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ABSTRACT:
Introduction: Respiratory syncytial virus (RSV) is the leading viral
cause of acute lower respiratory infections globally, accounting for
high morbidity and mortality burden among children aged less

rhinoviruses (HRV), RSV was the second most prevalent virus (15%,
95% confidence interval (CI) 13–18). RSV prevalence was greatest
amongst children aged less than 2 years hospitalised with

than 5 years. As candidate RSV vaccine trials in pregnant women
and infants are underway a greater understanding of RSV
epidemiology is now needed, especially in paediatric populations
with high rates of acute and chronic respiratory disease. The

bronchiolitis (47%, 95%CI 41.4–52.4), with more than two-thirds
with RSV aged less than 6 months. In contrast, the prevalence of
RSV was only 1–3.5% in other age groups and settings. In onethird of RSV cases, another respiratory virus was also detected.

objective was to identify RSV prevalence in children living in
northern Australia, a region with a high respiratory disease
burden.
Methods: Data were sourced from 11 prospective studies (four

Individual viruses other than RSV and HRV were uncommon
(0–9%).
Conclusion: Combined data from 11 hospital and communitybased studies of children aged less than 18 years who lived in

hospital and seven community-based) of infants and children with
acute and chronic respiratory illnesses, as well as otitis media,
conducted between 1996 and 2017 inclusive. The data from
northern Australian children in these trials were extracted and,

communities with a high burden of acute and chronic respiratory
illness showed that RSV was second only to HRV as the most
prevalent virus detected across all settings. RSV was the most
frequently detected virus in infants hospitalised with bronchiolitis,

where available and consented, their nasopharyngeal swabs

including those aged less than 6 months. In contrast, RSV was

(biobanked at –80ºC) were tested by polymerase chain reaction
assays for RSV-A and B, 16 other viruses and atypical respiratory
bacterial pathogens.

uncommonly detected in children in community settings. In
northern Australia, effective maternal and infant RSV vaccines
could substantially reduce RSV bronchiolitis-related

Results: Overall, 1127 children were included. Their median age

hospitalisations, including admissions of Indigenous infants from

was 1.8 years (interquartile range 0.5–4.9); 58% were male and 90%
Indigenous, with 81% from remote communities. After human

remote communities.

Keywords:

Australia, children, hospitalisation, morbidity, respiratory, respiratory syncytial virus.

FULL ARTICLE:
Introduction
Respiratory syncytial virus (RSV) is a leading cause of acute lower
respiratory infections (ALRIs) in infants and young children (aged
<5 years) and in older people, accounting for a high burden of
morbidity and mortality1. In infants and young children, RSVrelated ALRIs in young children are primarily bronchiolitis and
pneumonia2,3. Globally, the impact of RSV is large, accounting for
33 million ALRI episodes, 3.2 million hospitalisations and 59 600
in-hospital deaths in those aged less than 5 years4. Nevertheless,
these data likely underestimate the true disease burden as they do
not account for RSV ALRIs in older children5, diagnostic
misclassification from hospital-based coding practices6, and outof-hospital RSV-attributable deaths in low- and middle-income
countries4,7. To reduce RSV disease in young children, several
candidate vaccines are currently undergoing development and
clinical trials8,9. In preparation for introducing RSV vaccines, better
epidemiological data on RSV are needed, including clinic
attendance for ALRIs and data relevant to high-risk populations,
such as Indigenous children3,9.
In Australia, Indigenous children have a high ALRI burden10,11, with
hospitalisation rates as high as 427 per 1000 in Indigenous infants
from the Northern Territory (NT)12. Indigenous children, especially
from remote communities, are seven times more likely to be
hospitalised with pneumonia than non-Indigenous

children13. Moreover, hospitalised and recurrent ALRIs in the first
few years of life are associated with an increased risk of future
impaired lung health10, reduced lung function14,15 and
bronchiectasis16-18. Indeed, the authors’ previous work among
young children aged less than 24 months hospitalised with
bronchiolitis showed that Indigenous children have more severe
disease (eg longer duration of hospitalisation and supplemental
oxygen requirement)19,20 and poorer clinical outcomes posthospitalisation (re-hospitalisation for respiratory illnesses within
6 months) than non-Indigenous children19,20. Moreover,
Indigenous children with prolonged cough 3–4 weeks after
hospitalisation for bronchiolitis were at increased risk of future
bronchiectasis (odds ratio (OR) 3.0, 95% confidence interval (CI)
1.1–7.0, p=0.03)21.
RSV is the commonest cause of hospitalised ALRIs in Australian
children22. National as well as population-based data-linkage
studies from the states of Western Australia and New South Wales
found RSV hospitalisation incidence rates approximately two-tofour times higher in Indigenous than non-Indigenous
children6,13,23. Similar disparities in RSV-related ALRIs between
Indigenous and non-Indigenous children are reported in hospitalbased studies from central Australia24 and the top end of the NT25.
However, while community-based studies of RSV–ALRI are needed
to capture the full spectrum of severity and for cost-effective
analyses of future vaccines, few exist in Australia26-28.

In addition to the limited community-based data on RSV
prevalence among Indigenous children in the northern Australian
setting, data relating to co-detection of other viruses with RSV in

involved children with either acute or chronic respiratory
illnesses17,20,32-35, one involved children who acted as casecontrols in study 4 and the remaining two focused on otitis

this population are also scarce. Nevertheless, the clinical relevance
of single versus multiple virus detections in ALRIs remains unclear,
especially as 23–55% of virus detection in community-based
surveillance studies are unaccompanied by any symptoms26,29-31.

media36. These were conducted in the NT, central Australia, and in
the northern Queensland city of Townsville between 1996 and
2017 inclusive. One of the studies is ongoing, and the main results
(reporting of primary aims) of seven studies and a substudy have

To begin addressing this knowledge gap, the authors of this study
determined the point prevalence of RSV in northern Australian
children by conducting a secondary analysis of 11 hospital and
community-based studies of children with ALRIs (principally

been published already17,20,32-37.
Hospital-based studies included the Royal Darwin Hospital and
Alice Springs Hospital in the NT, and the Townsville Hospital in
Queensland. The Royal Darwin38, Alice Springs39 and Townsville

bronchiolitis), otitis media and chronic pulmonary disorders, which
included investigations during periods without acute respiratory
illness and involved mainly Indigenous participants17,20,32-36. The

hospitals40 are 360-, 186- and 580-bed teaching hospitals
respectively with each containing the sole specialist paediatric
services for their regions (Fig1). Community-based studies were

secondary aim was to describe the prevalence of RSV codetections with other respiratory viruses.

undertaken across the NT, including central Australia, and in
Queensland (communities vary according to the original studies,
Table 1).

Methods

For each study, data custodians provided written approval for data

Study design and settings

to be accessed. Each original study received ethics approval with

Data were sourced from 11 prospective studies (Table 1). Eight

informed consent obtained for all nasopharyngeal swabs (NPSs)
opting in to approve future analyses.

Table 1: Description of studies, clinical state and setting

Figure 1: Hospital catchment areas.
Geographical region and climate
The NT consists of two main regions: the tropical north and central
Australia. The tropical north has two distinct seasons: the dry (May
to October) and wet (November to April) seasons. Central Australia
(including the Anangu Pitjantjatjara Yankunytjatjara Lands, of
northern South Australia) is a semi-desert region that has a typical
four-season pattern. Townsville is a coastal city situated in northeastern Queensland, with a tropical climate similar to the NT
tropical north.
Study population
Children aged less than 18 years with recorded NPS virus results,
or stored NPS specimens available, and consented for future
testing, were eligible for inclusion. No other inclusion criteria were
used, as eligibility criteria varied between each of the original
studies (Supplementary table 1).
Supplementary table 1: Summary of included studies
Clinical data
A hierarchical approach was used to identify data from the original
studies. For acute hospital or community-based studies17,20,32-35
where more than one clinical visit was recorded and children were
either hospitalised or treated at the local health centre, ALRIs were
defined according to previous clinical trials17,20,32-35. This was ageadjusted tachypnoea with wheeze or crackles in otherwise
previously well infants and young children with bronchiolitis20,32,33,
and any combination of increased cough, dyspnoea, increased
sputum volume or purulence, haemoptysis, or new chest
examination or radiographic findings in children with known
chronic suppurative lung disease or bronchiectasis17,34,35. For nonacute studies17,34, the authors selected the first available healthy
visit (ie no acute respiratory illness) with available virus testing
data. For the otitis media-related studies36, the authors selected
the first clinical visit where virus testing results were available.
Data custodians extracted de-identified data using a pre-specified

list of variables (as available), including age, ethnicity, birth history,
breastfeeding, family history, exposure to tobacco (during
pregnancy and in the household), chronic pulmonary disorders,
other co-existing illnesses (eg pyoderma, otitis media, rheumatic
heart disease, faltering growth), setting (hospital/community),
viruses, season (dry/wet season in the tropics of the NT and
Queensland) and region (urban/remote). As per the authors’
previous studies, remoteness was defined as more than 100 km
from a tertiary hospital20,32,33,41. Before merging data sets,
variables were recoded to ensure identical coding between studies.
Virus data
In all studies, an NPS was collected and placed into skim milk
tryptone glucose glycerol broth (STGGB), and stored at –80°C
using standardised procedures at the Menzies School of Health
Research42. Where virus result data were not already available, an
aliquot of the stored STGGB was submitted by courier to the
Queensland Paediatric Infectious Diseases laboratory in Brisbane,
which had acted as the reference laboratory for all studies. The
polymerase chain reaction assays used have been reported
previously20,32,35 and included testing for RSV (A and B), HRV,
human adenovirus, parainfluenza (1, 2, 3), influenza virus (A and B),
human metapneumovirus, human enterovirus, human
coronaviruses (NL63, OC43, 229E, HKU1), human bocavirus and
human polyomaviruses (KI, WU).
Statistical analysis
Descriptive analyses were conducted using Stata v14 (StataCorp;
http://stata.com). As data were not normally distributed, nonparametric measures were used. Patient characteristics are
presented as numbers and percentages, median and interquartile
ranges (IQR: 25th – 75th percentile). As this was an opportunistic
study of available data, sample size calculation was not
undertaken.
Ethics approval
The Human Research Ethics Committee of the NT Department of

Health and Menzies School of Health Research approved the
current study (HREC-17-3025).
Results
The demographic and clinical data for the 1127 children included
in this study are summarised in Table 2. More children were from
hospital studies (n=621) than community-based studies (n=506).
The median age of children was 1.8 years (IQR 0.5–4.9); 58% were

males, 90% were Indigenous, of whom 81% were from remote
communities, and 57% had at least one co-existing illness.
Exposure to tobacco smoke varied between studies and settings;
however overall, it was very high during pregnancy (54%) and at
home (73%). Overall, 77% of NPS collected from children during
‘well child’ (ie non-acute respiratory) visits and otitis media studies
were conducted during the dry season, due to lack of accessibility
to remote communities at other times of the year.

Table 2: Baseline characteristics by setting and condition

Prevalence of respiratory syncytial virus by setting, study type
and condition
The overall point prevalence of RSV was 173/1127 or 15% (95%CI
13–18). RSV grouped by setting and condition are summarised in
Table 3. The point prevalence of RSV was highest in hospital-based
studies of bronchiolitis in children aged less than 24 months
(156/333; 47%, 95%CI 41–52) and of these 107/156 (69%) were
infants aged less than 6 months (95%CI 61–76). In contrast, RSV
was detected in only 2.1% (17/794, 95%CI 1.3–3.4) of children

across other clinical settings. This included children who were
clinically stable and undergoing an elective bronchoscopy for
chronic respiratory symptoms (study 9). In community-based
studies of otitis media (studies 10 and 11), those undergoing a
‘well child’ outpatient review after hospitalisation for bronchiolitis
or who were part of the case-control study (studies 6 and 7), and
children with non-severe (non-hospitalised), acute pulmonary
exacerbations of chronic suppurative lung disease or
bronchiectasis (studies 4, 5 and 8), the prevalence of RSV was 1.4%
(7/506, 95%CI 0.6–2.8).

Table 3: Prevalence of respiratory syncytial virus by setting and condition

Other viruses, including RSV co-detections
Detection of other respiratory viruses in NPS samples varied
according to setting and type of illness (Table 4). HRV was the virus
detected most commonly in community-based studies, with
highest detections in otitis media (prevalence 57%, 95%CI 47–67).

The prevalence range for other viruses was 0–9%. At least one virus
was detected in 706 (63%, 95%CI 59–68) children with 227 (20%,
95%CI 18–23) having two or more viruses present. Of the 173 RSV
detections, 56 (33%, 95%CI 26–40) involved co-detection with
other viruses and where HRV co-detection was the most
common (27/173, 16%).

Table 4: Distribution of respiratory viruses and atypical bacterial pathogens by setting and condition

Discussion
This study provides RSV prevalence data for northern Australia
derived from 11 prospective hospital- and community-based

numbers in hospitalised children with respiratory symptoms
(41/148, 27.7%) and those without (34/158, 21.5%)29. Viruses other
than RSV and HRV were uncommon, with point prevalence rates
less than 10%. Co-detection of RSV with other respiratory viruses

studies involving 1127 subjects in a setting where children are at
high risk of acute and chronic respiratory illnesses2,10,11. While
limited, it begins to address recommendations made by WHO to
gather more information on local RSV epidemiology and disease
burden in disadvantaged populations while awaiting future
licensed RSV vaccines43. It was found that RSV was second only to

The present study data are consistent with other hospital-based
ALRI studies that also include Indigenous infants with bronchiolitis,
where RSV was detected in 41–83% of patients4,44,45. In the
present study, 31% of children hospitalised with RSV-related

HRV with an overall prevalence of 15% in the study region. RSV
point prevalence of 47% was highest in children aged less than
24 months hospitalised with bronchiolitis, whereas prevalence in

bronchiolitis were aged 6–24 months, when maternal RSV
vaccination may no longer be protective,46, emphasising the
importance of also developing active immunisation programs for

community-based studies was only 1.4% in children with either
otitis media or in older children aged up to 18 years with or
without ALRI respiratory symptoms. In contrast, HRV was common
across all clinical settings and ages, including having a point
prevalence of 30% in clinically stable children without either ALRI

young infants. In contrast to hospital-based studies, detection of
RSV was low in the seven community-based studies (1.4% of
children overall; 2.2% in those with and 0.9% without an acute
respiratory illness).

symptoms or otitis media. Finding HRV in asymptomatic children is
not surprising as reported in several other studies, such as that
described by Advani et al, where HRV was detected in near-equal

was 33% across all clinical settings.

It was not possible to calculate the population-based incidence of
RSV-ALRI in our studies. In the Australian state of New South
Wales, a data-linkage study determined RSV-hospitalisation
incidence at 4.9 (11.0 in Indigenous children) per 1000 child years

in those aged less than 5 years (peak incidence at age 0–3 months
was 25.6 per 100 child years (58.0 in Indigenous children)23.
Differences in the incidence of RSV is likely multi-factorial, and

Vietnam48 and in Kenya49. Nevertheless, these studies may not
represent children in the study region who are at high risk of
severe ALRIs. This was an opportunistic secondary analysis of data

influenced by age, disease states, timing (season) and duration of
surveillance4. Without active surveillance in the study region, the
true incidence and disease burden of RSV are unknown, although a
higher incidence of RSV-related ALRI in community studies is

from studies not designed specifically for determining RSV
epidemiology. The data had limited seasonal coverage, thus not
fully capturing annual outbreaks of RSV. Ninety percent of children
were Indigenous, 81% of whom were from remote communities. A

expected, due to the high burden of respiratory disease among
Indigenous people compared to non-Indigenous people10,11. The
most likely reasons for lower-than-expected rates of RSV detection
in community studies include sampling from comparatively older
children, and lack of acute respiratory symptoms26,27. Most of

prospective, community-based study of non-Indigenous children
in the region would be informative. A more comprehensive study
is indicated to more accurately identify risk factors for RSV
infection and priority target groups for future RSV vaccination.
Lastly, the authors were unable to report mortality as these data

these children were seen in the dry season (May to October),
rather than during the peak respiratory period in the wet season
(November to April)25,47, and this is also likely be a contributing

were not collected.

factor to differences in RSV detection.

This study combines hospital- and community-based studies of
children aged less than 18 years who live in settings with a high
burden of acute and chronic respiratory illness. The authors found
RSV was second only to HRV as the most prevalent virus detected

Co-detection of other viruses with RSV was relatively common,
occurring in one-third of cases. The most common co-detected
virus was HRV, followed by the DNA viruses, human polyomavirus
WU and adenovirus. The clinical relevance of virus co-detections in
31

children with an ALRI remains uncertain . In a recent communitybased birth cohort study of young Australian children, single
infections with RSV and human metapneumovirus were found to
be most strongly associated with symptomatic ALRI; this study
observed that new virus co-detections were also associated with a
significantly increased attributed risk of symptoms26.

Conclusion

across all settings. RSV was the most frequently detected virus in
infants hospitalised with bronchiolitis, including those aged less
than 6 months. In contrast, RSV was uncommonly detected in
children in community settings. While other respiratory viruses
were often co-detected with RSV, their contribution to the child’s
clinical state is uncertain. Ongoing surveillance of RSV50 in hospital
and community settings is needed to further understand its
epidemiology, particularly in at-risk populations (ie Indigenous)

The present study has several limitations. No prospective
longitudinal studies of RSV in at-risk Indigenous children have

within Australia to guide prevention strategies and future RSV
vaccine schedules. The young age of most RSV-positive

been reported in the study region. An Australian urban
community-based study of healthy infants followed prospectively

hospitalised cases suggests a potential benefit from future
maternal RSV vaccine programs.

from birth to age 2 years28 observed RSV infections were
uncommon until after age 6 months, following which there was a

Acknowledgements

steady increase in RSV detections. By age 2 years, 58% of the
cohort had at least one documented RSV infection. Similar findings

We are grateful for the children and families who participated in
the original studies. We thank Kim Hare and Jemima Beissbarth for

were reported in a birth cohort from semi-rural villages in

their help in providing de-identified data.

REFERENCES:
1 Noor A, Krilov LR. Respiratory syncytial virus vaccine: where are

of acute lower respiratory infections due to respiratory syncytial

we now and what comes next? Expert Opinion on Biological
Therapy 2018; 18(12): 1247-1256. https://doi.org/10.1080
/14712598.2018.1544239 PMid:30426788

virus in young children in 2015: a systematic review and modelling
study. Lancet 2017; 390(10098): 946-958. https://doi.org/10.1016
/S0140-6736(17)30938-8

2 Obando-Pacheco P, Justicia-Grande AJ, Rivero-Calle I,
Rodriguez-Tenreiro C, Sly P, Ramilo O, et al. Respiratory syncytial

5 Goldstein E, Nguyen HH, Liu P, Viboud C, Steiner CA, Worby CJ,
et al. On the relative role of different age groups during epidemics
associated with respiratory syncytial virus. Journal of Infectious

virus seasonality: a global overview. Journal of infectious Diseases
2018; 217(9): 1356-1364. https://doi.org/10.1093/infdis/jiy056
PMid:29390105

Diseases 2018; 217(2): 238-244. https://doi.org/10.1093/infdis
/jix575 PMid:29112722

3 Karron RA, Zar HJ. Determining the outcomes of interventions to
prevent respiratory syncytial virus disease in children: what to
measure? Lancet Respiratory Medicine 2018; 6(1): 65-74.
https://doi.org/10.1016/S2213-2600(17)30303-X

6 Saravanos GL, Sheel M, Homaira N, Dey A, Brown E, Wang H, et
al. Respiratory syncytial virus-associated hospitalisations in
Australia, 2006–2015. Medical Journal of Australia 2019; 210(10):
447-453. https://doi.org/10.5694/mja2.50159 PMid:31066061

4 Shi T, McAllister DA, O’Brien KL, Simoes EAF, Madhi SA, Gessner

7 Zanone SM, Krause LK, Madhi SA, Bassat Q, Jha P, Simoes EA, et

BD, et al. Global, regional, and national disease burden estimates

al. Challenges in estimating RSV-associated mortality rates. Lancet

Respiratory Medicine 2016; 4(5): 345-347. https://doi.org/10.1016
/S2213-2600(16)30042-X

young children. Pneumonia 2015; 6: 101-114. https://doi.org
/10.15172/pneu.2015.6/621

8 Mazur NI, Higgins D, Nunes MC, Melero JA, Langedijk AC,
Horsley N, et al. The respiratory syncytial virus vaccine landscape:
lessons from the graveyard and promising candidates. Lancet
Infectious Diseases 2018; 18(10): e295-e311. https://doi.org

19 https://doi.org/10.15172/pneu.2015.6/621. Risks of severity and
readmission of Indigenous and non-Indigenous children

/10.1016/S1473-3099(18)30292-5

hospitalised for bronchiolitis. Journal of Paediatrics and Child
Health 2009; 45(10): 593-597. https://doi.org/10.1111
/j.1440-1754.2009.01571.x PMid:19751375

9 Kim L, Rha B, Abramson JS, Anderson LJ, Byington CL, Chen GL,
et al. Identifying gaps in respiratory syncytial virus disease
epidemiology in the United States prior to the introduction of
vaccines. Clinical Infectious Diseases 2017; 65(6): 1020-1025.

20 McCallum GB, Morris PS, Chatfield MD, Maclennan C, White AV,
Sloots TP, et al. A single dose of azithromycin does not improve
clinical outcomes of children hospitalised with bronchiolitis: a
randomised, placebo-controlled trial. PLoS One 2013; 8(9): e74316.

https://doi.org/10.1093/cid/cix432 PMid:28903503

https://doi.org/10.1371/journal.pone.0074316 PMid:24086334

10 Chang AB, Marsh RL, Upham JW, Hoffman LR, Smith-Vaughan
H, Holt D, et al. Toward making inroads in reducing the disparity of

21 McCallum GB, Chatfield MD, Morris PS, Chang AB. Risk factors
for adverse outcomes of Indigenous infants hospitalized with
bronchiolitis. Pediatric Pulmonology 2016; 51(6): 613-623.

lung health in Australian indigenous and New Zealand Maori
children. Frontiers in Pediatrics 2015; 3: 9. https://doi.org/10.3389
/fped.2015.00009

https://doi.org/10.1002/ppul.23342 PMid:26575201

Indigenous and non-indigenous Children. Australasian

22 Lim FJ, Blyth CC, Fathima P, de Klerk N, Moore HC. Record
linkage study of the pathogen-specific burden of respiratory
viruses in children. Influenza and Other Respiratory Viruses 2017;

Epidemiologist 2011; 18(1): 15-20.

11(6): 502-510. https://doi.org/10.1111/irv.12508 PMid:28991397

12 O’Grady KA, Torzillo PJ, Chang AB. Hospitalisation of Indigenous

23 Homaira N, Oei JL, Mallitt KA, Abdel-Latif ME, Hilder L, Bajuk B,
et al. High burden of RSV hospitalization in very young children: a
data linkage study. Epidemiology and Infection 2016; 144(8):

11 Moore H. Acute lower respiratory infections (ALRI) in

children in the Northern Territory for lower respiratory illness in the
first year of life. Medical Journal of Australia 2010; 192(10):
586-590.
13 Fathima P, Blyth CC, Lehmann D, Lim FJ, Abdalla T, de Klerk N,

1612-1621. https://doi.org/10.1017/S0950268815003015
PMid:26626237

et al. The impact of pneumococcal vaccination on bacterial and
viral pneumonia in Western Australian children: record linkage

al. Respiratory syncytial virus infections in Central Australia. Journal

cohort study of 469589 Births, 1996–2012. Clinical Infectious
Diseases 2018; 66(7): 1075-1085. https://doi.org/10.1093

of Paediatrics and Child Health 2010; 46(1-2): 35-39.
https://doi.org/10.1111/j.1440-1754.2009.01614.x PMid:19943864

/cid/cix923 PMid:29069315
14 Lopez Bernal JA, Upton MN, Henderson AJ, Dedman D,

25 Fagan P, McLeod C, Baird RW. Seasonal variability of respiratory
syncytial virus infection in the Top End of the Northern Territory

McCarthy A, Davey Smith G, et al. Lower respiratory tract infection
in the first year of life is associated with worse lung function in

(2012–2014). Journal of Paediatrics and Child Health 2017; 53(1):
43-46. https://doi.org/10.1111/jpc.13303 PMid:27671992

adult life: prospective results from the Barry Caerphilly Growth
study. Annals of Epidemiology 2013; 23(7): 422-427. https://doi.org
/10.1016/j.annepidem.2013.05.006 PMid:23790346

26 Sarna M, Lambert SB, Sloots TP, Whiley DM, Alsaleh A, Mhango
L, et al. Viruses causing lower respiratory symptoms in young
children: findings from the ORChID birth cohort. Thorax 2018;

15 Tennant PW, Gibson GJ, Parker L, Pearce MS. Childhood

73(10): 969-979. https://doi.org/10.1136/thoraxjnl-2017-210233
PMid:29247051

respiratory illness and lung function at ages 14 and 50 years:
childhood respiratory illness and lung function. Chest 2010;
137(1): 146-155. https://doi.org/10.1378/chest.09-0352
PMid:19581355
16 Valery PC, Torzillo PJ, Mulholland K, Boyce NC, Purdie DM,
Chang AB. Hospital-based case-control study of bronchiectasis in
indigenous children in Central Australia. Pediatric Infectious Disease
Journal 2004; 23(10): 902-908. https://doi.org/10.1097
/01.inf.0000142508.33623.2f PMid:15602188
17 Singleton RJ, Valery PC, Morris P, Byrnes CA, Grimwood K,
Redding G, et al. Indigenous children from three countries with
non-cystic fibrosis chronic suppurative lung disease/bronchiectasis.
Pediatric Pulmonology 2014; 49(2): 189-200. https://doi.org
/10.1002/ppul.22763 PMid:23401398
18 Grimwood K, Chang AB. Long-term effects of pneumonia in

24 Dede A, Isaacs D, Torzillo PJ, Wakerman J, Roseby R, Fahy R, et

27 Nolan T, Borja-Tabora C, Lopez P, Weckx L, Ulloa-Gutierrez R,
Lazcano-Ponce E, et al. Prevalence and incidence of respiratory
syncytial virus and other respiratory viral infections in children
aged 6 months to 10 years with influenza-like illness enrolled in a
randomized trial. Clinical Infectious Diseases 2015; 60(11): e80-89.
https://doi.org/10.1093/cid/civ065 PMid:25673560
28 Sarna M, Ware RS, Lambert SB, Sloots TP, Nissen MD,
Grimwood K. Timing of first respiratory virus detections in infants:
a community-based birth cohort study. Journal of Infectious
Diseases 2018; 217(3): 418-427. https://doi.org/10.1093/infdis
/jix599 PMid:29165576
29 Advani S, Sengupta A, Forman M, Valsamakis A, Milstone AM.
Detecting respiratory viruses in asymptomatic children. Pediatric
Infectious Disease Journal 2012; 31(12): 1221-1226. https://doi.org

/10.1097/INF.0b013e318265a804 PMid:22739572
30 Byington CL, Ampofo K, Stockmann C, Adler FR, Herbener A,
Miller T, et al. Community surveillance of respiratory viruses among
families in the Utah Better Identification of Germs-Longitudinal
Viral Epidemiology (BIG-LoVE) Study. Clinical Infectious Diseases
2015; 61(8): 1217-1224. https://doi.org/10.1093/cid/civ486
PMid:26245665

40 Queensland Government. Facilities and services in the
Townsville Hospital and Health Service. 2018. Available:
https://www.health.qld.gov.au/townsville/facilities/townsvillehospital (Accessed 3 December 2018).
41 McCallum GB, Versteegh LA, Morris PS, McKay CC, Jacobsen NJ,
White AV, et al. Mobile phones support adherence and retention of
indigenous participants in a randomised controlled trial: strategies

31 Lim FJ, de Klerk N, Blyth CC, Fathima P, Moore HC. Systematic
review and meta-analysis of respiratory viral coinfections in
children. Respirology 2016; 21(4): 648-655. https://doi.org/10.1111
/resp.12741 PMid:26919484

and lessons learnt. BMC Public Health 2014; 14(1): 622.
https://doi.org/10.1186/1471-2458-14-622 PMid:24943961

32 McCallum GB, Morris PS, Grimwood K, Maclennan C, White AV,
Chatfield MD, et al. Three-weekly doses of azithromycin for
indigenous infants hospitalized with bronchiolitis: a multicentre,

nasopharynx and lower airways of Australian indigenous children
with bronchiectasis. Journal of Pediatrics 2010; 157(6): 1001-1005.
https://doi.org/10.1016/j.jpeds.2010.06.002 PMid:20656297

randomized, placebo-controlled trial. Frontiers in Pediatrics 2015;
3: 32. https://doi.org/10.3389/fped.2015.00032 PMid:25954737

43 Modjarrad K, Giersing B, Kaslow DC, Smith PG, Moorthy VS,

33 McCallum GB, Morris PS, Wilson CC, Versteegh LA, Ward LM,
Chatfield MD, et al. Severity scoring systems: are they internally
valid, reliable and predictive of oxygen use in children with acute
bronchiolitis? Pediatric Pulmonology 2013; 48(8): 797-803.
https://doi.org/10.1002/ppul.22627 PMid:22949369
34 Valery PC, Morris PS, Byrnes CA, Grimwood K, Torzillo PJ, Bauert
PA, et al. Long-term azithromycin for Indigenous children with

42 Hare KM, Grimwood K, Leach AJ, Smith-Vaughan H, Torzillo PJ,
Morris PS, et al. Respiratory bacterial pathogens in the

Group WRVCE. WHO consultation on Respiratory Syncytial Virus
Vaccine Development Report from a World Health Organization
meeting held on 23–24 March 2015. Vaccine 2016; 34(2): 190-197.
https://doi.org/10.1016/j.vaccine.2015.05.093 PMid:26100926
44 Homaira N, Mallitt KA, Oei JL, Hilder L, Bajuk B, Lui K, et al. Risk
factors associated with RSV hospitalisation in the first 2 years of
life, among different subgroups of children in NSW: a whole-ofpopulation-based cohort study. BMJ Open 2016; 6(6): e011398.

non-cystic-fibrosis bronchiectasis or chronic suppurative lung
disease (Bronchiectasis Intervention Study): a multicentre, doubleblind, randomised controlled trial. Lancet Respiratory Medicine

https://doi.org/10.1136/bmjopen-2016-011398 PMid:27357197

2013; 1(8): 610-620. https://doi.org/10.1016
/S2213-2600(13)70185-1

admission in New Zealand. Epidemiology and Infection 2008;

35 Goyal V, Grimwood K, Byrnes CA, Morris PS, Masters IB, Ware

45 Grimwood K, Cohet C, Rich FJ, Cheng S, Wood C, Redshaw N, et
al. Risk factors for respiratory syncytial virus bronchiolitis hospital
136(10): 1333-1341. https://doi.org/10.1017/S0950268807000180
PMid:18177522

RS, et al. Amoxicillin-clavulanate versus azithromycin for
respiratory exacerbations in children with bronchiectasis (BEST-2):
a multi-centre, double-blind, non-inferiority randomised controlled

46 Swamy GK, Heine RP. Vaccinations for pregnant women.

trial. Lancet 2018; 392(10154): 1197-1206. https://doi.org/10.1016
/S0140-6736(18)31723-9

47 Paynter S, Ware RS, Sly PD, Weinstein P, Williams G. Respiratory
syncytial virus seasonality in tropical Australia. Australian and New

36 Leach AJ, Morris PS, Mathews JD. Compared to placebo, longterm antibiotics resolve otitis media with effusion (OME) and
prevent acute otitis media with perforation (AOMwiP) in a high-risk
population: a randomized controlled trial. BMC Pediatrics 2008; 8:
23. https://doi.org/10.1186/1471-2431-8-23 PMid:18513453
37 Binks MJ, Cheng AC, Smith-Vaughan H, Sloots T, Nissen M,
Whiley D, et al. Viral-bacterial co-infection in Australian Indigenous
children with acute otitis media. BMC Infectious Diseases 2011; 11:
161. https://doi.org/10.1186/1471-2334-11-161 PMid:21649905
38 Northern Territory Government. Department of Health. Royal
Darwin Hospital. 2018. Available: https://nt.gov.au/wellbeing
/hospitals-health-services/royal-darwin-hospital (Accessed 12 July
2019).
39 Northern Territory Government. Department of Health.
Teaching hospitals. 2017. Available: https://health.nt.gov.au
/professionals/medical-officers/teaching-hospitals/alice-springshospital (Accessed 3 December 2018).

Obstetrics and Gynecology 2015; 125(1): 212-226. https://doi.org
/10.1097/AOG.0000000000000581 PMid:25560127

Zealand Journal of Public Health 2015; 39(1): 8-10. https://doi.org
/10.1111/1753-6405.12347 PMid:25648729
48 Anders KL, Nguyen HL, Nguyen NM, Van Thuy NT, Hong Van
NT, Hieu NT, et al. Epidemiology and virology of acute respiratory
infections during the first year of life: a birth cohort study in
Vietnam. Pediatric Infectious Disease Journal 2015; 34(4): 361-370.
https://doi.org/10.1097/INF.0000000000000643 PMid:25674708
49 Ohuma EO, Okiro EA, Ochola R, Sande CJ, Cane PA, Medley GF,
et al. The natural history of respiratory syncytial virus in a birth
cohort: the influence of age and previous infection on reinfection
and disease. American Journal of Epidemiology 2012; 176(9):
794-802. https://doi.org/10.1093/aje/kws257 PMid:23059788
50 Moore HC, Blyth CC. Assessing the burden of respiratory
syncytial virus disease in Australia. Medical Journal of Australia
2019; 210(10): 444-445. https://doi.org/10.5694/mja2.50173
PMid:31111497

This PDF has been produced for your convenience. Always refer to the live site https://www.rrh.org.au/journal/article/5267 for the
Version of Record.

