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Key Points

1 Children under the age of 1 year had the highest admissions
and emergency room presentations for bronchiolitis whereas
those aged 1–2 years had the highest admissions and emer-
gency room presentations for asthma, croup, other respiratory
conditions and diarrhoea.

2 There is strong seasonal variation in diarrhoea and respiratory
paediatric hospital admissions and emergency room
presentations.

3 Boys showed higher rates of admissions and emergency room
presentations for asthma, croup, bronchiolitis and other respi-
ratory conditions compared with girls.
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Aim: To examine seasonal variation in hospital use for five paediatric conditions of the Australian Capital Territory residents.
Methods: Hospital admissions (1993–2004) and emergency room (ER) presentations (1999–2004) for asthma, croup, bronchiolitis, other
respiratory conditions and diarrhoea of children aged <5 years were compared by month and season.
Results: The five conditions comprised 14% of admissions and 24% of ER presentations of children aged <5 years. Bronchiolitis (both admis-
sions and ER presentations) were the highest in the 0–1 year age group (>80%) and the other four conditions peaked at 1–2 years. Children
aged 0–2 years contributed 66% of diarrhoea, 62% of croup and 44% of other respiratory admissions whereas ER presentations were higher for
other respiratory conditions (57%) and lower for croup (47%). Boys showed higher rates of admissions and ER presentations for all conditions
except diarrhoea. Strong seasonal associations were apparent. Incident rate ratios of admissions were significantly higher in autumn compared
with summer for asthma and croup whereas bronchiolitis and other respiratory conditions admissions were the highest in winter. Diarrhoea
admissions were the highest in spring. ER presentations of the five conditions also showed similar associations with season.
Conclusion: Hospital admissions and ER presentations of these five conditions showed strong seasonal patterns, knowledge of which could
contribute to improved resource planning (staffing) to meet expected increases in demand for services and scheduling of elective admissions.
These findings could be extended to develop a model for forecasting hospital use and to explore the causes of these diseases to ameliorate
seasonal effects.
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diarrhoeal disease.2 During winter there is an increased inci-
dence of influenza in Australia particularly in children under
the age of 5 years.6 Childhood asthma also shows a seasonal
variation for hospital emergency department attendances.7

Seasonal variation can assist in identifying potentially pre-
ventable determinants of these diseases. The excess number of
presentations and admissions in certain seasons establishes the
proportion of the burden of disease that might be preventable.
Seasonal patterns of paediatric admissions have not been quan-
tified in an Australian setting. The Australian Capital Territory
(ACT) is known for its cold winters and hot dry summers,
making it an excellent candidate in which to examine such
seasonality. The objective of this paper is to describe, for chil-
dren under 5 years, seasonal variation in hospital admissions
and emergency room (ER) presentations by age and sex for
asthma, croup, bronchiolitis, other respiratory conditions and
diarrhoea in the ACT. This study also estimates the risks of
increase in admissions and ER presentations from low to high
seasons, providing information for scheduling services for dis-
eases influenced by seasonal changes.

Methods

This is a population-based study of children under the age of
5 years who were residents of the ACT and hospitalised in The
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Seasonal variation in mortality and acute hospital use in coun-
tries with temperate climates is particularly prominent in very
young children (aged <2 years),1–4 and the elderly.5 Such varia-
tion in hospital admissions has previously been observed for
influenza, respiratory syncytial virus (RSV),1 pneumonia3 and
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Canberra Hospital between January 1993 and December 2004
or who presented to the ER at either The Canberra Hospital or
Calvary Hospital between January 1999 and December 2004
with diagnoses of asthma, croup, bronchiolitis, other respiratory
conditions and diarrhoea. ‘Other respiratory conditions’ include
the following conditions: influenza, pneumonia, acute upper
respiratory infections (acute sinusitis, acute pharyngitis, acute
tonsillitis, acute tracheitis, other unspecified conditions of upper
respiratory tract, acute bronchitis and bronchiolitis) and other
diseases of upper respiratory tract (allergic rhinitis, chronic
sinusitis, chronic tonsillitis, peritonsillar abscess, chronic laryn-
gitis and disease of vocal cords).

Re-admissions were not excluded and hospital admissions
following an initial ER presentation were not linked in this
study. Data for the study period were provided by the Informa-
tion Management Unit of ACT Health and were grouped in
disease categories according to International Classification of
Diseases, 9th Revision and 10th Revision. Ethical approval for
this study was obtained from the Australian National University
Human Research Ethics Committee.

Analysis

The number of admissions and ER presentations by disease for
each age group were calculated. Age- and sex-specific rates of
admissions (1993–2004) and ER presentations (1999–2004) per
1000 population of children under 5 years of age for each dis-
ease condition were compared over the study period for years
with complete data. The ACT population was interpolated for
each year from the Estimated Resident Populations by Age and
Sex for 1991, 1996, 2001, and estimated for 2002–2004. To
display seasonal patterns, the 12 years of admission data and
6 years of ER presentations were aggregated into monthly totals
for each disease category and were plotted.

To determine if certain seasons were associated with higher
risks of hospitalisations and ER presentations, incident rate
ratios (IRR) and 95% confidence intervals (CIs) were calculated
using a negative binomial regression model with summer as the
reference group for each disease category. The months used for
each season were: winter: June–August, spring: September–

November, summer: December–February and autumn: March–
May.

Results

There were a total of 787 388 admissions of the ACT residents
to The Canberra Hospital between January 1993 and December
2004, 11% (n = 87 371) of which were for children under the
age of 5 years. Of these, 14.2% (n = 12 414) were for the
following five conditions: other respiratory conditions, 5.1%
(n = 4466); diarrhoea, 3.6% (n = 3147); asthma, 2.5% (n =
2173); bronchiolitis, 1.9% (n = 1641); and croup, 1.1%
(n = 987).

There were a total of 484 735 ER presentations of the ACT
residents to Canberra hospitals between January 1999 and
December 2004, 12% (n = 58 700) of which were for children
under the age of 5 years. Of these, 24.4% were for the following
five conditions: other respiratory conditions, 9.3% (n = 5416);
diarrhoea, 5.2% (n = 3047); croup, 4.2% (n = 2466); asthma,
3.4% (n = 2003); and bronchiolitis, 2.3% (n = 1362).

Age distribution of admissions and ER 
presentations

Admissions and ER presentations for bronchiolitis peaked in the
0–1 year age group whereas the other four conditions peaked
at 1–2 years and then declined (Fig. 1). Of hospital admissions,
66% of diarrhoea, 62% of croup, 44% of other respiratory
conditions and 39% of asthma were for children under 2 years.
Similarly for ER presentations, children under 2 years formed
62% of diarrhoea, 57% of other respiratory conditions, 47% of
croup and 35% of asthma presentations (Fig. 1). Children
under 1 year of age contributed to 84% and 82% of bronchi-
olitis admissions and ER presentations, respectively.

Rates of admission and ER presentations

The rate of admissions and ER presentations for asthma and
croup declined over the study period for both boys and girls
but a slight increase occurred in 2004 in admissions for other

Fig. 1 Number of (a) hospital admissions (January 1993–December 2004) and (b) emergency room (ER) presentations (January 1999–December 2004) of

children (0–4 years) in the Australian Capital Territory (ACT) by disease category and age group. Data sources: ACT Admitted Patient Care Collection, 1993–

2004.  ACT  Emergency  Department  Information  System  1999–2004.  Confidential  unit  record  files.  ( )  Asthma;  (�)  other  respiratory  conditions;  ( ) croup;
(�) bronchiolitis; ( ) diarrhoea.
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respiratory conditions and diarrhoea; and ER presentations for
bronchiolitis (Fig. 2). ER presentations of other respiratory
conditions increased steadily until 2003 and then plateaued.
Bronchiolitis ER presentation appeared to peak every 3 years
whereas croup admissions and ER presentations showed a bien-
nial peak till 2002 (Fig. 2).

Admissions rates for diarrhoea fluctuated over the 12-year
study period whereas ER presentations showed an increase
until 2002 and then declined (Fig. 2). Boys had consistently
higher rates of admissions and ER presentations than girls
(except for diarrhoea), with the greatest difference occurring
for asthma admissions and ER presentations of asthma, bron-
chiolitis and croup (data not shown). The admission and ER
presentations followed the same pattern, even though the rates
of ER presentations for asthma, bronchiolitis and diarrhoea
were twice as high as rates of admission, and the rates of ER
presentations for other respiratory conditions and croup were
three and six times higher than the rate of admissions,
respectively.

Monthly variation in hospital admissions and 
ER presentations

Hospital admissions and ER presentations for each age group
were plotted by month of the year without adjustment for the
number of days in the month (Fig. 3). As boys and girls showed
similar patterns (data not shown) only the combined graphs are
shown in Figure 3.

Asthma

Asthma had the highest number of admissions and ER presen-
tations in February and the lowest in January (Fig. 3). Asthma
admissions also peaked in May and October. The monthly pat-
tern was not consistent across age groups for either admissions
or ER presentations. Admissions and ER presentations of the 0-
to 1-year-olds showed a winter peak whereas children aged 1–
2 years peaked in February and in winter (June/July) (data not
shown).

Fig. 2 Rates for (a) hospital admissions (January 1993–December 2004)

and (b) emergency room presentations (January 1999–December 2004) of

children (0–4 years) in the Australian Capital Territory (ACT). Data sources:

ACT Admitted Patient Care Collection, 1993–2004. ACT Emergency Depart-

ment Information System 1999–2004. Confidential unit record files. (–�–)

Other respiratory conditions; (–�–) croup; (–––) bronchiolitis; ( ) asthma;

( ) diarrhoea.
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Fig. 3 The Australian Capital Territory (ACT) resident child (0–4 years) for

(a) hospital admissions (January 1993–December 2004) and (b) emergency

room (ER) presentations (January 1999–December 2004) for asthma, other

respiratory conditions and diarrhoea, by month. Data sources: ACT Admit-

ted Patient Care Collection, 1993–2004. ACT Emergency Department Infor-

mation System 1999–2004. Confidential unit record files. (–�–) Other

respiratory conditions; (–�–) croup; (–––) bronchiolitis; ( ) asthma; ( ),

diarrhoea.
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Bronchiolitis, croup and other 
respiratory conditions

Bronchiolitis admissions and ER presentations started to rise
in April and peaked in July and then started to decline. The
winter seasonal pattern for bronchiolitis admissions and ER
presentations was very marked for children aged under 1 year
and children aged 1–2 years also showed a similar winter
pattern (data not shown). There were 46 admissions and ER
presentations labelled as bronchiolitis in the older age groups
but no pattern was discernible.

Admissions of children with croup showed an autumn
peak. Admissions rose in March and peaked in May whereas
ER presentations of croup increased from February and
peaked in April, and then plateaued until June when they
started to decline (Fig. 3). Hospital admissions and ER presen-
tations of croup in under 1-year-olds peaked in June (data
not shown).

Admissions and ER presentations for other respiratory condi-
tions were the highest in winter months (July/August) (Fig. 3).
Children aged 1–2 years showed the strongest winter peak fol-
lowed by children aged 0–1 year and 2–3 years (data not
shown).

Diarrhoea

Diarrhoea admissions and ER presentations peaked in Septem-
ber (Fig. 3). The pattern was consistent across age groups, with

infants and children 1–2 years and 2–3 years showing the stron-
gest seasonal pattern (data not shown).

Seasonal patterns in hospital admissions and ER 
presentations and its association with season

When hospital admissions and ER presentations were analysed
by season, summer was the reference category. Asthma IRR for
admissions (IRR = 1.29; 95% CI 1.08–1.53) and ER presenta-
tions (IRR = 1.34, 1.08–1.67) were significantly higher in
autumn compared with summer  (Tables 1,2). ER presentations
for asthma were also significantly higher in winter. IRRs of
hospital admissions for other respiratory condition (IRR 2.14;
1.87–2.44) and ER presentations (IRR = 2.32; 2.01–2.69) were
significantly higher in winter compared with summer. IRRs for
croup admissions (IRR = 3.88, 2.77–5.42) and ER presentations
(IRR = 3.07, 2.33–3.97) were higher in autumn. IRRs for admis-
sions and ER presentations of croup and other respiratory con-
ditions were also significantly higher in winter and spring than
summer. Analysis for bronchiolitis was restricted to children
under the age of 2 years. Although bronchiolitis admissions and
ER presentations had higher admissions in spring and autumn
but admissions (IRR = 13.79; 9.60–19.82) and ER presentations
(IRR = 7.34; 5.23–10.29) were the highest in winter (Table 2)
compared with summer. Diarrhoea admissions were nearly
three times higher in spring (IRR = 2.73; 2.00–3.73) and twice
as high in winter (IRR = 2.02; 1.48–2.77) compared with sum-
mer (Table 1). ER presentations for diarrhoea were the highest

Table 1 IRR and 95% CI for the ACT resident child (0–4 years) hospital admissions (1993–2004) by season of the year and disease category

Season Asthma

IRR (95% CI)

Other respiratory conditions

IRR (95% CI)

Croup

IRR (95% CI)

Bronchiolitis

IRR (95% CI)

Diarrhoea 

IRR (95% CI)

Summer 1.00 1.00 1.00 1.00 1.00

Autumn 1.29 (1.08–1.53)* 1.31 (1.14–1.50)** 3.88 (2.77–5.42)** 2.71 (1.85–3.98)** 0.89 (0.64–1.22)

Winter 1.18 (0.99–1.40) 2.14 (1.87–2.44)** 3.12 (2.22–4.38)** 13.79 (9.60–19.82)** 2.02 (1.48–2.77)**

Spring 1.08 (0.91–1.29) 1.58 (1.38–1.81)** 1.39 (0.97–2.01) 4.45 (3.06–6.47)** 2.73 (2.00–3.73)**

*Significant at <0.01; **Significant at <0.001. CI, confidence intervals; IRR, incident rate ratios. Data sources: Australian Capital Territory (ACT) Admitted

Patient Care Collection, 1993–2004. Confidential unit record files.

Table 2 IRR and 95% CI for ACT resident child (0–4 years) ER presentations (1999–2004), by season of the year and disease category

Season Asthma

IRR (95% CI)

Other respiratory conditions

IRR (95% CI)

Croup

IRR (95% CI)

Bronchiolitis

IRR (95% CI)

Diarrhoea 

IRR (95% CI)

Summer 1.00 1.00 1.00 1.00 1.00

Autumn 1.34 (1.08–1.67)* 1.40 (1.21–1.63)** 3.07 (2.37–3.97)** 2.05 (1.44–2.94)** 1.15 (0.87–1.51)

Winter 1.33 (1.07–1.66)* 2.32 (2.01–2.69)** 2.76 (2.13–3.58)** 7.34 (5.23–10.29)** 1.63 (1.25–2.14)**

Spring 1.14 (0.91–1.43) 1.38 (1.19–1.61)** 1.67 (1.28–2.18)** 2.83 (1.99–4.02)** 2.70 (2.07–3.54)**

*Significant at <0.01; **Significant at <0.001. CI, confidence intervals; ER, emergency room; IRR, incident rate ratios. Data sources: Australian Capital

Territory (ACT) Emergency Department Information System 1999–2004. Confidential unit record files.
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in spring compared with summer (IRR = 2.70; 2.07–3.54)
(Table 2).

Discussion

Age- and sex-dependent variations

Age was a significant factor that determined hospital admissions
and ER room presentations but age-specific patterns varied by
disease. Children aged under 2 years contributed to 57% of
the admissions and ER presentations for the five conditions
reviewed in this paper. As expected, children under the age of
1 year had the highest number of admissions and ER presenta-
tions for bronchiolitis whereas children aged 1–2 years had the
highest number of admissions and ER presentations for other
respiratory conditions, croup, diarrhoea and asthma. The high
number of hospital admissions and ER presentations for other
respiratory conditions in children aged less than 1 year is pos-
sibly due to some of the bronchiolitis cases in under 1-year-olds
being misclassified as upper respiratory tract infections or viral
illness, which would be included in our ‘other respiratory con-
ditions’ category. Bronchiolitis is usually a diagnosis made in
children aged less than 1 year, and its misdiagnosis as asthma
may have contributed to the winter asthma peak observed in
children aged under 1 year. This might also explain the differ-
ences between age groups in observed seasonal peaks, with
service use among the youngest children diagnosed with
asthma peaking during winter, perhaps reflecting different aeti-
ology of wheeze, such as from RSV infection, or from misdiag-
nosis. Children aged more than 2 years who were diagnosed as
bronchiolitis may be a coding error or misdiagnosis of these
cases.

Being male was a risk factor for hospitalisation and ER pre-
sentation. Boys consistently showed higher rates than girls in
all age groups for all diseases except diarrhoea, where no dif-
ference was observed between boys and girls. We cannot
explain why boys are at greater risk for these conditions but
this has been observed previously for asthma admissions in
Ireland,8 and elsewhere in Australia,9 whereas in Finland,
boys had higher rates of hospitalisation only in the summer
but had lower rates than girls in winter. The different patterns
found in the Finnish study may be due to the differences in
age groupings between studies (under 15 years rather than
under 5).10

Seasonal pattern of hospital admissions

Asthma

The seasonal pattern observed for asthma in children aged over
1 year has been observed in other parts of Australia in associa-
tion with grass pollen.11 Exacerbations of asthma are sometimes
caused by high concentrations of allergenic particles produced
by an outflow of colder air, associated with the downdraught
from a thunderstorm.12–14 Similar seasonal patterns of asthma
have been documented in other countries, including New
Zealand,15 Finland10 and Norway.16 The seasonality of asthma
admissions has been attributed to a number of factors such as
changes in temperature and humidity,17 wet season, tree and

grass pollen,18 aeroallergens,19 viral infections,16 seasonal varia-
tion of fungal spores and house dust mite.20 Although these
factors are not identical between countries, similar seasonal
patterns are nevertheless observed.

The greatest number of asthma admissions and ER presenta-
tions occur in February, coinciding with the commencement of
the school year after the long summer break, possibly promot-
ing an increase in viral infections that precipitate acute asthma
episodes.16 Although this seasonal pattern has been found pre-
viously in school-going children, the same pattern was observed
in the under 5 years age group in the ACT. The most common
cause of acute asthma exacerbations is rhinovirus,16 which may
easily spread between students and their younger siblings when
school reopens, resulting in higher incidence of asthma exacer-
bations even in younger, preschool-aged children.21 Similarly,
such viruses could also be shared among young children in day
care recommencing after the summer holidays.

We also hypothesise that the decrease in hospital admissions
for asthma during school holidays occurs as people spend more
time outdoors and there is consequently a decrease in the trans-
mission of viruses that may trigger an episode. Further, summer
is the peak holiday season and many families leave the ACT for
vacation. This may be a factor for decreased hospital admissions
and ER presentations of children resident in the ACT at this
time. Furthermore, parents’ capacity to care for their children
is probably the greatest over the school holidays and they may
pay more attention to their children’s preventative asthma med-
ication during the holidays. Lower level of stress in children
during school holidays has also been suggested to play some
role in the reduction of asthma morbidity at these times.10

Croup, bronchiolitis and other respiratory conditions

Admissions and ER presentations of bronchiolitis and other
respiratory conditions increased in winter and decreased in
summer whereas croup showed an autumn peak in the 1- to
2-year-olds and a winter peak in the 0- to 1-year-olds. Bron-
chiolitis ER presentations appear to peak every 3 years in the
ACT whereas croup showed more of a biennial pattern. A
similar biennial mid-autumn peak and annual summer trough
for croup in a 14-year study period were also found in
Canada.22

Respiratory syncytial virus is the most common pathogen
identified in children with bronchiolitis.23 The cooler weather
in winter forces people to spend more time indoors, a reason
that outbreaks of RSV infections among very young children
are observed in winter months.24 During winter as many as 50–
90% of children admitted with bronchiolitis may be infected
with RSV.23 Influenza and RSV were the leading causes of pae-
diatric admissions during the winter season in Japan and
Greece,1,25,26 and in Japan, asthma was found to be a predomi-
nant underlying factor in those with influenza.1

The infections caused by RSV are seasonal, peaking predict-
ably in the winter months25,26 in temperate climates, and in the
hottest months and the rainy season in tropical climates.25–27

The seasons in which RSV epidemics occur typically depend on
geographic location and altitude. Onset weeks and durations of
RSV seasons vary substantially by year and location.28 During
peak seasons the epidemics tend to appear in clusters.29 In the
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tropics, seasonal variations in the incidence of RSV infection are
evident, with an annual peak in November, December and
January.30

In New Zealand, the winter peaks of pneumonia admissions
in children under 15 years of age was found to coincide with
peaks in respiratory viral isolates and influenza type A.31 A
recent review of possible explanations for the seasonality of
respiratory tract viral infections concluded that there is a
remarkable lack of knowledge and hypotheses about why these
infections exhibit a seasonal variation.32 Perhaps seasonal expo-
sure to cold air cooling of the nasal airway and an inhibition of
respiratory defences against infection are contributing factors.
Weber et al. found that two-thirds of hospitalised cases of lower
respiratory infection were caused by RSV and the incidence was
higher during cold seasons in areas with temperate climate and
during wet seasons in tropical countries.33 However, a study of
2- to 5-year-old children in the UK found only weak evidence
of a relationship between cold indoor temperature and ‘wheezy
chest’ and no relationship with upper respiratory tract infec-
tions.34 They highlighted the role of dampness as a cofactor with
low temperature.

Diarrhoea

The spring peak observed for hospital admissions and ER pre-
sentations in the ACT are most probably due to rotavirus
infections, which is the major cause of severe gastroenteritis
in young children and has a high morbidity.35,36 In Australia,
a seasonal trend of diarrhoea was observed in temperate
regions with notable peaks in mid to late winter.37 The rate of
acute gastroenteritis was 15 per 1000 in those under 5 years,
50% of which were attributable to rotavirus infection. The
corresponding rates for rotavirus infection was 11.6 per 1000
for children aged less than 2 years.37 Other studies have esti-
mated the proportion of hospital admissions of children under
5 years of age attributable to rotavirus in the range of 30–
66%.35,38

Conclusion

Based on the results of this study, the autumn, winter and
spring peak in hospital admissions and ER presentations for the
five conditions can be anticipated by estimating the excess
number of admissions that would occur in three seasons (high-
service-use periods) when compared with summer (low-
service-use period). How environmental exposures – both
indoor and outdoor – change between seasons and their role in
causing this variation in disease incidence in young children is
not well understood and needs to be investigated. Several cli-
matic factors (such as temperature and humidity), other cli-
mate-related factors (moulds and pollens) and behavioural
factors (time spent indoors or peer interaction creating oppor-
tunities for infection) may be involved and could be acting
synergistically. That there are a number of countries where
seasonal patterns have been observed but without apparent
consistency with climate suggests that behavioural and other
factors may be more important.

An improved understanding of the seasonality of hospital
admissions and which seasonally recurring factors drive or

influence health service use would be useful in hospital man-
agement for improved service planning and providing care for
these patients. ‘Winter bed crisis’ is a common feature of public
hospitals.39,40 A reallocation of resources in terms of increasing
staff and hospital beds could be undertaken in winter, as com-
pared with summer, to meet the expected increase in demand
for paediatric services. In addition, less elective surgery could
be scheduled to accommodate anticipated increases in patient
load over the winter months. Physicians, surgeons and bed
managers could be brought together to plan elective admissions
based on acute admissions.39 Potentially preventing excess
admission is a further goal, but requires more understanding of
the seasonal mechanisms. Targeted preventive policies that
result in a reduction in hospital admissions for young children41

would achieve a major economic saving for hospitals and health
departments, and reduce the burden of disease among this
vulnerable group.
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