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SUMMARY

We used a national survey of 7578 randomly selected respondents in 2008-2009 to identify the
period prevalence of acute respiratory infection (ARI) by season and state, and to estimate

the incidence of ARI in the Australian community. A case was defined as any episode of cold

or flu with at least one of the following symptoms: fever, chills, sore throat, running nose, or
cough in the past 4 weeks. Frequency data were weighted to the Australian population. The
response rate to the survey was 49%, and 19-9% (1505/7578) of respondents reported an ARI in
the previous 4 weeks, which extrapolated to 68-9 million cases [95% confidence interval (CI)
65-1-72-7] of ARI in Australia annually. The incidence was 3-2 (95% CI 3-0-3-4) cases of
ARI/person per year, and was highest in young children and lowest in older people. ARI imposes

a significant burden on Australian society.
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INTRODUCTION

Acute respiratory infections (ARI) are very common
illnesses that usually have a minor and temporary
impact. However, they can also have severe conse-
quences, accounting for about 5-8 million deaths glob-
ally in 2010 [1]. They are a significant causes of
morbidity and mortality in developing countries, pri-
marily in children aged <5 years [2]. In industrialized
countries, the sheer number of people infected in a
given year means that the non-health impacts, such
as lost productivity, social disruption, and use of
healthcare services, are significant [1, 3].
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Respiratory infections usually follow a seasonal
pattern in temperate regions of the world; highest
during autumn and winter. The onset, duration and
severity of ARI depend on many factors such as the
characteristics of pathogens causing infection, popu-
lation susceptibility and environmental factors [4].
Knowledge of the magnitude of the disease burden
and how the disease occurs by time, place and person
provides a baseline for future monitoring and under-
standing the epidemiology of this common illness.

Australian studies of respiratory infections report
that the incidence of respiratory illness varies between
2-2 and 5-6 cases/person per year [5-7]. The variations
in the methods and definitions used in these studies
make comparisons problematic. Australian studies
have been conducted in selected communities or hos-
pital settings and may not represent incidence of
ARI in the general population.
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In Australia, it is estimated that respiratory
tract infections account for 67 million visits to general
practitioners (GPs) each year [8]. The combined
death rate for pneumonia and influenza places respirat-
ory infections as the sixth leading cause of death
in Australia —accounting for 2715 deaths (2% of
all deaths), and 61014 hospital admissions in 2006—
2007 [9].

The aim of this study was to estimate the incidence
and describe the epidemiology of respiratory episodes
from a national cross-sectional survey to better
understand the health burden imposed by ARI in
Australia.

METHODS

As part of a national study assessing changes in
the prevalence of infectious diseases in Australia, a
computer-assisted telephone-based survey was ad-
ministered to collect data regarding respiratory symp-
toms and associated complaints over a 1-year period
during 2008-2009. We randomly selected the
household and recruited the person who had the last
birthday in that household into the study. The full
methodology applied in this study was a repeat of
an earlier cross-sectional survey that has been
described previously [10]. The questionnaire covered
information on gastrointestinal and respiratory symp-
toms, specifically cold or flu and associated fever
or chills. Potential exposures were explored and par-
ticipants were asked about the duration of illness,
healthcare-seeking behaviour, medication usage as
well as the effect of the illness on their work. This
paper presents and analyses information collected
regarding respiratory symptoms.

Case definition for analysis

A case of ARI was defined as any episode of cold or
flu, with at least one of the following symptoms:
fever, chills, sore throat, runny nose, or cough in the
past 4 weeks. Respondents who reported respiratory
symptoms were asked the date their symptoms began.

The number and duration of respiratory symptoms
were evaluated, and a new episode was defined as
following 1 week or more without any of cold or flu,
runny nose, sore throat, fever or cough. Duration
was calculated from the first to the last day of res-
piratory symptoms. The proportion of participants
with vomiting or diarrhoea associated with respira-
tory symptoms was also determined. Seasons were
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defined as follows: spring (September—November),
summer (December—February), autumn (March—
May), winter (June—August).

Analysis

The primary aim of the analysis was to estimate
the annual number of ARI cases in the Australian
community in a single year. The period prevalence
in the last 4 weeks was estimated by state, season
and demographic factors. As the sample was stratified
by state, we incorporated post-stratification in analysis
to adjust for known differences between the survey
sample and the target population by weighting to
the 2008 resident population for age, sex and state
from the Australian Bureau of Statistics (www.abs.
gov.au). We used survival analysis to estimate the
mean duration of symptoms in people with ongoing
illness at interview. Analysis was performed with
Stata statistical package, version 12.1 [11]. The ‘svyset’
command in Stata was used to weight the data by age,
sex and state during analysis.

Ethical considerations

During interview, verbal consent was obtained
from all participants and from parents or guardians
on behalf of children. Questions about children aged
<15 years were answered by their carer. Adolescents
aged 15-17 years answered questions themselves
following verbal consent from their guardian. The
study was approved by the ethics committees of
the Australian Government Department of Health
and Ageing, the Australian National University and
the Cancer Council in New South Wales.

RESULTS

Overall, 49% (7578/15465) of contacted households
participated in the survey. Of the 7578 study partici-
pants, 498 (6:6%) participants were aged <9 years,
497 (6:6%) were aged 10-19 years, and 6583 (87-8%)
were aged >20 years; 161 (2-1%) were Aboriginal and
Torres Strait Islander respondents (see Appendix).

Period prevalence

Overall, 19-9% (1505/7578) met the case definition
for ARI, of which 34-8% were associated with fever
or chills and 69-5% with cough. There were 19-2%
(1449/7566) of respondents that reported one episode
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Fig. 1. Summary of respondents interviewed and weighted proportion of survey respondents experiencing acute respiratory
infection (ARI) in the previous 4 weeks by month of interview, 20082009, Australia.

of respiratory symptoms during the last month,
followed by 1-:3% (95/7566) of respondents with two
episodes, and 0-1% (7/7566) who experienced >3 epi-
sodes. The mean duration of reported acute respirat-
ory symptoms by each age group ranged from
8:3 days [95% confidence interval (CI) 6:5-10-1] in
the 10-19 years age group to 154 days (95% CI
13-6-17-2) in respondents =65 years. Respondents
reported that respiratory symptoms lasted an average
of 12:6 days (95% CI 11-9-13-3). Following
post-stratification of survey results to the Australian
population, the resulting weighted 4-week period
prevalence of ARI was 24:8% (95% CI 23-4-26-2).

Males reported fewer ARI episodes than females
(Table 1). The weighted period prevalence of ARI
was highest in the youngest age group (04 years)
at 46:3%, while people aged >65 years had the
lowest prevalence at 9-7%. Young children were
also most likely to experience a greater number of epi-
sodes. The period prevalence of ARI in the previous
4 weeks among Indigenous respondents was 39-2%.

Overall a greater number of ARI episodes were
reported in winter compared to summer (Fig. 1).
The period prevalence of ARI was 34:3% (95%
CI 31-4-37-2) in winter. Compared to winter, a
lower prevalence of ARI was observed in spring
(24:6%, 95% CI 21-8-27-4) and autumn (24-9%, 95%
CI 22-0-27-8). The lowest prevalence was observed
in summer (14-1%, 95% CI 11:6-16-5).The seasonal
peak varied by state and territory, with the Northern
Territory weighted period prevalence being 31-4%
(95% CI 24-1-38:6) in autumn to New South Wales
at 35-6% (95% CI 31:1-40-1) in winter (Fig. 2).
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Table 1. Period prevalence of acute respiratory
infections by age, gender and Indigenous status,
2008-2009, Australia

Characteristic Period prevalence (%) 95% CI
Sex
Male 231 21-1-252
Female 264 24-5-28-3
Age (years)
04 463 38-9-53-7
5-9 41-0 33-8-48-1
10-19 35-8 30-9-40-8
20-29 29-4 24-5-34-2
30-39 24-2 20-7-27-7
40-49 199 16:9-22-8
50-59 154 13-1-17-7
60-64 14-5 11-4-17-7
=65 9-7 8:3-11-1
Indigenous status
Indigenous 39-2 27-1-51-3
Non-Indigenous 24-5 23-1-259

Data weighted for state, age and sex.

There were 7-4% (111/1505) of respondents with
an ARI that reported concomitant gastrointestinal
symptoms. Concurrent diarrhoea and vomiting were
present during 4-5% and 3-9% of ARI episodes,
respectively. Children aged <5 years suffered most
from concomitant gastrointestinal symptoms during
respiratory episode with a proportion of 41-1%.

ARI incidence

Extrapolating data to the Australian population, there
were 68-9 million cases (95% CI 65-1-72-7 million) of
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Fig. 2. The weighted 4-week period prevalence of acute respiratory infections (ARI) by state or territory and season,
2008-2009, Australia. NSW/ACT, New South Wales/Australian Capital Territory; NT, Northern Territory; QLD,
Queensland; SA, South Australia; TAS, Tasmania; VIC, Victoria; WA, Western Australia.

Table 2. Incidence of acute respiratory infections by
state and territory, 2008-2009, Australia

Incidence rate
(per person

State/territory per years) 95% CI
New South Wales/Australian 34 3-1-3-7
Capital Territory
Northern Territory 3-4 2:9-3-8
Queensland 34 3-00-3-8
South Australia 31 2:7-3-6
Tasmania 33 2:9-3-8
Victoria 29 2:5-3:4
Western Australia 31 2:6-3-6

Data weighted for state, age and sex.

ARI in Australia in one year, equating to an incidence
of 32 (95% CI 3-0-3-4) cases of ARI per person
annually. In comparing the estimated incidence of
ARI by state or territory, Queensland (3-4, 95% CI
3-0-3-8 episodes/person per year) and New South
Wales/Australian Capital Territory (3-4, 95% CI
3-1-3-7 episodes/person per year) had the highest inci-
dence rates. Victoria had the lowest ARI incidence
with an estimated rate of 2-9 (95% CI 2-5-3-3) epi-
sodes/person per year (Table 2). Overall the estimated
community incidence for females was 3-4 (95% CI
3-2-3-7) ARI cases/person per year, compared to 3-0
(95% CI 2-7-3-2) cases/person per year for males.
When incidences in different age groups were exam-
ined against gender, males aged 0-4 years showed
the highest incidence of 6-5 (95% CI 5-2-7-9) cases/
person per year, followed by females aged 5-9 years
with an incidence of 6-2 (95% CI 4-8-7-6) cases/person
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per year. It was also observed that ARI incidence
decreased with increasing age (Fig. 3).

DISCUSSION

This national survey shows that the incidence of
ARI in Australia is very high, with an estimated
68-9 million cases in a single year. Australia has an
annual incidence rate of 3-2 cases/person per year,
similar to other developed countries [12], but higher
than results from some studies, such as those con-
ducted in China [13]. However, the differences in
study design, demographics of target population,
definition and classification of ARI, the period
required between episodes, and the methodology
employed make any direct comparisons between
other studies and our study problematic. For example,
some studies were prospective longitudinal designs
while cross-sectional telephone interviews were used
in our study. Whether a recall method causes an over-
estimate due to ‘telescoping’ events into a shorter
time-frame is unknown [14]. Differences in data col-
lection methods have an impact on the final esti-
mation. The definition of ARI should be similar
when comparing across countries, as even an appar-
ently small change in the definition can cause a large
change in the ARI incidence. Although Queensland
had the highest period prevalence of ARI in
Australia, there was no significant variation in differ-
ent jurisdictions. The Northern Territory, which has
a population comprising almost 30% Indigenous
persons, had a similar peak prevalence of ARI as
the other states, which are about 2% Indigenous.
This could be because that the small numbers of
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Fig. 3. Incidence of acute respiratory infection/person per year, by age and sex (weighted to the Australian population),
2008-2009. Error bars represent 95% confidence intervals (CIs) around point estimates. —l-, Males; —A—, females.

Indigenous respondents in most states makes interpret-
ation of the impact on Indigenous people difficult. As
the survey was conducted by telephone, remote
Indigenous communities would not have been in-
cluded. Although the period prevalence of ARI in
the Northern Territory was similar compared to other
states, this jurisdiction showed peaks of respiratory
infection in both autumn and winter and exhibited
less variability between seasons. One explanation
could be that as a tropical area, the weather condition
in Northern Territory differed to other temperate
zones of Australia, which may benefit the transmission
of certain pathogens. According to the Northern
Territory Tropical Influenza Surveillance Scheme, in
2008 the rate of influenza-like illness (ILI) presentations
in Northern Territory was higher in May and June
compared to earlier in the year, and then increased
consistently until mid-August [15, 16]. The higher
notification rate of ILI during autumn and winter
seasons in the Northern Territory area is consistent
with the appearance of two peaks of ARI in our
study.

Seasonally, a greater number of episodes per week
were observed in winter compared to summer months,
which reflects what is known from syndromic surveil-
lance for ILI [15, 17]. Notably, mechanisms of season-
ality are thought to vary for the different pathogens;
some have increased carriage in birds in certain
seasons, while some have enhanced replication in
cold and humid condition [18-20]. Physical mechan-
isms involving the pathogens and susceptibility of
the host immune system may be responsible for the
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transmission of infectious diseases. Breathing cold
and dry air can slow mucociliary clearance of the
nasal passage, which has been used to explain the
often observed rise in ARI following a cold-air
event [21-23].

Our study showed that children aged <5 years had
the highest incidence of ARI compared to other age
groups, which is similar to findings in other studies
[2, 5]. This rate decreased progressively in each age
group, and people aged > 65 years had the lowest inci-
dence of ARI. Greater number of recurrences and
shorter duration of episodes were also observed in
the youngest age group. Women also had a higher
risk of acquiring ARI. It is likely that the behaviour
of young children may increase their exposure to
pathogens via person-to-person contact. Compared
to males and older people, women with ARI had a
higher probability of having a young child with ARI
in the house (data not shown), suggesting that the
transmission between a child and their carer is impor-
tant. The role of sex hormones in the regulation of
immune system may also contribute to the differences
in ARI incidence [24]. The elderly have the lowest
risk of contracting ARI, which has been reported
from previous observational studies [25]. This is poss-
ibly due to living in isolation and minimal contact
with children. Additionally, a certain degree of prior
natural immunity to influenza has been recognized
in the Australian population, particularly in those
aged =60 years [26]. This might be another expla-
nation for the lower incidence of ARI in older age
groups.
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Identification of groups of people vulnerable to
ARI is useful to guide interventions to minimize
transmission and public health resource allocation.
Young children and their carers are clearly at higher
risk. It is important to promote hygiene in childcare
centres and in the home, and identify simple measures
that may prevent transmission [27, 28]. Older people
living in the community do not appear at risk of
increased episodes of ARI, but may suffer more
severe consequences of infection [13, 29]. We did not
include influenza and pneumococcal immunization
status in our questionnaire and were unable to com-
pare the incidence of participants with vaccination
to those without. Given these pathogens are only
two of the many that cause acute respiratory illness
and vaccines only provide coverage to certain strains,
we believe that this will have minimal impact on
our estimates of incidence. Our results showed
that 7-4% of respiratory episodes were associated
with gastrointestinal symptoms and children aged
<5 years were most likely to have concurrent gastro-
intestinal symptoms during respiratory episodes. An
association between respiratory and gastrointestinal
symptoms has been reported previously [14, 30, 31].
Certain pathogens, such as enterovirus, known to
cause respiratory symptoms are frequently associated
with gastrointestinal symptoms in children, and it is
often impossible to differentiate illnesses that are pri-
marily respiratory infections vs. those that have respir-
atory symptoms secondary to a gastrointestinal illness.
Microbiological confirmation of respiratory illness
was not possible in this study. Consequently, we
were unable to comment on the incidence of specific
respiratory pathogens as a cause of illness in
Australia. Instead, we used a sensitive symptomatic
definition for an acute respiratory episode. Thus, this
should provide a close estimation of the epidemiology
of ARI in the community.

The strength of our data relates to its nationwide
study coverage with large numbers of participants
from each of the jurisdictions. The participation rate
for the survey was reasonable, although elderly
females comprised the largest proportion of the
respondents. The impact of the skewed age and sex
distribution of study participants was taken into
account through weighting data to the Australian
population to adjust for known difference between
the sample and target population. However, we did
not collect data on the non-respondents, and there-
fore, were not able to assess other aspects of partici-
pation bias. Additionally, our study was based on
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self-reported symptoms and we did not attempt to
validate these reports.

In summary, we used national data to provide an
overarching perspective of ARI in Australia. The
overall incidence of ARI in the Australian commu-
nity, and incidence by state confirmed that ARI
imposes a significant burden across Australia.
Factors associated with ARI and these findings can
assist in targeting further investigation and, ulti-
mately, strategic interventions to reduce the incidence
in certain groups. It is important that future research
further investigates the transmission pathways
between children and their carers in the home and
how to best interrupt infection. Additional study
about transmission modes of pathogens causing ARI
in risk groups may also be important, as it is likely
that sources of infection vary. These findings can assist
in targeting interventions to reduce the incidence of
ARI in high-risk populations.

APPENDIX. Demographic characteristics
of respondents by age, gender and state, 2008—2009,
Australia

Demographic characteristics No. of respondents (%)

Gender
Male 3024 (39-9)
Female 4554 (60-1)
Age (years)
0-4 249 (3-3)
5-9 249 (3-3)
10-19 497 (6°6)
20-29 507 (6:7)
30-39 802 (10-6)
40-49 1064 (14-0)
50-59 1374 (181)
60-64 755 (10-0)
=65 2081 (27-5)
State/territory
New South Wales/Australian 2367 (31-2)
Capital Territory
Northern Territory 869 (11-5)
Queensland 869 (11-5)
South Australia 870 (11-5)
Tasmania 868 (11-5)
Victoria 867 (11-4)
Western Australia 868 (11-5)
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