
1

Perspective

December 2016; Vol. 26(5):e2651656
doi: http://dx.doi.org/10.17061/phrp2651656

www.phrp.com.au

Abstract
Mosquito-borne diseases caused by endemic pathogens such as Ross 
River, Barmah Forest and Murray Valley encephalitis viruses are an annual 
concern in New South Wales (NSW), Australia. More than a dozen mosquito 
species have been implicated in the transmission of these pathogens, with 
each mosquito occupying a specialised ecological niche that influences their 
habitat associations, host feeding preferences and the environmental drivers 
of their abundance. 

The NSW Arbovirus Surveillance and Mosquito Monitoring Program provides 
an early warning system for potential outbreaks of mosquito-borne disease 
by tracking annual activity of these mosquitoes and their associated 
pathogens. Although the program will effectively track changes in local 
mosquito populations that may increase with a changing climate, urbanisation 
and wetland rehabilitation, it will be less effective with current surveillance 
methodologies at detecting or monitoring changes in exotic mosquito threats, 
where different surveillance strategies need to be used. 

Exotic container-inhabiting mosquitoes such as Aedes aegypti and 
Ae. albopictus pose a threat to NSW because they are nuisance-biting 
pests and vectors of pathogens such as dengue, chikungunya and Zika 
viruses. International movement of humans and their belongings have spread 
these mosquitoes to many regions of the world. In recent years, these two 
mosquitoes have been detected by the Australian Government Department 
of Agriculture and Water Resources at local airports and seaports. To target 
the detection of these exotic mosquitoes, new trapping technologies and 
networks of surveillance locations are required. Additionally, incursions 
of these mosquitoes into urban areas of the state will require strategic 
responses to minimise substantial public health and economic burdens to 
local communities.

Introduction
Mosquito populations in New South Wales (NSW) pose a risk to human 
health. Mosquitoes are associated with a wide range of habitats, but relatively 
few species pose substantial health risks. Some species that bite humans 
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have been implicated in the transmission of pathogens 
including Ross River virus, Barmah Forest virus and 
Murray Valley encephalitis virus.1 

The most commonly reported mosquito-borne 
disease is caused by Ross River virus, and is an illness 
that is often debilitating, with symptoms persisting for 
many weeks to months. Outbreaks can be difficult to 
predict because of the complex relationships between 
climatic and environmental factors, the virus, mosquito 
vectors, reservoir hosts, and immunity levels in the 
human population.2 In the absence of broadscale 
mosquito control in NSW, promotion of personal 
protection measures by local health authorities, informed 
by surveillance of mosquitoes and mosquito-borne 
pathogens, is critical in reducing public health risks.3

Current mosquito and mosquito-
borne disease surveillance
The NSW Arbovirus Surveillance and Mosquito Monitoring 
Program (ASMMP) combines mosquito collection 
and testing with a sentinel chicken program to detect 
changes in the abundance of mosquitoes and activity of 
mosquito-borne viruses.4 The abundance of mosquitoes 
and presence of viruses inform decisions by local 
health authorities to release public health warnings and 
take other measures to promote personal protection 
against mosquitoes.3

Mosquitoes are collected on a weekly basis at 
multiple sites across the state between November and 
May each year using carbon dioxide–baited encephalitis 
virus surveillance (EVS) traps.5 These traps have been 
shown to be effective in measuring the abundance of a 
wide range of local mosquito species of public health 
importance.6 Although current ASMMP methodologies are 
optimised for the vectors and viruses currently present 
in NSW, the choice of trap type and surveillance network 
are not optimal to monitor incursions of exotic mosquitoes 
because of the different behaviours of these species.

The threat of exotic mosquitoes
Ae. aegypti and Ae. albopictus are nuisance-biting 
pests and vectors of dengue virus, chikungunya virus 
and Zika virus. These mosquitoes are currently not 
present in NSW.7,8 Monitoring for exotic mosquitoes is 
currently undertaken at first points of entry (i.e. airports 
and seaports with international arrivals) by the Australian 
Government Department of Agriculture and Water 
Resources (DAWR). As these mosquitoes are closely 
associated with water-holding containers, rather than 
wetlands, they pose a potentially significant risk to urban 
areas, where their establishment would significantly 
increase the threat of arboviral disease to the community.

Ae. aegypti was once present in NSW, including 
metropolitan Sydney, although the distribution of the 
species retracted after World War II. The last confirmed 

detection of Ae. aegypti outside airports or seaports 
was in 1948 and, although speculation has surrounded 
the factors contributing to retreat of the mosquito, a 
combination of social, economic and cultural factors is 
likely to be responsible.9 Local transmission of dengue 
virus occurred as far south as the NSW central coast. 
Apart from alpine regions, much of NSW may be able 
to sustain populations of Ae. aegypti, and the northern 
regions remain especially vulnerable to re-establishment.9 
There is also growing concern that insecticide 
resistance is developing in exotic mosquitoes, with 
the implication that controlling incursions may become 
increasingly difficult.10 

Of increasing concern is the threat that Ae. albopictus 
poses to NSW. This mosquito has never been established 
in NSW, but DAWR has detected them at a number of 
Australian airports and seaports in recent years (including 
at Sydney International Airport in 2016), indicating 
that pathways to introduction exist.8 This mosquito is 
more tolerant of cooler climates than Ae. aegypti and 
distribution modelling has indicated this species could 
become established in NSW.11 In addition to being a 
vector of mosquito-borne pathogens, Ae. albopictus is a 
severe nuisance-biting pest, and the economic costs of 
mosquito control are significant.12

Although there has not been a confirmed case 
of locally acquired dengue virus in NSW for almost 
80 years, imported cases of dengue virus13, as well as 
chikungunya virus and Zika virus, infection are reported 
each year, indicating that there is a pathway for infective 
individuals to trigger local outbreaks should populations 
of Ae. aegypti or Ae. albopictus become established. 

Strategic surveillance and 
response planning
As noted, current mosquito surveillance in NSW is 
less likely to detect the incursion of Ae. aegypti or 
Ae. albopictus, and a strategic surveillance and response 
plan is required.

Although the EVS traps currently used are effective in 
monitoring endemic mosquitoes, alternative technologies 
are required for exotic species. A range of traps targeting 
egg-laying mosquitoes (i.e. ovitraps) have been used 
for exotic mosquito monitoring8, but there is growing 
consensus that Biogents’ BG-Sentinel (BGS) traps are 
more sensitive at detecting exotic species.14 These 
commercially produced traps were specifically developed 
to target these exotic mosquitoes, which are primarily 
active during the day and are less likely to be detected by 
the EVS traps used in the ASMMP.15 As a consequence, 
any routine surveillance (e.g. in regions identified as 
being at high risk of exotic mosquito incursion), port 
detection response (e.g. enhanced surveillance around 
airports beyond the range of DAWR surveillance, 
prompted by the detection of exotic mosquitoes) or 
incursion detection (e.g. detection of exotic mosquitoes 
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outside a DAWR surveillance zone) should be based on 
the deployment of BGS as opposed to EVS traps. 

Surveillance networks will also differ along with 
trapping technologies. Although the ASMMP primarily 
targets wetland mosquitoes, with traps located between 
local human populations and nearby mosquito habitats, 
traps for exotic mosquito surveillance must be deployed 
within suburban areas. This shift in focus involves 
new operational challenges and a need for enhanced 
community engagement policies. 

An exotic mosquito incursion in NSW (i.e. detection 
outside of the port areas of DAWR responsibility) 
would require a multistakeholder response to ensure 
that populations of these mosquitoes do not become 
established. Establishing formal arrangements with all 
stakeholders with clearly defined roles and responsibilities 
for incursion response is critical in preventing the 
establishment of exotic mosquitoes in Australia.8 Such 
a response should be directed by the NSW Ministry of 
Health in cooperation with medical entomologists, local 
government, and other state and federal government 
agencies, notably the National Arbovirus and Malaria 
Advisory Committee (under the auspices of the Australian 
Government Department of Health). The response would 
include a range of site-specific mosquito surveillance 
strategies and a specialised mosquito control program.16 
Given the success of Queensland authorities in controlling 
populations of exotic mosquitoes, much could be learnt 
from their experiences.17

An integrated approach to the control of container-
inhabiting mosquitoes will be required, encompassing 
larval habitat reduction and targeted insecticide 
application. Door-to-door surveys of potential ‘backyard’ 
habitats will be required. A strong emphasis on 
community engagement is fundamental to achieve any 
success. Capacity building within local authorities to 
rapidly respond to incursions will be critical to reduce the 
risk of exotic mosquitoes becoming established. 

Summary
An ongoing annual threat to human health posed by 
endemic mosquitoes and mosquito-borne disease 
exists in NSW. Although much discussion centres on 
the influence of climate change in influencing future 
mosquito-borne disease threats, it is the global movement 
of humans and their belongings, and the international 
trade in goods that poses the greatest risk to NSW 
through the potential introduction of exotic mosquitoes. 
As evidenced by multiple detections at major ports 
around the nation, it is clear that pathways exist for the 
introduction of exotic mosquitoes, as well as exotic and 
mosquito-borne pathogens. Strategic surveillance and 
response planning is critical for NSW, and throughout 
Australia, and should define the roles and responsibilities 
of local authorities to minimise the potential for exotic 
mosquito establishment.
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