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Ross River (RR) virus infection, or epidemic
polyarthritis, is a mosquito-borne disease
caused by an alphavirus, Ross River virus. It is
a debilitating and frequently persistent
disease characterised by arthritis, fever, rash,
and fatigue, and is the most prevalent vector-
borne disease in Australia, with thousands of
cases reported annually (Curran et al. 1997;
Mackenzie et al. 1994). A total of 53,347
laboratory confirmed cases were reported to
the Department of Health and Ageing over
the period 1991-2000 (Department of Health
and Ageing 2003). The economic cost of RR
virus infection was approximately $2,500 per
case, so that at a minimum tens of millions of
dollars are spent annually in direct and
indirect health costs nationally (Boughton
1994; Russell 2002). 

The virus has been isolated from 38
species of mosquito belonging to six genera,
and all of them are vectors of RR virus
(Russell 2002). On the northern coasts of
Australia, it is Aedes vigilax. On the south
and southwest coasts of Australia, Aedes
camptorhynchus is thought to be the main
vector. Both breeds of mosquito are tidal-
dependent. Culex annulirostris, which breeds
in vegetated semi-permanent and
permanent fresh water, is the major vector

in the inland tropics and temperate inland
regions of New South Wales and
Queensland that are subject to flooding or
irrigating during summer (Lindsay et al.
1993). Aedes notoscriptus may be important
in semi-rural and urban areas. The search for
reservoir hosts of RR virus does not link
infections in vertebrates with human disease
(Harley et al. 2001).

The disease is recorded as geographically
scattered cases throughout the year, but with
the preponderance of cases in the period
January to May, particularly in the tropics.
This distinctive seasonal pattern is largely
dependent upon the life cycle and habits of
the mosquitoes. Occasional severe outbreaks
have also been recorded in temperate
Australia following extensive summer
rainfall (Lindsay et al. 1993).

The transmission of many vector-borne
diseases has been linked to climatic
variables, particular rainfall, temperature
and high tide (Bi & Parton 2003; Lindsay et
al. 1993; Tong et al. 2002; Woodruff et al.
2002). Global warming might lead to a rise
in temperature and sea level and bring
changes to future precipitation, which may
impact on the development of the mosquito
and the virus, and could possibly lead to
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epidemics of vector-borne diseases
including RR virus infection. Therefore,
the implications of climate change for virus
transmission in this study is explored in the
coastal region of Queensland, where most of
the State’s cases occur (Tong et al. 2001).
The purpose is to estimate the quantitative
relationship between climate variation and
the transmission of the disease in the
coastal region of Queensland, to set up a
statistical model on the basis of the
empirical data, and to provide suggestions
for future health policy. 

Materials and Methods

Study sites and population
Queensland is the second largest state, but
has the largest habitable area in Australia.
Of the cases notified from all states and
territories each year, more than 60% of RR
virus infections in the past decade have
been in Queensland (Curran et al. 1997;
Russell 2002). It is located in the northeast
of Australia and covers about 1,727,000
km2, with 7,400 km mainland coastline.
Lying generally between 100 and 290 south
of the equator, it ranges from the temperate
and densely populated southeast to the
tropical, sparsely populated Cape York
Peninsula in the north. Queensland’s
population on the 30 June 2000 was
3,566,357 (Queensland Government 2004).

Based on weather forecast districts in
Queensland from the Australian Bureau of
Meteorology, six cities were selected as study
sites. Cairns and Townsville were from the
northern region of Queensland, Mackay and
Rockhampton from central Queensland,
and Bundaberg and Brisbane from the
southeast region (Figure 1). Their residents
over the period 1985-96 were treated as the
study population. 

Data collection
Notified cases of RR virus infection were
provided by the Queensland Department of
Health. Population data for the six selected
towns were provided by the Australian
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Bureau of Statistics. Climate data were
retrieved from the Australian Bureau of
Meteorology. 

In Australia, notifications are made to the
state or territory health authority under the
provisions of the public health legislation in
each jurisdiction. Notifications may be
required from treating clinicians, diagnostic
laboratories or hospitals. Computerised, 
de-identified unit records of notifications are
supplied to the Department of Health and
Ageing for collation, analysis and public-
ation. It is assumed that the quality of the
disease data is good and notified cases can
fairly represent real incidence of the diseases.

Data analysis
Data analysis was conducted with the
Statistical Package for the Social Sciences
(SPSS) (SPSS Inc. 2001). The monthly
incidence of RR virus infection in each
coastal city was treated as a dependent
variable, and the climatic variables such as
monthly mean maximum and minimum
temperatures, relative humidity, monthly
total amount of precipitation and monthly
mean high tide were independent variables.
Spearman’s correlation and regression
analyses were conducted between these
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variables. Since there might be auto-
correlation among both dependent and
independent variables over time, the
AutoRegressive Integrated Moving Average
(ARIMA) and Generalised Least Square
(GLS) regression analyses were preformed.
A model was developed after the effect of
auto-correlation had been removed by the
ARIMA procedures, and GLS regression
analysis was conducted to assess the
independent effects of each climatic variable
(Box & Jenkins 1976). 

Results

1. Seasonal changes of RR virus
infections in the coastal region of
Queensland over the study period.
Monthly variations of RR virus infection in
six coastal cities of Queensland, 1985-96
were examined, with most of the cases
occurred in autumn over the study period.
The peak month was in March in most of
the study locations.

2. Correlation analyses between
climatic variables and RR virus
infections.
Correlations between monthly incidence of
RR virus infection and climatic variables
were conducted in the coastal region of
Queensland, 1985-96. Table 1 shows that
there were significant correlations between
the monthly incidence of RR virus infection
and climatic variables in the coastal region
of Queensland, with a lagged effect of zero to
three months. The correlation coefficient
between the incidence of disease and
monthly mean minimum temperatures was
the largest.

3. Cross-correlation examination
among climatic variables (Table 2)
Cross-correlations among the climatic
variables in the coastal region of Queensland
were estimated. Table 2 shows that there
were strong correlations between monthly
mean maximum and minimum temper-
atures, and between relative humidity in the
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Table 1: Correlation between climatic
variables and monthly incidence of RR
virus infection in the coastal region of
Queensland, 1985-96

Coefficient P<

MaxT 0.42 (3) 0.000

MinT 0.47 (3) 0.000

Rain 0.22 (3) 0.000

3pmRH 0.33 (1) 0.000

9amRH 0.30 (0) 0.000

HT 0.34 (0) 0.000

MaxT=maximum temperature; MinT=minimum temperature;
3pmRH=relative humidity in the afternoon; 9amRH=relative
humidity in the morning; HT=high tide

The number in the bracket is the number of lagged months

Table 2: Inter-correlations among the
independent variables in the coastal
districts of Queensland, 1985-96

MaxT MinT 3pmRH 9amRH Rain HT 

MaxT 1.00

MinT 0.88 1.00

3pmRH 0.14 0.46 1.00

9amRH -0.06 0.23 0.77 1.00

Rain 0.21 0.37 0.49 0.47 1.00

HT 0.001 0.14 0.38 0.23 0.04 1.00

4. Regression analyses between
climatic variables and RR virus
infections (Table 3).
The relationships between the climatic
variables and the monthly incidence of RR
virus infection in the coastal region 
of Queensland, 1985-96 were examined,
using regression analyses. Table 3 shows
that temperatures, rainfall and high tides
could be possible contributors to the
transmission of RR virus infection in the
coastal region of Queensland. It seems that
minimum temperature played a more
important role than maximum temperature.
An increase of minimum temperature, and a
rise in sea level could influence the
development of the mosquitoes and the
virus within the mosquitoes. 

morning and in the afternoon. To avoid
multi-collinearity these pairs of variables
were separated in the regression analyses.



E n v i r o n m e n t a l  H e a l t h   Vo l .  4   N o .  2  2 0 0 4  91

Discussion
Arboviral diseases including RR virus
infection are among the most sensitive of all
diseases to climate and the environment
(Lindsay & Mackenzie 1996). Changes in
climate, including an increase in its
variability, may alter the ecology of these
viruses, leading to an increase in the activity
of vectors and impacting on the incidence
and distribution of mosquito-borne diseases.

Correlation analyses in this study showed
that monthly mean maximum and minimum
temperature, relative humidity, high tide and
monthly total amount of precipitation were
significantly correlated with monthly
incidences of RR virus infections in the
coastal region of Queensland, with a zero to
three-month lag effect. 

The lagged effect of climatic variables on
the incidence of RR virus infection is very
important. Such delays are consistent with
the development of mosquitoes and the
external period of incubation of RR virus
within mosquitoes and the incubation
period of the virus in the host. Hence, the
delay is biologically plausible. Both monthly
mean maximum temperature and monthly
mean minimum temperature are positively
correlated with monthly incidences of RR
virus infection. It seems that minimum
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Table 3: The relationship between
climatic variables and monthly incidence
o f RR virus infection in the coastal
districts of Queensland, 1985-96
Explanatory variables B SE P< 

Model 1

MinT (3)** ( °C) 0.0514 0.0083 0.000
HT (cm) 0.0093 0.0005 0.038
LograinP3*(mm) 0.0003 0.0002 0.050
Constant -5.8267 0.2134 0.000

R2=0.38

Model 2

MaxT (3) ( °C) 0.0465 0.0088 0.000
HT (cm) 0.0011 0.0005 0.012
LograinP3 (mm) 0.0005 0.0002 0.001
Constant -6.3597 .2824 0.000

R2=0.36

* Log transformation of rainfall, with a three month lagged effect

** Number in the bracket is the amount of lagged months which
was the largest correlation coefficient

temperature plays a more important role
than maximum temperature in the
transmission of the disease. The increase in
minimum temperature might be helpful in
maintaining the survival of mosquito larvae
during the winter period, with persistence
into late spring and summer. It might also
maintain the epidemic foci of the disease,
which is now recognised as one of the
predisposing factors to outbreaks of RR virus
infection in southwest Western Australia
(Lindsay & Mackenzie 1996). 

For mosquitoes that reach maturity, low
humidity and too high daily temperatures
(e.g., over 35°C) would ensure a high rate of
attrition. Under these conditions, fewer
adult females survive to take two or more
blood meals, decreasing the possibility of
infection with and subsequent transmission
of the virus. Also the very high temperatures
would restrict dispersal of vector species,
and reduce their ability to find vertebrate
hosts. Outbreaks of RR virus infection in
arid regions of Western Australia rarely
occurred during the hottest months of the
year (Lindsay & Mackenzie 1996). 

Total monthly precipitation was also
positively correlated with the monthly
incidence of RR virus infection in
Queensland over the study period, generally
with a two-month lagged effect. Quantity,
timing and pattern of rainfall would affect
the breeding of mosquitoes, especially fresh
water mosquitoes, then the incidence of the
disease could be affected in turn. 

Relative humidity had a significant
impact on the transmission of RR virus
infection in Queensland. High relative
humidity had a positive impact on the
breeding of mosquitoes, and therefore could
be considered as a contributing factor to the
occurrence of RR virus infection (Lindsay &
Mackenzie 1996).

Monthly mean high tides were positively
correlated with the incidence of RR virus
infection along the coastal region of
Queensland over the study period. Higher
tidal levels result in inundation of large
areas of salt marsh and provide ideal
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breeding sites for tidal-breeding mosquitoes
in summer. As a result, the population of
adult Aedes vigilax may have increased, as
soon as eight days after a series of spring
tides (Lindsay et al. 1993), and more RR
virus infections could have occurred. For
example, in an RR virus outbreak in south-
western Australia during the summer of
1988-89, a rise in sea-level of 5.5 cm, led to
more frequent and widespread inundation of
coastal saltmarshes in the region than is
normally recorded, which may increase the
populations of Aedes camptorhynchus
(Lindsay & Mackenzie 1996).

The characteristics that were observed
from the regression analysis follow: (a)
climatic variables acted on RR virus
infection through a 0-3 month lagged effect;
(b) minimum temperature seemed to play a
more important role in the transmission of
the disease than maximum temperature; and
(c) monthly mean high tides seemed to play
an important role in the transmission of the
disease.

It should be pointed out that there are
fresh and salt water breeding species
involved in the transmission of RR virus 
in Queensland. In this study, however,
they were not treated separately because
data were not available. But it should 
be remembered that they are from different
ecosystems and climatic variables and 
tidal differences might impact on them 
in different ways. This is a limitation of 
the study. 

It is clear that climatic variables are only
one set of contributors to the transmission
cycle of RR virus infection. The natural
cycle of the transmission of vector-borne
diseases, including RR virus infection, is
complicated and poorly understood. The
abundance of mosquitoes, biting habits and
vector competence are important factors for
transmission. Social factors, such as
economic status, housing conditions,
mosquito control measures, population
health education and health promotion,
population immunity and migration,
urbanisation and increased travel could all

affect transmission. Other environmental
factors could also contribute to and interact
with transmission. The low explanatory
ability of the regression analysis completed
within the current study tends to confirm
that there are other factors excluded from
the analysis that are important to RR virus
transmission. These data are not available
and this is also a limitation of the study. 

Another possible limitation of the study is
that there could be issues of ‘underreporting’
and ‘over reporting’ associated with clinical
familiarity, which could vary between
regions and larger cities and small towns. As
reported cases probably account for a
relatively small percentage of the total cases
of Ross River virus infection and the
clinical/subclinical ratio could be anything
between 1:2 and 1:30, reported infections in
humans provide limited data (Harley et al.
2001). This study only focused on reported
cases. Clearly a much more effective way of
monitoring the infection is necessary.

This study suggests that climate effects
might have contributed to RR virus
infection. According to the meteorological
record, Australian annual mean maximum
temperatures have risen 0.5°C and mean
minimum temperatures have risen 0.9°C
since 1900, and Australian annual mean
rainfall has increased by about 1% since
1890 (Torok & Nicholls 1996). By the year
2030, climate change will be expected to be
observed as an increase in Australia’s mean
temperature of 0.3-1.0°C along the north
coast, 0.3-1.4°C along the south coast, and
0.4-1.4°C inland. Average precipitation is
also likely to increase (CSIRO 1996). If
climate scenarios predicted by current
models do eventuate, it seems likely that
transmission of vector-borne disease,
including RR virus infection, will increase
due to the several reasons discussed above.
However, it is not yet possible to predict
with any precision the extent and
magnitude of the alteration in the disease
pattern (Lindsay & Mackenzie 1996;
McMichael 1996). The results of the current
study are supportive of the view that RR
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virus infection rates will be higher with an
increase in temperature and high tides in
coastal Queensland. An effective and well
coordinated surveillance and monitoring
system is very important, because it will
provide not only forewarning of outbreaks of
disease but also valuable information on
which to base public health decision
making. Computer models need to be
developed on the basis of in-depth research
to predict possible epidemic activity under
different environmental conditions, and as a
means of predicting future consequences of
environmental change (McMichael 1996;
Sutherst 1998). Choi et al. developed a
computer model in Southwestern Australia

and similar work needs to be done in 
the eastern coast of Australia (Choi et al.
2002). Mosquito control and health
education are essential for the prevention of
RR virus infection.

Conclusion
Climate variations might play a certain
role in RR virus infection in the coastal
region of Queensland and attention should
be paid to preventative measures, given
probable effects of global warming.
However, the transmission of mosquito-
borne diseases is complicated and many
factors need to be taken into account in
disease prediction and prevention.
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