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Influence of weather on incidence of bronchiolitis in Australia 

and New Zealand 

Abstract 

Aim: We aimed to examine the impact of weather on hospital admissions with bronchiolitis in Australia and 

New Zealand.  

Methods: We collected data for inpatient admissions of infants aged 2 to 12 months to seven hospitals in 

four cities in Australia and New Zealand from 2009 until 2011. Correlation of hospital admissions with 

minimum daily temperature, wind speed, relative humidity and rainfall was examined using linear, Poisson 

and negative binomial regression analyses as well as general estimated equation models. To account for 

possible lag between exposure to weather and admission to hospital, analyses were conducted for time 

lags of zero to four weeks. 

Results: During the study period, 3876 patients were admitted to the study hospitals. Hospital admissions 

showed strong seasonality with peaks in wintertime, onset in autumn and offset in spring. The onset of 

peak incidence was preceded by a drop in temperature. Minimum temperature was inversely correlated 

with hospital admissions, whereas wind speed was directly correlated. These correlations were sustained 

for time lags of up to four weeks. Standardised correlation coefficients ranged from -0.14 to -0.54 for 

minimum temperature and 0.18 to 0.39 for wind speed. Relative humidity and rainfall showed no 

correlation with hospital admissions in our study. 

Conclusion: A decrease in temperature and increasing wind speed are associated with increasing incidence 

of bronchiolitis hospital admissions in Australia and New Zealand.  
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Learning Points 

What is already known on this topic: 1. Worldwide, bronchiolitis presents in seasonal epidemics. 2. There is 

conflicting evidence regarding the influence of weather on the incidence of bronchiolitis. 

What this paper adds: 1. In Australia and New Zealand, the bronchiolitis season mirrors the pattern seen in 

the Northern Hemisphere with onset in autumn, peak in summer and offset in autumn. 2. Temperature and 

wind speed correlate with the incidence of bronchiolitis hospital admissions. 
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Introduction 

Bronchiolitis is the leading cause of hospital admissions in children younger than one year in Europe1-3, 

North America4, Australia5, 6 and New Zealand7, 8. While incidence of hospital admission ranges from 6 to 72 

per 1000 live births per year in industrialised countries, it is closer to 200 per 1000 in remote indigenous 

populations in North America9 and Australia6. 

The most important infectious agent causing bronchiolitis is human respiratory syncytial virus (RSV) which 

can be isolated from 50-90% of children admitted to hospital with bronchiolitis10. An Australian study has 

demonstrated similar seasonal profiles of RSV notifications and hospital admissions with bronchiolitis11.  

A host of studies in diverse climatic environments have examined the seasonality of bronchiolitis. Most 

epidemiological studies report a peak incidence of RSV-induced bronchiolitis during winter months or “wet 

season” in temperate climates but there is marked regional and year-to-year variability in the time of onset 

and duration of the season12-15. In equatorial regions, RSV-related disease can be prevalent year-round. 

A review from 2002 summarised findings of some 60 studies examining seasonality in RSV infection16. This 

included only two older Australasian studies. The first one of those monitored RSV isolates in a paediatric 

hospital over five years17. For three years, RSV prevalence showed a seasonal pattern with onset in autumn, 

end in spring and mid-winter peaks. During two years, RSV was first detected in mid-summer, peaked in 

autumn and was present throughout most months of the year. The second paper demonstrated that the 

majority of RSV isolates from three Australian cities were obtained from April to September with a peak in 

July. However, no epidemiological data could be derived from this study as the investigation was focused 

on virological aspects18.  

A further study from subtropical Australia demonstrated seasonality of bronchiolitis peaking in March only 

for non-Aboriginal children, whereas Aboriginal and Torres-Strait Islander children were affected year-

round19. For New Zealand, viral surveillance also found the vast majority of isolates of RSV in winter with 

year-to-year variation in onset, offset and peak of incidence20. In central arid Australia, seasonality was less 

marked with hospital admissions throughout the year but more common in winter months21. The biggest 

Australasian study examining seasonality of hospital admissions with bronchiolitis in three large regions 

found decreasing seasonal variation with closer proximity to tropical zones22. 

Studies investigating the influence of weather parameters on onset and end of the RSV season are difficult 

to compare due to varying methodologies and definitions of RSV-related illness. They suggest that relative 

humidity and temperature are the most consistent parameters associated with peak incidence of RSV-

related illness.  
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We present the first study to examine the relationship between weather and incidence of bronchiolitis 

presentations to hospital in Australia and New Zealand. 

 

Methods 

Study subjects 

Data for this study were derived from two samples. A previous prospective multicentre study (CRIB) 

enrolled infants aged eight weeks to twelve months who were hospitalised in one of seven participating 

paediatric centres in Australia and New Zealand with bronchiolitis during 2009-1123. The primary aim of the 

CRIB study was to compare the efficacy and safety of nasogastric vs intravenous hydration. Due to logistical 

and economic reasons, recruitment was started and stopped at different times across study sites. 

Bronchiolitis presentations were monitored by site investigators; recruitment was commenced when there 

was a perceived increase in presentations and ceased when presentations waned. Recruitment for all study 

sites was terminated when the pre-determined number of subjects had been randomised. 

In this current study, we also included all patients who were prospectively identified for the CRIB study but 

who were missed or excluded. All patients aged 2-12 months (corrected for prematurity) admitted to one 

of the study hospitals from 2009 to 2011 with bronchiolitis were eligible. For the purposes of the study 

bronchiolitis was defined according to the American Academy of Pediatrics guidelines24 as symptoms and 

signs of respiratory distress (tachypnoea, recessions, nasal flaring, or cyanosis) associated with symptoms 

of a viral respiratory tract infection. 

Study sites were in different geographical regions (see Figure 1) and included Brisbane (Queensland), Perth 

(Western Australia), and Melbourne (Victoria) in Australia and Auckland in New Zealand. 

Data collection 

Demographic and medical patient data were entered on a standardised data collection form at the 

individual hospitals. Collated forms were sent to a central site (RCH Melbourne) and entered into an 

Epidata database (Epidata, Odense, Denmark).  

Weather data 

Weather data for 2009-2011 were obtained from the Australian Bureau of Meteorology and the 

Meteorological Service of New Zealand, respectively. For each participating site, the measuring station 
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closest to the participating hospital was selected. Mean daily relative humidity, wind speed and cumulative 

rainfall were calculated. Temperature was represented by minimal daily values, which were converted into 

weekly mean values. Weather data were entered into an Excel spreadsheet (Excel 2003, Microsoft, 

Redmond, USA).  

Statistical analysis 

Regression analysis was firstly performed using linear regression. As the number of admissions was a count 

variable, Poisson and negative binominal regression were further employed to verify the results. 

Considering the cluster effects of each hospital, general estimated equation models were also used in the 

analysis. Stata (Version 9, Statacorp, College Station, Texas, USA) and SPSS (Version 19, IBM Corp., Armonk, 

NY, USA) were utilised. In the regression analysis, different hospitals were included as a categorical 

confounding variable for the adjustment. P-values less than 0.05 were considered significant. 

To assess for the possibility of a delay between exposure to weather events and the development of 

bronchiolitis, correlation was computed with time lags of 0, 1, 2, 3 and 4 weeks. 

Ethics 

Ethics approval was sought and obtained through the research ethics committee at each site. As this was a 

retrospective observational study, consent for participation was waived.  

Results 

Study subjects 

During the study period, 3876 patients were admitted to the study hospitals. Median age was 6.3 months 

(IQR 4.1-8.7). 2387 (61.5%) patients were male. Median length of stay in hospital was 2.28 days. 

Nasopharyngeal aspirates were obtained from 2335 study subjects. Of these, 1089 (46.6%) tested positive 

for RSV. 

Weather data 

Data were collected from six weather stations over the 159 week study period. For one of the two 

Melbourne stations, wind speed and barometric pressure data were unavailable for 124 weeks. This 

resulted in a total of 31000 data points available for analysis.  
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Seasonality 

In all seven hospitals, hospital admissions with bronchiolitis showed strong seasonality with peaks in 

wintertime (Figure 2). Onset of bronchiolitis season ranged from early April to mid-June, offset ranged from 

mid-September to late-October. Variation from year to year was minimal for each individual site. 

Weather and incidence of hospital admissions 

The temperature/admission charts (Figure 2) suggest that the onset of peak incidence of hospital 

admissions was preceded by a drop in temperature. The peaks appear less marked in the subtropical 

climate of Brisbane. 

In the linear regression analysis, neither rainfall nor barometric pressure reached statistical significance. 

Correlation coefficients for relative humidity were less than 0.2 at all lag times. Minimum temperature and 

wind speed correlated significantly with hospital admissions with a time lag of up to four weeks (Table 1).  

Minimum temperature was negatively correlated with the number of hospital admissions (i.e. the lower the 

temperature, the more admissions) across all time lags, with largest effects at two weeks offset and smaller 

relative effects at three and four weeks offset. Wind speed correlated with admissions over all time lags.  

In the generalised estimated equation model, minimum temperature correlated significantly only to a time 

lag of 2 weeks. Wind speed reached significance at zero, one and three weeks of lag. 

The negative binomial regression model confirmed minimum temperature’s inverse correlation with the 

number of admissions over all lag times; and the positive correlation with wind speed over all time lags. 

Considering all three models in conjunction, minimum temperature and wind speed appeared to be the 

most convincing variables to explain variation in hospital admissions.  

Discussion 

This study is the first to directly examine the relationship between weather and the incidence of 

bronchiolitis hospital admissions in Australasia. As demonstrated in other geographical areas, our study 

shows a seasonal pattern typical for temperate climates with peaks of incidence in winter. Only minimum 

temperature and wind speed correlated with the incidence of bronchiolitis. For all contributing centres, the 

onset of the annual epidemic was preceded by a drop in temperature but there appeared to be no 

identifiable threshold predicting the onset of bronchiolitis season.  
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Although comparison is hampered by different methodologies, our data confirm previous findings that 

temperature correlates inversely with incidence of bronchiolitis25-37.  

Conversely, Chan et al. reported a positive correlation between temperature and hospital admissions with 

RSV-positive bronchiolitis in Hong Kong38. Two further studies examining temperature as a contributor to 

the incidence of bronchiolitis found no correlation34, 39. 

In addition to temperature, we found a positive correlation of wind speed and incidence of bronchiolitis. 

This was in keeping with three previous studies33, 35, 36. A further four studies found no correlation28, 31, 34, 39. 

In our study, there was no correlation between relative humidity and the incidence of bronchiolitis. Five 

previous studies found a positive correlation26, 28, 33, 34 compared to six reporting weak or no correlation25, 32, 

35, 38, 39.  

In conclusion, lower temperature seems to be the most consistent factor implicated in the annual 

epidemics of bronchiolitis in temperate climates. The question of what exactly lies behind this correlation 

allows for a number of theories.  

Firstly, lower temperatures could cause people to gather inside more and hence facilitate person-to-person 

transmission of the viruses causing bronchiolitis. However, increased rainfall could be expected to have a 

similar effect and this could not be demonstrated in our population. 

Secondly, lower temperatures could directly affect the survivability of viruses outside of infected hosts. RSV 

can be transmitted via fomites and in vitro viability of RSV correlates inversely with ambient temperature40, 
41. 

Thirdly, temperature could represent a proxy for other environmental factors that affect virulence of RSV. 

One in-vitro study showed that virus replication in infected human monocyte-derived dendritic cells 

followed the seasonal pattern of RSV epidemics and that replication can be stimulated by exogenous nitric 

oxide (NO), suggesting that environmental factors may trigger annual outbreaks42. Studies attempting to 

correlate air quality parameters with the incidence of bronchiolitis have produced conflicting results, but 

none used NO as a marker for air quality33, 43, 44.  

Lastly, temperature could directly affect host immunity and thereby increase susceptibility to infection. RSV 

carriage has been shown in asymptomatic adults with chronic obstructive pulmonary disease45 and children 

without respiratory symptoms46, thus suggesting that there is a human reservoir. Despite minimal antigenic 

shift, re-infection is common and allows the virus to remain in circulation47. Foxman et al. demonstrated 

that temperature affects immune response to rhinovirus in mouse airway cells48. In a similar manner and 

with RSV in perennial circulation, a drop in temperature could increase susceptibility for symptomatic 
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infection in a large number of individuals and thereby trigger the annual epidemic observed in our and 

other studies.  

Our study provides robust data to inform future studies exploring the link between temperature and the 

incidence of RSV bronchiolitis. 

Clinical relevance 

There is some evidence that day-to-day Emergency Department workload is predictable based on calendar 

variables49, 50. During winter months, bronchiolitis is a major contributor to the workload of emergency 

departments with a high volume of paediatric patients. As bronchiolitis is the leading cause of paediatric 

hospital admission, the same applies to paediatric inpatient services. In addition to calendar variables, 

innovative models of workforce and hospital activity planning could take into account the increased 

workload caused by the annual bronchiolitis epidemic if it was predictable. 

Limitations 

This study has several limitations. Recruitment for the study was not conducted all year and infants seen 

between the end of one bronchiolitis season and the beginning of the next season were excluded. 

Recruitment was started in April each year which included the peak presentation times for the previous 20 

years in the sites involved. Recruitment was stopped two weeks after site investigators noted a marked 

decrease in presentations. It is entirely possible that admissions which occurred during the periods of non-

recruitment would have had a significant impact on the findings of our study, had they been included in the 

analysis and it is not possible to account for this. Anecdotally, sporadic cases of bronchiolitis occur off-

season but the periods examined herewith likely represent a good approximation of the actual season. 

Data were derived from a cohort with clinically defined bronchiolitis, whereas virological data were not 

available for all patients. Of the 2335 study subjects who were tested for respiratory viruses, 1089 (46.6%) 

were positive for RSV. This suggests that extrapolation from our data to the subset of subjects with RSV-

related bronchiolitis is plausible. However, using only RSV as the measure of bronchiolitis ignores the many 

other viruses that cause the disease that may have different patterns of “activation”. Using the clinical 

disease allows us to begin to understand the factors associated with increased workload due to 

bronchiolitis. In addition, our study examined subjects who were admitted to hospital. This cohort 

represents the sicker end of the spectrum of infants affected by bronchiolitis, but does not directly reflect 

the incidence of bronchiolitis in the community.  
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Conclusion 

We have identified a drop in temperature and increasing wind speeds as the weather events that are most 

consistently associated with increasing incidence of bronchiolitis. These events could potentially be used to 

predict workforce needs. 
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Table 1: Linear regression analysis of weather variables and bronchiolitis admissions. Non-standardised 
correlation coefficients (B), 95% confidence intervals (95% CI), standardised correlation coefficients (Beta) 
and p-values over different lag times. 

 
Minimum temperature   Wind speed   

Lag B 95% CI Beta p-value  B 95% CI Beta p-value 

0 weeks -0.62 -0.75, -0.48 -0.37 <0.001  0.23 0.10, 0.36 0.23 <0.001 

1 week -0.58 -0.72, -0.43 -0.33 <0.001  0.36 0.23, 0.48 0.36 <0.001 

2 weeks -0.67 -0.75, -0.58 -0.54 <0.001  0.17 0.08, 0.27 0.18 <0.001 

3 weeks -0.34 -0.49, -0.20 -0.20 <0.001  0.38 0.24, 0.51 0.39 <0.001 

4 weeks -0.24 -0.39, -0.09 -0.14 <0.001  0.36 0.23, 0.50 0.37 <0.001 
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Figure legends 

Figure 1: Study site location and climate 

Figure 2: Admissions per week (light grey line) and weekly average minimum temperature (dark grey line). 

Admissions are combined for cities with more than one site. Light grey and dark grey background shading 

indicate periods of partial and no recruitment, respectively. Melbourne: Royal Children’s Hospital, Sunshine 

Hospital, Monash Medical Centre. Auckland: Starship Hospital, Kidz First Hospital 
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