under 5 years, and 40% were under 2
years, while 47% of those who died were
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ABSTRACT

Objective:  To describe the influenza-related morbidity and mortality in healthy children 
aged under 5 years in South Australia, in order to further understand the potential role 
of influenza vaccination.
Design and setting:  We undertook a descriptive analysis of SA hospital separations 
data and Australian Bureau of Statistics death data for children aged under 5 years 
admitted to hospital for influenza. All diagnoses related to an influenza admission were 
examined to determine whether children were at risk of complications from influenza, 

rding to the criteria of the National Health and Medical Research Council.
 outcome measures:  Mean influenza admission rates per 100 000 population per 
in children aged under 5 years between 1996 and 2006, and the proportion of 
ren admitted to hospital who did not have a secondary diagnosis putting them 
her risk of influenza-related complications.

lts:  From 1996 to 2006, 649 children aged under 5 years were admitted to hospital 
fluenza. Mean annual admission rates per 100 000 were highest in children aged 

under 1 year (151.0), and decreased with age. Aboriginal and Torres Strait Islander 
children aged under 5 years had a mean admission rate of 161.8 per 100 000. Most 
children under 5 years (81%) admitted to hospital did not have an underlying illness 
that would put them at risk of influenza-related morbidity.
Conclusion:  Healthy children aged under 2 years and Aboriginal and Torres Strait 
Islander children under 5 years old have high rates of hospital admission, which may 
have implications for the target group recommendations for influenza immunisation. 
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Currently, vaccination is recommended only for children with specified chronic diseases.
n 
ren
risI
 Australia, influenza vaccination is cur-

tly recommended for people at high
k of complications from influenza

infection. Among children aged older than 6
months, only those who have specified
chronic diseases are considered at risk (Box 1).
In Australia and internationally, evidence
has been mounting of high morbidity and
mortality from influenza in children aged

children who had previously been healthy.5

A similar picture emerged from a New
South Wales study in 2003 that examined
paediatric intensive care admissions involv-
ing influenza A infections.6 There were 22
admissions, three resulting in death, and 16
of the admitted children were younger than
4 years. Over 80% of patients, and two of
the three who died, did not belong to the
specific high-risk groups currently recom-
mended for annual influenza vaccination by
the National Health and Medical Research
Council (NHMRC).7

The aim of this study was to describe
influenza-associated morbidity and mortal-
ity in healthy children under 5 years of age
in South Australia between 1996 and 2006,
as part of considering an expanded role for
influenza vaccination in young children in
Australia. The study focused on influenza-
related hospitalisation, which represents the
severe end of the clinical spectrum and is in
itself a significant complication of influenza
infection.

METHODS

A descriptive analysis of SA hospital separa-
tions data and Australian Bureau of Statistics
(ABS) death data for children aged under 5
years was undertaken from the Communica-
ble Disease Control Branch of the SA Health
Department. Ethics approval was granted by
the Department’s Human Research Ethics
Committee.

The Integrated South Australian Activity
Collection (ISAAC) database, which records
all admissions to public and private hospi-
tals, was examined to ascertain influenza-
associated admissions and mortality in chil-

dren aged under 5 years in SA from 1996 to
2006.

The International classification of dis-
eases, 10th revision (ICD-10) codes J10
(identified influenza virus) and J11 (influ-
enza, virus not identified) were used to
identify influenza-related admissions, as
both primary and secondary diagnoses.
Average rates of hospitalisation per 100 000
children from ABS census data over 11 years
were calculated.

Repeat admissions to hospital in the same
influenza season could only be detected if a
child was admitted to the same hospital
more than once under the same hospital
identification code. As it is likely that some
children were transferred between different
hospitals in the same admission, we were
unable to account for all potential double
counting of admissions. We identified 22
readmissions to hospital within the same
season, and one child was admitted three
times (23 readmissions). Where a duplica-
tion was dropped for the analysis, the sec-
ond admission was removed.

All hospital separation codes, for primary
and secondary diagnoses, were examined

individually for each child with an influenza
diagnosis to determine any pre-existing
chronic disease. The NHMRC criteria for
children at high risk of complications from
influenza infections that were current at the
time7 were used to determine the proportion
of children who would have been recom-
mended for the influenza vaccine (Box 1).

Hospital admission data on Aboriginal
and Torres Strait Islander children were

1 National Health and Medical 
Research Council criteria for high 
risk of influenza complications in 
children older than 6 months*

• Chronic suppurative lung disease

• Chronic cardiac conditions

• Chronic conditions requiring regular 
medical follow-up or hospitalisation in 
preceding year (eg, chronic renal failure, 
diabetes, immunocompromised)

• Severe asthma

• Immune deficiency

* Based on The Australian immunisation handbook 
(8th ed, 2003).7 ◆
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examined separately because of reports of
higher morbidity from influenza infections
in Indigenous children.8 The data were
aggregated across the ages 0 to 4 years
because of the small numbers of children
involved.

All “nature of separation” codes that
included death, from the ISAAC data and
ABS mortality data, were examined to iden-
tify any deaths related to influenza in chil-
dren younger than 5 years.

The population data for SA were taken
from the ABS census, by using annual esti-
mates by age per year. Population data for
Aboriginal and Torres Strait Islander chil-
dren were taken from the census years only,
with the midpoint between the census years
used as a cut-off.

An audit of a random sample of case notes
from three large Adelaide metropolitan hos-
pitals with paediatric units was undertaken
to check the accuracy of the ISAAC database

for this study. Random case notes were
selected by using the Stata, version 9 (Stata-
Corp, College Station, Tex, USA) random-
sample generation function. The sampled
hospitals are sites for 68% of all influenza-
related admissions for children under 5
years. The case notes of 160 admissions
(24.7% of all admissions) were audited,
with the sample stratified across the differ-
ent hospitals according to the proportion of
influenza-related admissions by hospital.
The case notes were reviewed to ascertain
the accuracy of the influenza diagnosis (by
review of all laboratory results) and whether
the admitted child had pre-existing ill-
nesses, as described by the NHMRC (Box 1),
that would put them at higher risk of influ-
enza infection. The case note results were
compared with the results from the ISAAC
database. Errors in the diagnosis codes that
resulted in an incorrect coding of influenza
or a wrong categorisation as high or low risk

for influenza-related complications were
recorded. Data were analysed with Stata,
version 9.

RESULTS
There were 649 admissions over the 11
years, including 23 readmissions in the
same influenza season to the same hospital.
Children aged under 2 years made up 72%
and children under 6 months, 24.8% of all
children under 5 admitted to hospital. More
boys were admitted than girls (55.8%),
although this difference was not statistically
significant.

The mean annual admission rates per
100 000 children were highest in children
aged under 1 year and decreased with age
(Box 2). The overall mean annual admission
rate was 62.5 per 100 000.

Examination of other diagnoses apart
from the influenza diagnosis found that
most children younger than 5 years admit-
ted to hospital did not have an underlying
illness that would put them at increased risk
of influenza-related complications according
to NHMRC criteria. The percentage of chil-
dren at low risk differed slightly across the
age groups, and was highest in infants aged
6–11 months (Box 2).

Aboriginal and Torres Strait Islander chil-
dren made up about 10% of all admissions
every year and had a mean admission rate of
161.8 per 100 000 of the population of
Aboriginal and Torres Strait Islander chil-
dren younger than 5 years (Box 3).

The median duration of stay in hospital,
including intensive care unit (ICU) admis-
sions and readmissions, was 2.5 days (5th to
95th percentile, 13 hours to 8 days, 21
hours). The number of bed-days was 2253.5
over the 11 years.

There were 45 admissions to ICUs over
the 11 years, 20 of which required mechani-
cal ventilation (44%), with a median ventila-
tion time of 193.5 hours (Box 4). Of these
children, 76% were aged under 2 years and
36% under 6 months. Almost half (47%)
did not meet the NHMRC criteria for high
risk of influenza complications.

There were four identified influenza-
related deaths over the 11-year period in
children under 5 years old. Three children
died after admission to an ICU with influ-
enza as a secondary diagnosis. All three had
serious comorbidities and were younger than
8 months. No information on the comorbid-
ities of the fourth child was available.

The ICD-10 codes J10 and J11 correctly
identified influenza, as evidenced by a posi-
tive influenza culture or polymerase chain

2 Admissions to hospital for influenza in children aged under 5 years in South 
Australia, 1996–2006, and number considered at low risk of complications

Annual rate per 100 000

No. at low risk (%)*Age No. Mean Range

0–5 months 160
151.0 11.6–289.0

128 (80%)

6–11 months 138 119 (86%)

1 year 152 76.1 5.8–198.5 121 (80%)

2 years 90 44.3 0–123.2 72 (80%)

3 years 49 23.8 5.4–60.4 40 (82%)

4 years 37 17.4 0–50.9 29 (78%)

All 626† 62.5 0–289.0 509 (81%)

* According to National Health and Medical Research Council guidelines for risk of influenza-related 
complications. † Duplicate admissions in the same season removed. ◆

3 Annual rate of admission to hospital for influenza in children aged under 
5 years in South Australia, 1996–2006, by Indigenous status
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reaction test noted in 140 of the 169 records
audited (82.8%). The audit showed that
influenza diagnoses had been overcounted
by the ISAAC database by 17.2%. Parainflu-
enza infection was incorrectly coded as
influenza in 23 cases. The proportion of
cases that were categorised as high risk from
both the primary and secondary diagnoses
in the audit was 25.4%, as opposed to the
21.3% in the analysis that used ISAAC data.
There was no significant difference in the
proportion of cases that would be catego-
rised as high risk in true influenza cases
compared with non-influenza cases.

DISCUSSION
In SA, between 1996 and 2006, the mean
rate per year of influenza-associated admis-
sions to hospital for children aged under 5
years was 62.5 per 100 000. Rates were
highest among children aged under 2 years
and Aboriginal and Torres Strait Islander
children under 5 years. Deaths occurred
rarely and were in the setting of pre-
existing significant comorbidities. As such,
the NHMRC criteria for children consid-
ered to be at high risk of influenza compli-
cations could be expanded to include
healthy children aged under 2 years and
Aboriginal and Torres Strait Islander chil-
dren under 5 years.

The overall admission rates in this study
are consistent with similar studies reported
elsewhere. Over the years 2000 to 2002, a
national Australian study found an average
admission rate of 49.5 per 100 000 chil-
dren in the 0–4-years age group, and 26
per 100 000 in adults older than 60 years.8

Rates in older adults ranged from 15 per

100 000 in those aged 60–64 years to 52
per 100 000 in those older than 85 years.8

Our study found a slightly higher rate of
hospitalisation in children younger than 5
years, as it included secondary diagnoses,
as well as data over 11 years that included
years that had particularly high incidences
of influenza infection.

Very high rates of hospital admission in
Aboriginal and Torres Strait Islander chil-
dren have been reported. A national admis-
sion rate of 127.3 per 100 000 in 0–4-year-
olds in 2000–2002 has been reported.9

Our study found a slightly higher admis-
sion rate of 161.8 per 100 000, on average,
for children aged 0–4 years over the 11
years of the study. The numbers are small,
so this analysis should be repeated with
national data over a longer period for better
understanding of this potentially highly
significant, inequitable disease burden.

The limitations of hospital separations
data for research should be noted. The
overcounting of influenza diagnoses is con-
trasted with published evidence of an
undercount in hospital discharge diagnoses
of influenza due to non-diagnosis: a US
study found that the hospital data underes-
timated actual influenza-related hospitali-
sations by 35%.10 It is therefore difficult to
determine the true influenza-associated
admission rate in children, although figures
18% less than were found in this study
would still constitute a high admission
rate. The audit also found that using sec-
ondary diagnoses to determine whether a
child had a pre-existing illness was a rea-
sonably accurate method, with ISAAC data
being inaccurate in only 4.1% of cases. As

such, although there is some uncertainty in
the exact admission rate, the results suggest
that healthy children under 2 are a high-
risk group for influenza complications.

Children admitted to more than one
hospital with a diagnosis of influenza
would have been counted as distinct
admissions, which would potentially over-
estimate the burden of illness. The study
was, however, able to control for this
within the same hospital, and over the 11
years, this occurred infrequently. The pro-
portion of admissions related to nosoco-
mial influenza infections was not able to be
determined, which may have overestimated
community-acquired infections.11 In addi-
tion, there was no information on the
vaccination history of the admitted chil-
dren, although it is thought that the rate of
vaccination in Australian children is likely
to be very low.12

CONCLUSION

Healthy children younger than 2 years and
Aboriginal and Torres Strait Islander chil-
dren younger than 5 years in SA have had a
high burden of illness from influenza, with
hospitalisation rates that exceed those in
older adults. This may have implications
for the target group recommendations for
influenza immunisation. However, an
assessment of the efficacy, feasibility, safety
and cost-effectiveness of vaccination in the
Australian context would be required to
support an expansion of the influenza
immunisation program target groups to
include those groups identified in this
study.12,13
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4 Number of admissions to hospital intensive care units (ICUs) for influenza in 
children aged under 5 years in South Australia, 1996–2006
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