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AbstrAct
Objective To determine the contribution of respiratory 
syncytial virus (RSV) to the subsequent development of 
severe asthma in different subgroups of children at risk of 
severe RSV disease.
settings The study was conducted in New South Wales 
(NSW), Australia.
Participants The study comprised all children born in 
NSW between 2000 and 2010 with complete follow-up 
till 31 December 2011. The cohort was divided into three 
subgroups: (1) non-Indigenous high-risk children: non-
Indigenous children born preterm or born with a low birth 
weight; (2) Indigenous children: children of mothers whose 
Indigenous status was recorded as Aboriginal and/or 
Torres Strait Islander and (3) non-Indigenous standard risk 
children: all other non-Indigenous term children.
Primary outcome measure Risk of development of 
severe asthma in different subgroups of children who had 
RSV hospitalisation in the first 2 years of life compared 
with those who did not.
Design We performed a retrospective cohort analysis 
using population-based linked administrative data. 
Extended Cox model was used to determine HR and 
95% CI around the HR for first asthma hospitalisation in 
different subgroups of children.
results The cohort comprised 847 516 children born 
between 2000 and 2010. In the adjusted Cox model, 
the HR of first asthma hospitalisation was higher and 
comparable across all subgroups of children who had RSV 
hospitalisation compared with those who did not. The HR 
(95% CI) was highest in children aged 2–3 years; 4.3 (95% 
CI 3.8 to 4.9) for high-risk, 4.0 (95% CI 3.3 to 4.8) for 
Indigenous and 3.9 (95% CI 3.7 to 4.1) for non-Indigenous 
standard risk children. This risk persisted beyond 7 years 
of age.
conclusion This large study confirms a comparable 
increased risk of first asthma hospitalisation following 
RSV disease in the first 2 years of life across different 
subgroups children at risk.

IntrODuctIOn
background
Globally, acute lower respiratory infections 
(ALRIs) are a major cause of childhood 
morbidity and mortality.1 Early life respiratory 
viral infections have been linked to the devel-
opment of subsequent asthma in children.2 
This link has been particularly highlighted 
for early respiratory syncytial virus (RSV) 
infection in children which continues to be 
the major viral cause of childhood ALRIs in 
the first 2 years of life.3 It has been proposed 
that severe RSV infection in early childhood is 
associated with impaired lung function which 
persists beyond childhood and increases risk 
of recurrent wheezing and asthma at a later 
age of life.4 5 Asthma symptoms associated 
with severe RSV illness in first year of life can 
even persist in early adulthood.6 In addition, 
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Research

strenghts and limitations of the study

 ► To our knowledge this is the first study to demonstrate 
increased risk of first asthma hospitalisation 
following severe respiratory syncytial virus (RSV) 
disease concurrently in different subgroups of high-
risk children at a population level.

 ► The study cohort comprised all children born in New 
South Wales between 2000 and 2010 which enabled 
us to determine the risk of asthma in different age 
groups extending beyond 7 years.

 ► This was an epidemiological study using linked 
administrative data and lacked information 
relating to factors like atopic predisposition and 
risk of subsequent asthma in this cohort, hence a 
causal association cannot be established for RSV 
hospitalisation.
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early RSV hospitalisation may also result in reduced lung 
function, even in the absence of asthma symptoms.6 
Although there is some evidence that severe RSV disease 
and allergic sensitisation may be linked via interleukin 
(IL)−13/IL-4 gene polymorphisms, severe RSV infection 
in early childhood is possibly a consequence rather than 
a cause of a predisposition to severe reversible airway 
diseases.7 8 

Objectives
Australia has a high prevalence of paediatric asthma 
compared with other developed countries.9 10 It is esti-
mated that 21% of Australian children aged 0–15 years 
have had a previous diagnosis of asthma, with 11% 
having a current diagnosis of asthma.11 In 2014, >13 000 
children aged 1–17 years presented to New South Wales 
(NSW) emergency departments for asthma, representing 
two-thirds of all hospital presentations across the state 
and yielding a significant burden on the healthcare 
system.12 The burden of RSV-associated lower respiratory 
tract infection (LRTI) is also very high in NSW, especially 
in children aged <2 years with an average annual direct 
healthcare cost of more than AUD 9 million in NSW 
alone.13 In addition, our previous study has demonstrated 
that the incidence of severe RSV disease was exception-
ally high among children who were born preterm or 
with bronchopulmonary dysplasia and Indigenous chil-
dren of NSW.13 It is, therefore, important to determine 
what, if any, contribution early severe RSV disease has on 
subsequent asthma hospitalisations in these subgroups of 
children at risk. While data exist on the high burden of 
RSV disease in these subgroups of children, to our knowl-
edge, no study has investigated the contribution of RSV 
to subsequent asthma risk in different high-risk paediatric 
populations simultaneously. Such information will be 
important to inform targeted public health interventions 
aimed to lower the burden of severe asthma in Australian 
children.

To address this knowledge gap, we conducted a retro-
spective population-based cohort study designed to inves-
tigate the role of early RSV ALRI on the subsequent risk 
of development of severe asthma in different subgroups 
of children at risk in NSW.

MethODs
study design
The study was a retrospective cohort analysis using linked 
population-based administrative data.

study site and study population
The study was conducted in NSW, Australia comprising 
all children who were born in NSW born between 2000–
2010 with complete follow-up till end of December 
31st2011. Each child was included from birth through the 
end of the follow-up period or in-hospital death, which-
ever was earlier. The birth cohort was divided into three 
subgroups:

1. Non-Indigenous high-risk children: Non-Indigenous 
children who (i) were born preterm (gestational age 
(GA) <37 weeks), (ii) were born at term with a birth 
weight of <2500 g.

2. Indigenous children: Children of mothers whose In-
digenous status was recorded as Aboriginal and/or 
Torres Strait Islander in any of the data sets were con-
sidered to be Indigenous, including any born preterm 
or born with low birth weight.

3. Non-Indigenous standard risk children: All other 
non-Indigenous term children.

Variables
Exposure variables
The main exposure variable of interest was any episode of 
RSV coded hospitalisation in the cohort child from birth 
to 2 years of age, the peak age group for RSV hospitalisa-
tions.13 The International Classification of Diseases, 10th 
edition (ICD-10) primary diagnostic codes were used to 
identify RSV hospitalisations. Any hospitalisation with 
primary diagnostic codes associated with RSV pneumonia 
(J12.1), acute RSV bronchitis (J20.5), acute RSV bronchi-
olitis (J21.0), unspecified ALRIs (J22), unspecified acute 
bronchitis (J20.9) and unspecified acute bronchiolitis 
(J21.9) identified during RSV season (April–September 
in NSW) were included as RSV hospitalisations.

Outcome variable
The outcome variable of interest was first episode of 
asthma hospitalisation beyond the age of 2 years until the 
end of follow-up. All hospitalisations with primary diag-
nostic codes associated with asthma (J45), predominantly 
allergic asthma (J45.0), non-allergic asthma (J45.1), 
mixed asthma (J45.8), asthma unspecified (J45.9) and 
status asthmaticus (J46) or wheeze (R0.62) were consid-
ered as asthma hospitalisations.

Confounders
Confounders included in the analysis were based on 
the published literature and included maternal and 
child factors.14 Maternal variables were age at birth of 
the cohort child, parity, smoking during pregnancy and 
index of socioeconomic disadvantage of the mother’s 
residential postcode at birth. Child factors included in 
the analyses were season of birth and sex of the child.

Data sources
The Centre for Health Record Linkage (CHeReL) 
(https://www. cherel. org. au) in NSW conducts linkage 
of various administrative health datasets for research 
purposes. CHeReL follows best practice probabilistic 
linkage15 to combine personal information to produce 
a person-based dataset using the NSW Perinatal Data 
Collection as the primary dataset to which all other 
datasets are linked. Each child was assigned a Patient 
Project Number and this was attached to the records in 
each source database. All other personal identifiers were 
removed from each of the datasets and the de-identified 
datasets with the unique identifier key were provided to 
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the study investigators. One of the study investigators 
(NH) combined records of the same child in the different 
data sets using the unique identifier key and undertook 
data cleansing.

The cohort was identified from the NSW Perinatal Data 
Collection in which all births in NSW are registered. Data 
relating to any episode of RSV and asthma in the cohort 
children were retrieved from the Admitted Patient Data 
Collection. This dataset also contained outcome of each 
hospitalisation including discharge status, death and 
need for transfer. The corresponding maternal, perinatal 
and sociodemographic factors for the cohort children 
were retrieved from the Perinatal Data Collection which 
was linked to the Admitted Patient data Collection. Socio-
economic disadvantage based on maternal post code of 
residence at the time of birth of the cohort child was 
measured using the Socioeconomic Index of Areas and 
Indices of Relative Socioeconomic Advantage and Disad-
vantage from the Australian Bureau of Statistics.16

bias
This was a large whole-of-population based cohort study 
based on almost complete data sets. Out of 1 264 943 
observations, there were 7432 (0.5%) observations with 
one or more variables missing which were excluded from 
the final analyses.

study size
This was a whole-of-population study including all chil-
dren born in NSW between 2000 and 2010 so we did not 
perform any sample size calculation for our study.

Quantitative variables
The maternal age at birth of the cohort child was divided 
into five age groups including <20 years, 20–24 years, 
25–29 years, 30–34 years and ≥35 years; age group 25–29 
years was considered as the referent group. IRSAD was 
divided into quintiles from least to most advantaged 
where level one was most disadvantaged and level five 
was most advantaged and level one was considered as the 
referent group.16

statistical analyses
This was a cohort study where children were followed 
from birth and the risk of subsequent first asthma hospi-
talisation beyond the age of 2 years was determined using 
hazard analyses taking age of the child at asthma hospi-
talisation as the relevant time to event. As the hazard of 
subsequent asthma hospitalisation was non-proportional 
violating the proportionality hazard assumption of stan-
dard Cox model, we used an extended Cox model with 
time varying covariate to account for the non-proportion-
ality. The age at asthma hospitalisation was split into 2–3 
years, 3–5 years, 5–7 years and >7 years age groups and 
the interaction between baseline RSV risk and subsequent 
asthma hospitalisation was examined for the different 
age groups. Separate models were constructed for each 
of the predefined subgroup of children. The final multi-
variable model was adjusted for all available confounders 

mentioned in the method section. We estimated the HR 
and the 95% CIs around the HR of first asthma hospi-
talisation after the age of 2 years for children with versus 
without any RSV hospitalisation in their first 2 years of life.

results
Profile of the cohort
The cohort comprised 847 516 children born between 
2000 and 2010. Of these, 437 034 (52%) were men and 
the mean age of the cohort at the end of the follow-up 
period was 73 months (SD ±42 months) (table 1). In total, 
31 831 (4%) cohort children had at least one episode of 
RSV hospitalisation before the age of 2 years, of which 
2405 (7.5%) also had an episode of asthma hospitalisa-
tion after the age of 2. The median age at first asthma 
hospitalisation was 3.2 years (IQR 2.5–4.4 years).

hazard for asthma hospitalisation
In the adjusted multivariable Cox hazard model, the 
hazard of first asthma hospitalisation persisted to be 
double beyond the age of 7 years for children who were 
hospitalised with RSV in the first 2 years of life compared 
with those who were not (table 2). The adjusted HR 
for first asthma hospitalisation was highest for children 
between the ages 2 and 3 years. The adjusted HR at ages 
2–3 years for non-Indigenous standard risk children was 
3.9 (95% CI 3.7 to 4.1), for high-risk children was 4.3 
(95% CI 3.8 to 4.9) and for Indigenous children was 4.0 
(95% CI 3.3 to 4.8). The risk of asthma hospitalisation 
at different ages was comparable across the different 
subgroups of children.

DIscussIOn
To our knowledge this is the first study to demonstrate 
increased risk of first asthma hospitalisation following 
severe RSV disease in different subgroups of high-risk 
children concurrently. Our findings, based on a very 
large population cohort of children followed up to 11 
years of age, suggest that different subgroups of high-
risk children, who developed RSV disease within the first 
2 years of life continue to be at elevated risk of first asthma 
hospitalisation beyond the age of 7 years. The HR of first 
asthma hospitalisation was similar across all subgroups of 
children with the HR being four times higher at ages 2–3 
years. Although premature children and Indigenous chil-
dren aged <2 years are at almost 10 times higher risk of 
acquiring severe RSV disease compared with standard risk 
children,13 the similar hazard of subsequent asthma hospi-
talisation across different subgroups of children suggest 
that RSV might be the strongest predictor for developing 
subsequent severe childhood asthma. Thus, RSV might 
not only be the main aetiology for acute respiratory 
illness but also be an important contributor to chronic 
respiratory morbidity in children suggesting that inter-
ventions/therapies to prevent early severe RSV disease 
will help reduce the burden of subsequent paediatric 
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Table 1 Perinatal and sociodemographic characteristics of cohort children born in NSW between 2000 and 2010

N=847 516

Exposures

Children with RSV hospitalisation in the 
first 2 years of life

Children without any RSV 
hospitalisation in the first 2 years of 

life

n=31 831 n=815 685

n (%)

Maternal age (years)

  <20 2102 (6) 32 088 (4)

  20–24 6342 (19) 113 813 (14)

  25–29 9022 (28) 227 139 (28)

  30–34 9081 (28) 270 626 (33)

  ≥35 5284 (17) 172 019 (21)

  Maternal smoking during pregnancy 8178 (26) 112 584 (14)

  Multiparity of the mother 23 211 (73) 470 574 (58)

IRSAD

  1 (most disadvantaged) 4032 (13) 78 280 (10)

  2 4941 (15) 101 577 (12)

  3 8405 (26) 189 507 (23)

  4 7906 (25) 208 681 (26)

  5 (most advantaged) 6512 (20) 239 566 (29)

  Male sex of the baby 18 799 (59) 397 005 (49)

Season of birth

  Summer 8121 (26) 195 652 (24)

  Autumn 10 470 (33) 198 355 (24)

  Winter 7193 (23) 207 579 (25)

  Spring 6047 (19) 214 099 (26)

  High-risk children 4902 (15) 60 637 (7)

  Indigenous children 2960 (9) 26 732 (3)

  Non-Indigenous standard risk 
children

26 172 (82) 741 025 (91)

  Asthma hospitalisation beyond age 
of 2 years

2405 (7.5) 19 974 (2)

IRSAD, Indices of Relative Socioeconomic Advantage and Disadvantage; NSW, New South Wales.

asthma/wheeze. While there are no effective antivirals 
or vaccines against RSV disease, at present, there is an 
effective anti-RSV monoclonal antibody (palivizumab) 
which can prevent severe RSV disease in high-risk infants 
including those born preterm and with chronic lung and 
heart conditions.17 18 Studies have shown that palivizumab 
can also prevent subsequent recurrent wheeze in preterm 
children.19 20 However, use of palivizumab remains limited 
in Australia and there is no standardised national guide-
line. Considering the potential beneficial effect of palivi-
zumab on severe RSV diseases and subsequent recurrent 
wheeze in children, there is a need for revisiting its effec-
tiveness and standardising guidelines with inclusion of 
Indigenous children as high-risk.

The risk of first asthma hospitalisation in our cohort 
children who had severe RSV disease leading to 

hospitalisation in their first 2 years of life was significantly 
higher across all the age strata. It is possible that many 
of the first asthma hospitalisation within ages 2–3 and 
3–5 years in our analysis may have been due to recurrent 
wheeze. Indeed diagnosis of asthma in children aged <5 
years is challenging. The Global Initiative for Asthma 
guideline suggest that symptoms including frequent 
episodes of wheeze, activity-induced cough or wheeze, 
nocturnal cough without viral infections in periods which 
persist beyond 3 years of age are suggestive of asthma in 
children <5 years of age.21 In addition, RSV disease has 
been associated with increased risk of persistent wheezing 
in children.5 22 However, the risk of first asthma hospital-
isation in this cohort was also significantly higher at ages 
5–7 years and beyond 7 years of age. Another longitudinal 
study done in the UK had also reported that the odds 
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Table 2 HR for first asthma hospitalisation beyond the age of 2 years in different subgroups of children who had severe RSV 
disease in the first 2 years of life compared with those who did not: NSW 2000–2010

Age at first asthma 
hospitalisation (years)

Non-Indigenous standard risk 
children High-risk children Indigenous children

Adjusted HR 
(95% CI)

Unadjusted HR 
(95% CI)

Adjusted HR 
(95% CI)

Unadjusted HR 
(95% CI)

Adjusted HR 
(95% CI)

UnAdjusted 
HR (95% CI)

2–3 4.1
(3.9 to 4.4)

3.9
(3.7 to 4.1)

4.7
(4.2 to 5.3)

4.5
(4.0 to 5.1)

4.1
(3.4 to 4.9)

4.0
(3.3 to 4.8)

3–5 3.0
(2.9 to 3.2)

2.8
(2.7 to 3.0)

3.1
(2.7 to 3.5)

3.0
(2.7 to 3.4)

2.2
(1.8 to 2.7)

2.2
(1.8 to 2.6)

5–7 2.4
(2.2 to 2.7)

2.3
(2.1 to 2.5)

2.6
(2.1 to 3.2)

2.6
(2.1 to 3.2)

2.6
(1.9 to 3.4)

2.5
(1.9 to 3.3)

>7 2.8
(2.4 to 3.2)

2.6
(2.3 to 3.0)

3.5
(2.7 to 4.5)

3.4
(2.6 to 4.3)

2.0
(1.4 to 3.1)

1.9
(1.2 to 2.9)

*HR after adjusting for mother’s age at birth of the cohort child, parity, maternal smoking during pregnancy, index of socioeconomic 
disadvantage of the mother’s residential postcode at birth, season of birth and sex of the child.
NSW, New South Wales; RSV, respiratory syncytial virus.

of doctors diagnosed asthma beyond the age of 7 was 
double for children who had RSV hospitalisation in the 
first year of life compared with the those who did not.22 
Other studies have also noted that risk of subsequent 
asthma following early RSV illness can persist until 11 
years of age5 and even in adulthood.6 It is believed that 
early severe lower RSV infection may cause airway remod-
elling and impair development of the growing lung which 
persists in later life.23 Even mild RSV disease may lead to 
residual impaired lung function in children up to the age 
of 13 years.5

An important limitation of the study is that our expo-
sure and outcome variables of interest were coded RSV 
and asthma hospitalisations; it is possible that some 
hospitalisations were misclassified because routine labo-
ratory confirmation of RSV may not be a standard clinical 
practice in some hospitals and the diagnosis of asthma 
in younger children is a challenge. This was a popula-
tion-based study using administrative data where diag-
nosis of diseases was based on ICD codes and any possible 
error with the coding system was beyond our control. We 
considered all unspecified episodes of bronchiolitis and 
bronchitis identified during RSV season which may have 
led to overestimation or underestimation (as laboratory 
confirmation of RSV diseases is not necessarily a standard 
clinical practice) of the effect. However, our previous 
analysis13 suggests that all-cause-associated ALRI-coded 
hospitalisations in children aged <2 years during the 
RSV season follows a similar trend as RSV coded hospi-
talisation and RSV notification data which suggests that 
most paediatric ALRI hospitalisations during the RSV 
season are likely due to RSV. We did not have access to 
any information regarding atopic predisposition of chil-
dren; it is likely that many children hospitalised with 
asthma were atopic. If early severe RSV disease is also 
a manifestation of atopic predisposition, it is possible 
that the observed relationship between RSV and asthma 
is not causal. However, other studies suggest that the 

association between asthma and RSV is independent of 
atopic history.24 25 As this was an epidemiological study, 
causality of the association between RSV and asthma 
cannot be confirmed, but the findings are comparable to 
other studies adding to the body of evidence that a strong 
association exists. We did not have access to ambulatory 
care data so could not assess the association between less 
severe forms of RSV infection and asthma not requiring 
hospitalisation. In our cohort, there were only 335 hospi-
talisations coded as associated with any other viral ALRI 
in the first 2 years of life, compared with 31 831 RSV-asso-
ciated ALRI hospitalisations; we therefore did not inves-
tigate association between other virus-specific ALRI and 
asthma. This work compliments the apparent association 
between RSV disease with the subsequent development of 
asthma,5 while infections with other viruses like rhino and 
influenza viruses26 are more clearly associated with exac-
erbations of asthma. In addition, even if any association 
exist, their contribution to asthma is likely to be compar-
atively small.

Our study confirms that hospitalisation for severe RSV 
disease in the first 2 years of life is associated with the 
subsequent hospitalisation for first episode of asthma 
hospitalisation in Australian children. While there are 
currently no effective antivirals or vaccines targeting RSV, 
several vaccines are being evaluated in clinical trials.27 
Once an effective vaccine becomes available, long-term 
follow-up of children to evaluate the impact on subse-
quent asthma development will help define the causal 
pathway of RSV and asthma, particularly in the high-risk 
groups. Meanwhile, more conservative preventive strate-
gies such as frequent hand washing28 targeted to prevent 
transmission of RSV disease may also have the added 
benefit of reducing the burden of asthma in children.
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