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Summary
The Torres Strait has long been recognised as a ‘biological bridge’ between Papua New Guinea
and mainland Australia, where for millions of years species of plants and animals have moved
between the two continents (Galloway and Loffler 1972). Currently, there is concern over the
vulnerability of Torres Strait communities to emerging infectious diseases and the potential for
disease movement across the islands to the mainland.
This report addresses the emerging infectious disease threat to the Torres Strait Islands and
mainland Australia. We review the past and current research into mosquito-borne vectors, and
their role in past disease outbreaks. The threat of new vectors and diseases is examined and we
describe the vector-disease dispersal models that have been developed for the region. Finally, we
discuss the implications for continued vector management and surveillance in the region.
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1 Introduction
There is growing global concern over the potential for emerging infectious diseases to have
greater impacts on human and wildlife health (Taylor et al. 2001, Jones et al. 2008). With
international travel, emerging infectious diseases can be detected anywhere on earth, but it is
frontier tropical countries which are considered hotspots for disease emergence (Jones et al.
2008). There are a number of reasons why this is the case, including changes in human land-use
causing novel interactions between vectors, diseases and hosts, particularly in tropical regions
where so many species co-exist. Furthermore, in frontier regions there are in general limited
medical facilities and low levels of infection reporting and disease surveillance.
An understanding of disease emergence threats encompasses a range of research disciplines,
including: vector biology and ecology, host-vector-pathogen interactions and pathogen
prevalence and transmission. While we cannot predict with certainty which new diseases will
emerge in a region, we can gain important knowledge of the presence and distribution of
disease vectors (such as mosquitoes) and hosts in the environment, and keep track of disease
outbreaks on our borders.
Here, we review mosquito and disease research undertaken across the Torres Strait and consider
the risks of emerging infectious diseases in the region. The Torres Strait island archipelago
consists of two hundred continental, volcanic and coral islands; sand cays, islets and coral reefs;
situated between the northernmost point of Australia and the south-western coast of Papua
New Guinea (Fig. 1). Human occupancy of the larger islands dates back 2500 to 3800 years ago
(Carter 2001, David et al. 2004, McNiven et al. 2006) and at present 17 of these islands are
permanently inhabited (Lawrence and Lawrence 2004) with approximately 7500 permanent
residents (Hanna et al. 2006).

Figure 1: Map of the islands of the Torres Strait (Preston-Thomas et al. 2012).
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Once an area becomes occupied by humans, it is inevitable that land-use, land-cover and
landscape changes occur as natural environments are modified to support human populations
(Ingold 1993, McNiven et al. 2006). The islands of the Torres Strait were no exception (Harris
1977) with early land use changes consisting of burning and clearing vegetation for cultivation
(Haddon 1912, Harris 1977). Some islands, like Badu and Moa have been subjected to annual
burning for thousands of years (Harris 1977, Rowe 2006, Rowe 2007). Landscape alterations
were also caused by the introduction of exotic plants (e.g. yam, taro, bananas) and animals (e.g.
dogs, pigs, and chickens) (Haddon 1912, Harris 1977, Abbott 1979, Swadling et al. 1996,
Neldner 1998, McNiven 2006).
Such environmental changes not only damage original habitats and alter ecosystem functions
but they can also change interactions between vectors, hosts and pathogens (Williams 2012).
The consequences can result in the rise and emergence of infectious diseases. For example the
emergence or re-emergence of mosquito-borne diseases such as malaria and yellow fever in
South America and Africa, and dengue in South-East Asia and Australia (Walsh et al. 1993,
Morse 1995, Patz et al. 2000, Vasconcelos et al. 2001, Reisen 2010) has been facilitated by
human land-use activities.
Our previous research in the Cairns region demonstrated that while land use may increase vector
densities it can also decrease wildlife-host populations and lower disease transmission cycles
(Hilbert and Laurance 2011). We found that mosquito communities differed in degraded
grasslands compared to adjacent rainforest habitats, with greater numbers of human-loving
mosquitoes (and potential disease vectors) in the grasslands (Meyer Steiger et al. 2012).
Although vector abundance and ecology has a primary role in disease dynamics, disease
densities in host populations are also crucial to their transmission. In a study of avian malaria in
rainforest birds, Laurance et al. (2013) found that the population density of hosts rather than
vectors predicted disease prevalence in bird communities. Our research is demonstrating that
disease outbreaks require both competent vectors and an appropriate density of infected hosts
to maintain and cycle a disease within a population (Laurance et al. 2013).

2 Mosquito-vectored diseases detected in the
Torres Strait
In the Torres Strait, mosquito species involved in the transmission of diseases, especially in
relation to dengue, Japanese encephalitis, and malaria, have been studied for short intensive
periods since the 1980’s. Mosquitoes were predominantly trapped in or near communities. None
of these studies, to our knowledge, have examined the mosquito community composition in the
natural vegetation away from human communities. This is the aim of the current National
Environment Research Program, Project 11.2 Disease Dynamics across the Torres Strait (Laurance
2011).
The incidence of mosquito-borne diseases in Australia is reported to the National Notifiable
Diseases Surveillance System (NNDSS). The Department of Health and Aging
(http://www.health.gov.au/cdna) then publishes quarterly and yearly reports in Communicable
Diseases Intelligence, which is openly accessible for anyone. For example, in 2010-11, there
were 9,291 cases of mosquito-borne diseases reported to the NNDSS. Most (81%) cases were
attributed to Ross River and Barmah Forest viruses followed by dengue and malaria (Fig. 2; Note
that chikugunya and malaria infections were not contracted within Australia, but overseas).
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Figure 2: The incidence of mosquito-borne diseases in Australia for 2010–11;
symbols represent RRV=Ross River Virus, BFV=Barmah Forest Virus, DENV=Dengue
Virus, CHKV=Chikungunya Virus. Data compiled from Knope et al. 2013.

2.1 Japanese Encephalitis Virus
Japanese encephalitis virus is an important source of encephalitis in eastern and southern Asia
(Fig. 3). It is the most pervasive member of the Japanese encephalitis serological complex which
also includes Murray Valley encephalitis and West Nile viruses (Paterson et al 2011). Worldwide,
175,000 human infections are reported annually and 10,000 deaths, with children and elderly
most at risk (Tsai 2000, van den Hurk et al. 2009). Fortunately, disease outbreaks in humans can
now be avoided with the introduction of a vaccination program.

Figure 3: Distribution of Japanese encephalitis virus (van den Hurk 2009).
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Japanese encephalitis virus is predominantly a disease of rural environments. The primary disease
hosts are pigs and wading birds with mosquitoes being the main vector. Humans and horses can
develop encephalitis but they are considered incidental or dead-end hosts, which means the
virus is not amplified to the extent that it can be transmitted to another host (van den Hurk et al.
2008). In the Torres Strait, the main mosquito species that can vector the disease is Culex
annulirostris (Ritchie et al. 1997) although other species (e.g. Culex sitiens, Culex gelidus) may
also be involved in transmission (Johansen et al. 2000, Johansen et al. 2001, van den Hurk et al.
2001).
After the initial outbreak of Japanese encephalitis on Badu, disease surveillance was undertaken
in the Torres Strait and Cape York in April-May 1995 (Hanna et al. 1995). Blood samples from
1242 people and 182 pigs were collected. In total 55 people and 63 pigs showed positive
detection for the virus - all from the outer islands. There was no detection from the inner islands
and Cape York (Table 1.) The first fatal cases of Japanese encephalitis virus in Australia occurred
on Badu island in 1995 (Hanna et al. 1995, Hanna et al. 1996).

Table 1: Japanese encephalitis virus infection in people and pigs in the Torres Strait and Cape York in
April-May 1995 from blood sampling (from Hanna et al. 1995).

A sentinel pig program was implemented after the outbreaks in order to monitor disease activity
and prevalence across the Torres Strait. This program ran from 1997-1998, initially on Badu,
Boigu, Mabuiag, Moa and Sabai and then extended to include Erub, Ugar, Warraber and Kiriri
when extensive JE virus activity was identified on these islands (Hanna et al 1999). The results
found that except for Warraber Island almost all pigs showed indications of JEV infections
(Hanna et al 1999).
After the 1998 outbreak on Badu, pigs were removed from the community to a piggery ca. 2.5
km away (van den Hurk et al. 2008, Hall-Mendelin et al. 2012). A study of mosquitoes
(principally Culex annulirostris) feeding behaviour on Badu in 2003, found that mosquitoes
feeding on pigs could be detected up to 1.2 km from the piggery, whereas dogs were the main
food source in the community and horses at the rubbish tip (Hall-Mendelin et al. 2012). Since
the principal vector of Japanese encephalitis can disperse up to 12 km (Bryan et al. 1992) it has
been suggested that the piggeries should be moved further away from communities (van den
Hurk et al. 2008).
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From 1995 to 2006, Japanese encephalitis has been present in either sentinel pigs or in captured
mosquitoes nearly every year in the Torres Strait (Ritchie et al. 2007). A DNA study suggests that
the virus most likely originated from the Western Province of Papua New Guinea (Johansen et al.
2000). Strong winds were the most likely explanation for the transportation of infected
mosquitoes from Papua New Guinea to the Torres Strait (Hanna et al. 1996, Ritchie and
Rochester 2001). Currently, the risk of human cases of JE in the Torres is nearly eliminated by
vaccination.

2.2 Dengue
Over the last 40 years dengue has expanded and spread rapidly around the world (Fig. 4).
Annually, an estimated 400 million infections occur worldwide, making it one of the most
important mosquito-vectored diseases (Bhatt et al. 2013). In Australia, dengue had been absent
for 26 years, when in 1981 new outbreaks occurred in Cairns and on the islands of Waiben,
Masig, Iama and Badu in the Torres Strait (Kay et al. 1984). Further outbreaks occurred in 19961997 (Fig. 5) and in 2003-2004 (Hanna et al. 1998, Hanna et al. 2006). In the 2004 outbreaks,
two Torres Strait Island residents died from complications of severe dengue haemorrhagic fever
(McBride 2005), a complication of the disease that causes up to 20,000 deaths per year. The
seasonal pattern in dengue outbreaks in Australia suggest the disease is not endemic but that
annual infections occur when infected people visit and are bitten by local mosquitoes
(Queensland Health 2005).

Figure 4: The spread of four dengue virus serotypes over a 24-year period (Mackenzie et al. 2004).

The main global vector for dengue transmission is the mosquito species Aedes aegypti, which
has largely disappeared from much of the outer islands of the Torres Strait since 2005. One
explanation for the apparent decline in A. aeygypti is that it has been displaced by another,
more recent mosquito invader called the Asian tiger mosquito (A. albopictus) which is a
competent vector of dengue (Ritchie et al. 2006, Ritchie 2009) along with A. scutellaris, which is
also present in the Torres Strait. Humans act as dengue hosts and can transmit to other humans
via mosquito vectors. It is possible that only one single infected person moving from Daru in
Papua New Guinea to Mer in the Torres Strait resulted in an outbreak in 1996-97 (Fig. 5.).
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Figure 5: The transmission of dengue in the Torres Strait
during the 1996-1997 outbreak (Hanna et al. 1998).

In the Torres Strait, most entomological studies on dengue vectors employ the sampling of larval
habitats (Kay et al. 1984, Brown et al. 1992, Hanna et al. 1996, Ritchie et al. 2006).
Predominantly, the sampling involves collecting water from discarded objects (rubbish) that hold
water and searching for mosquito larvae. Sampling sites include plastic containers, buckets,
older tyres, flowerpot bases, roof gutters and rainwater tanks. Rainwater tanks are important
egg-laying sites for mosquitoes that can breed in containers such as Aedes scutellaris and Culex
quinquefasciatus (Ritchie et al 2002).
As there have been no dengue cases for the past few years in the Torres Strait there is no
ongoing surveillance program. If a dengue case is reported the Cairns-based Dengue Action
Response Team (DART) will respond (pers. comm. O. Muzari) from Queensland Government
Tropical Public Health Services in Cairns. Environmental Health Workers of the Torres Strait
Island Regional Council (TSIRC) are responsible for mobilising communities to control
mosquitoes and eliminate mosquito breeding habitat.

2.3 Malaria
Globally in 2012, there were an estimated 207 million cases of malaria with 627 000 deaths
(WHO 2013). In Australia, endemic malaria was declared absent in 1981 (WHO 1983), but
malaria gets imported from Papua New Guinea to the Torres Strait islands. Locally-acquired
malaria also occurs sporadically (Merritt et al. 1998, Harley et al. 2001) and in 2011 outbreaks
were declared on the islands of Saibai and Dauan (Preston-Thomas et al. 2012). The main
mosquito vectors responsible for the transmission of malaria in the Torres Strait are the members
of the Anopheles farauti complex (Mackerras 1947), but most other Anopheles spp. are also
capable of transmitting malaria (Lee and Woodhill 1944, Mackerras 1947). Humans are hosts to
five malaria parasites (Plasmodium falciparum, P. vivax, P. ovale, P. malariae, P. knowlesi). P.
falciparum and P. vivax are most common globally. P. ovale is endemic only in tropical West
Africa though is occasionally found in southeast Asia and Oceania. P. knowlesi occurs in
rainforests in southeast Asia, particularly in Malaysian Borneo (WHO 2013).
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Malaria research in the Torres Strait has mostly been clinical case or patient studies. The data
have been generated from hospitalization data and the National Notifiable Disease Surveillance
System (NNDSS) (Liu et al. 2006). While no studies have explored how the potential vectors are
distributed across island habitats, two studies on several islands by Booth (1988) and Foley et al.
(1991) captured mosquitoes with Encephalitis Virus Surveillance Traps (EVS baited with dry ice)
which were set up near or inside buildings on several islands. These studies detected five
Anopheles species (An. farauti, An. hilli, An. bancroftii, An. meraukensis, An. annulipes and An.
novaguinensis). Foley et al. (1991) also collected larvae from swamps, mainly An. farauti, An. hilli
and An. bancroftii; and adult mosquitoes with aspirators from humans, both indoors and
outdoors. With the exception of An. novaguinensis the same species were collected as in the
EVS traps.
In 2012, a survey for Anopheles spp. by Queensland Health was carried out on Saibai. All nightbiting collections inside and outside; and downstairs and upstairs (e.g. balcony) of buildings
were performed using humans as baits. Both An. farauti and An. hilli species preferred to take
bloodmeals outside and at ground level rather than inside and upstairs of buildings. Adult
mosquitoes were captured with CO2-baited CDC light traps at three sites within 10 m and 500
m from human habitation. Considerably more An. farauti were caught than An. hilli and more
mosquitoes were captured close to houses; however large amounts of Anopheles spp. were still
trapped 500m away from houses.

2.4 Ross River Fever and Barmah Forest Virus
Ross River Fever and Barmah Forest virus are the two most common mosquito-vectored illnesses
in Australia (Queensland Health 2011). Fortunately for the Torres Strait islands, the main hosts
for Ross River virus – kangaroos, wallabies, brushtail possums - are not present, whereas the
principal mosquito vectors are common: Culex annulirostris, Aedes vigilax (salt marsh mosquito)
and Aedes notoscriptus. Humans infected with Ross River Fever cannot infect mosquitoes, but
humans infected with Barmah forest can act as hosts and lead to other human infections. In
2013, Queensland Health surveillance at Badu Island had a positive detection for a mosquito
infected with Ross River virus (Keith Rickart pers. comm., Queensland Health), indicating that
there is still a small risk of RRV transmission on the island.

3 Emerging Infectious Diseases and risks to the
Torres Strait
3.1 Arrival of New Disease Vectors
The introduction of new mosquito vectors is one of the primary drivers of emerging infectious
disease outbreaks. Exotic mosquito species can be introduced in four main ways: 1) windassisted flight or windblown (Ritchie and Rochester 2001), 2) active flight, 3) in goods such as
tyres which can harbour eggs or larvae (Reiter and Sprenger 1987), and 4) transported in boats
and planes (Mitchell et al. 1993).
The Asian tiger mosquito (Aedes albopictus) is a native species of southeast Asia and despite
nearby populations in Papua New Guinea appears to have colonised the Torres Strait islands and
the Fly River in Papua New Guinea from Indonesia in the early 2000’s (Fig. 6; Beebe et al 2013).
By 2005, A. albopictus occurred on 10 of the 17 inhabited islands (Ritchie et al. 2006) and had
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been intercepted in the mainland ports of Darwin, Cairns, Townsville, Brisbane, Sydney and
Melbourne (Russell et al. 2005). After an unsuccessful attempt by Queensland Health to
eradicate the mosquito from the islands in 2005, a quarantine program was initiated in 2008
where surveillance and control focussed on the inner Torres Strait islands (Waiben, Muralug and
Ngurupai) to protect the mainland. In 2009, this quarantine area was breached and A.
albopictus now occurs on Waiben and Muralug, although the Queensland Health control
program has kept populations very low and prevented their spread to the mainland. An initial
outbreak in New Mapoon in Cape York on the Australian mainland was detected and eliminated
in 2010.

Figure 6: (A) Relatedness of the Asian tiger mosquito (Aedes albopictus) in
Torres Strait to nearby populations in Indonesia and Papua New Guinea,
and (B) distribution of A. albopictus in the Torres Strait (Beebe et al. 2013).

In the Torres Strait, there is an Asian tiger mosquito surveillance program that focuses on the
travel hubs of Ngurupai and Waiben islands. The program is managed by the Tropical Public
Health Services, Cairns, the Torres Strait Shire Council, and the Torres Strait Hospital and Health
Services, and aims to prevent further spread of this species. In 2014, a survey team plans to visit
five outer islands (Mer, Masig, Iama, Poruma and Warraber) to evaluate if Asian tiger mosquito
(A. albopictus) and A. aegypti are present (O. Muzari pers. comm., 2014).
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Concern over the dispersal of the Asian tiger mosquito in Australia is justified as it is a highly
proficient disease vector for two reasons. First, it is a good vector of dengue and chikungunya
viruses. Second, it is more cold tolerant than A. aegypti, and therefore could establish further
south in urban centres such as Sydney (Russell et al. 2005). It is also an aggressive biter and
public health nuisance in areas where it becomes established (Hawley 1988, Williams 2012).
Other recent arrivals from southeast Asia are Culex gelidus, a vector for the Japanese
encephalitis virus (Gould et al. 1974), and Culex quinquefasciatus. Both have established
populations on the Australian mainland (Ritchie et al. 2001, Russell 2010).

3.2 Arrival of New Diseases
The arrival of a new disease where there is a competent vector and host is another cause of
emerging infectious disease outbreaks. Infected travellers arriving in Australia are a primary
source of new introductions. For example in the Torres Strait the dengue strain (DENV-4) which
caused the Pacific Island outbreak of dengue in 2007 was related to a strain that originated in
Indonesia and reached the Torres Strait via Papua New Guinea (Warrilow et al. 2012).
Chikungunya – or “bend-back disease” as it is called for its painful arthritis-like symptoms – has
increased significantly in frequency and geographic extent (Townson and Nathan 2008). First
described in Tanzania in 1952, its lifecycle involved non-human primates and forest-dwelling
mosquitoes (McIntosh and Gear 1981). Since the 1960s, outbreaks have occurred in many
African, southeast Asian and even European countries (Townson and Nathan 2008), where
infected travellers returning from epidemic areas have introduced the disease (Enserink 2007).
From a Torres Strait perspective, Chikungunya has not yet been reported. But in 2012, 1,590
cases were recorded in Papua New Guinea (Horwood et al. 2013). Following this initial outbreak
at Vanamo, the virus has already spread to other provinces (Horwood et al. 2013). The virus has
been regularly imported into Australia, but so far no outbreaks have occurred. In 2010-11 most
Australian cases had contracted the virus from Indonesia and India and were in the 25 to 29
year age group (Knope et al. 2013).
The risk of Chikungunya causing an outbreak in Australia appears to be high, as it can be
vectored by a wide range of mosquito species. The two mosquitoes that are associated with
human epidemics, Aedes albopictus and A. aegypti, occur either in the Torres Strait (A.
albopictus) or in north Queensland (A. aegypti) (Townson and Nathan 2008). With the large
populations of A. albopictus in the outer islands of the Torres Strait, there is a high risk of a
significant outbreak of Chikungunya should the virus be introduced.

3.3 Endemic Diseases
Kunjin is an encephalitic disease similar, although milder than Japanese encephalitis and West
Nile virus. It was first detected in Kowanyama in far north Queensland, and is considered
endemic to northern Australia and southeast Asia. It is transmitted by mosquito vectors,
especially Culex annulirostris. Water birds like herons are the known hosts of the disease. Kunjin
can infect humans and horses but these are considered dead-end hosts similar to Japanese
encephalitis and unable to transmit the disease (Queensland Health 2014).
Murray Valley encephalitis is closely related to Kunjin virus but causes more severe disease
pathology. It is endemic to Australia and common in northern Western Australia and the
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Northern Territory. Water birds are the main disease hosts and mosquitoes such as Culex
annulirostris are primary vectors. There are no known cases in the Torres Strait but three cases in
far north Queensland in the last decade.
The diseases listed here are of concern to the communities of Torres Strait and tropical Australia,
yet this is far from a complete list but just examples of what diseases are present or could
become a threat to human health.

4 Predicting Vector and Disease Dispersal in the
Torres Strait
Vector and disease dispersal across the Torres Strait is one of the defining parameters in
understanding disease dynamics in this border region of Australia. The movement of new
vectors or vectors carrying diseases from Indonesia and Papua New Guinea to the islands of the
Torres Strait is of great concern in this region. Further, the location of the Torres Strait within
such close proximity to this region makes it one of the most at risk locations in Australia.

4.1 Vector-dispersal models
The movement of invertebrates across the Torres Strait has long been considered a risk to island
and mainland biosecurity. A long-distance dispersal model was originally developed by CSIRO to
predict the distribution of Helicoverpa moths following a migration event (Rochester et al.
1996). The model has since been applied to noctuid moths (Gregg et al. 2001), mosquitoes
(Ritchie and Rochester 2001), locusts (Deveson et al. 2005) and sugarcane plant-hoppers
(Anderson et al. 2010).
The model has demonstrated that winds at altitudes of 100-400 m during the monsoon season
were sufficient to potentially transport mosquitoes from Papua New Guinea to the Torres Strait
and onto mainland Australia (Ritchie and Rochester 2001). The model requires identification of
the distribution of the source population in Papua New Guinea and an estimation of the
population density (Rochester et al. 1996). The model then predicts the probability of individuals
arriving in Torres Strait.
Modelling has an important role in biosecurity and emerging infectious disease studies, however
it is critical to remember that the predictive capacity of any model is only as good as the input
data. Models cannot and should not replace field work, particularly in frontier regions where
there is limited knowledge of the ecology of diseases and their vectors.

5 Management Strategies to reduce disease risks
Prevention of disease outbreaks is easier than dealing with outbreaks. The highest priority in
reducing disease risk is to lower the interactions between humans and vectors. Reducing vectorbreeding habitats close to human homes, schools and offices has been a management priority in
the region, and this must continue to be the responsibility of the whole community. The location
of most Torres Strait communities favours prevailing winds and along with new home design of
very high set homes, there is a considerable reduction in mosquito habitat under houses.
However, the availability of water-holding containers for mosquito breeding still remains high.
Most of the potentially dangerous mosquito vectors such as A. albopictus and A. aegypti that
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favour human homes can reproduce in discarded containers. Managing rubbish, housing
materials, abandoned cars and tyres must continue to be a very high priority in this region with
communities remaining particularly vigilant in the wet season. Rainwater tanks can also breed
these mosquitoes, and the screens on tanks must be maintained and replaced when needed.
Family gardens established away from townships in the natural vegetation, particularly close to
swamps on Saibai, may increase the human-mosquito biting rates. As these areas often
experience lower winds and have a high abundance of mosquitoes – we recommend that
people take precautions with clothing and repellent in these areas to reduce bites.
The temporary camping of Papua New Guinea nationals in the mangrove forests of Saibai,
where mosquito abundances are high, increases human-mosquito biting rates and the risk of
disease outbreaks. We recommend that temporary campgrounds are open to prevailing winds
and that people take precautions with clothing, and use bed-nets and repellents to reduce bites.
Educating and encouraging communities to remain vigilant is the most valuable tool in disease
prevention. Regular surveillance and monitoring of vector populations and viruses can also be
achieved by using simple and relatively inexpensive equipment. For instance, in 2013
Queensland Health (Communicable Diseases Unit) installed a Passive Box Trap with pressurized
gas cylinders and FTA-cards (for disease detection) at the piggery in Badu. This study so far has
yielded one positive result for Ross River fever (K. Rickart pers. com., Queensland Health).

11

Laurance et al.

References
Abbott, I. 1979. Aboriginal man as an exterminator of wallaby and kangaroo populations on
islands round Australia. Oecologia 44:347-354.
Anderson, K. L., T. E. Deveson, N. Sallam, and B. C. Congdon. 2010. Wind‐assisted migration
potential of the island sugarcane planthopper Eumetopina flavipes (Hemiptera:
Delphacidae): implications for managing incursions across an Australian quarantine
frontline. Journal of Applied Ecology 47:1310-1319.
Beebe, N. W., L. Ambrose, L. A. Hill, J. B. Davis, G. Hapgood, R. D. Cooper, R. C. Russell, S. A.
Ritchie, L. J. Reimer, and N. F. Lobo. 2013. Tracing the tiger: Population genetics
provides valuable insights into the Aedes (Stegomyia) albopictus invasion of the
Australasian region. PLoS Neglected Tropical Diseases 7:e2361.
Bhatt, S., P. W. Gething, O. J. Brady, J. P. Messina, A. W. Farlow, C. L. Moyes, J. M. Drake, J. S.
Brownstein, A. G. Hoen, O. Sankoh, M. F. Myers, D. G. George, T. Jaenisch, G. R. W.
Wint, C. P. Simmons, T. W. Scott, J. J. Farrar, and S. I. Hay. 2013. The global distribution
and burden of dengue. Nature 496:504-507.
Booth, D. 2007. Seasonal abundance of potential malaria vectors in the Torres Strait, 1985–861.
Australian Journal of Entomology 27:193-197.
Brown, M. D., P. Mottram, I. D. Fanning, and B. H. Kay. 1992. The peridomestic containerbreeding mosquito fauna of Darnley island (Torres Strait) (Diptera: Culicidae), and the
potential for its control by predacious mesocyclops copepods. Australian Journal of
Entomology 31:305-310.
Bryan, J., M. O'Donnell, G. Berry, and T. Carvan. 1992. Dispersal of adult female Culex
annulirostris in Griffith, New South Wales, Australia: a further study. Journal of the
American Mosquito Control Association 8:398.
Carter, M. 2001. New evidence for the earliest human occupation in Torres Strait, northeastern
Australia. Australian Archaeology:50-52.
David, B., I. McNiven, R. Mitchell, M. Orr, S. Haberle, L. Brady, and J. Crouch. 2004. Badu 15
and the Papuan-Austronesian settlement of Torres Strait. Archaeology in Oceania:65-78.
Deveson, E., V. Drake, D. Hunter, P. Walker, and H. Wang. 2005. Evidence from traditional and
new technologies for northward migrations of Australian plague locusts (Chortoicetes
terminifera)(Walker)(Orthoptera: Acrididae) to western Queensland. Austral Ecology
30:920-935.
Enserink, M. 2007. Tropical disease follows mosquitoes to Europe. Science 317:1485-1485.
Foley, D., J. Bryan, D. Booth, and C. Freebairn. 1991. Anopheles farauti Laveran sensu lato and
An. hilli Woodhill and Lee (Diptera: Culicidae) in Torres Strait, Australia. Australian
Journal of Entomology 30:307-312.
Galloway, R. and E. Loffler. 1972. Aspects of geomorphology and soils in the Torres Strait
region. Bridge and Barrier: the Natural and Cultural History of Torres Strait. Australian
National University, Canberra:11-28.
Gould, D. J., R. Edelman, R. A. Grossman, A. Nisalak, and M. F. Sullivan. 1974. Study of
Japanese encephalitis virus in Chiang Mai valley, Thailand IV. Vector studies. American
Journal of Epidemiology 100:49-56.
Gregg, P. C., A. P. Del Socorro, and W. A. Rochester. 2001. Field test of a model of migration of
moths (Lepidoptera: Noctuidae) in inland Australia. Australian Journal of Entomology
40:249-256.

12

Detecting emerging infectious diseases in the Torres Strait: a review of vector, host and disease studies

Haddon, A. 1912. Hunting and fishing. Reports of the Cambridge Anthropological Expedition to
the Torres Straits 4:152-171.
Hall-Mendelin, S., C. C. Jansen, W. Y. Cheah, B. L. Montgomery, R. A. Hall, S. A. Ritchie, and A.
F. van Den Hurk. 2012. Culex annulirostris (Diptera: Culicidae) host feeding patterns and
Japanese encephalitis virus ecology in northern Australia. Journal of Medical Entomology
49:371-377.
Hanna, J., S. Ritchie, M. Loewenthal, S. Tiley, D. Phillips, A. Broom, and D. Smith. 1995.
Probable Japanese encephalitis acquired in the Torres Strait. Comm Dis Intell 19:206208.
Hanna, J., S. Ritchie, D. Phillips, J. Shield, C. Bailey, J. Mackenzie, M. Poidinger, B. McCall, and P.
Mills. 1996. An outbreak of Japanese encephalitis in the Torres Strait, Australia, 1995.
Med. J. Aust. 165: 256-261.
Hanna, J. N., S. A. Ritchie, D. A. Phillips, J. Shield, M. C. Bailey, J. S. Mackenzie, M. Poidinger, B.
J. McCall, and P. J. Mills. 1996. An outbreak of Japanese encephalitis in the Torres Strait,
Australia, 1995. Medical Journal of Australia 165:256-261.
Hanna, J. N., S. A. Ritchie, A. D. Merritt, A. Van den Hurk, D. A. Phillips, I. L. Serafin, R. E.
Norton, W. McBride, F. V. Gleeson, and M. Poidinger. 1998. Two contiguous outbreaks
of dengue type 2 in north Queensland. The Medical Journal of Australia 168:221-225.
Hanna, J., S. Ritchie, D. Phillips, J. Lee, S. Hills, A. van Den Hurk, A. Pyke, C. Johansen, and J.
Mackenzie. 1999. Japanese encephalitis in north Queensland, Australia, 1998. The
Medical Journal of Australia 170:533.
Hanna, J. N., S. A. Ritchie, A. R. Richards, C. T. Taylor, A. T. Pyke, B. L. Montgomery, J. P.
Piispanen, A. K. Morgan, and J. L. Humphreys. 2006. Multiple outbreaks of dengue
serotype 2 in north Queensland, 2003/04. Australian and New Zealand Journal of Public
Health 30:220-225.
Harley, D., G. Garstone, B. Montgomery, and S. Ritchie. 2001. Locally-acquired Plasmodium
falciparum malaria on Darnley Island in the Torres Strait. Communicable diseases
intelligence 25:151-153.
Harris, D. R. 1977. Subsistence strategies across Torres Strait. In Allen, J., J. Golsen, and R. Jones
(Eds.) Sunda and Sahul: prehistoric studies in Southeast Asia, Melanesia and Australia.
Academic Press, London, pp. 421-463.
Hawley, W. A. 1988. The biology of Aedes albopictus. Journal of the American Mosquito
Control Association. 4:1-39.
Hilbert, D. W. and S. G. W. Laurance. 2011. Landscape modification, disease vectors and the
conservation of avian biodiversity. Marine and Tropical Sciences Research Facility (MTSRF)
Transitional Funding, Project 35. Report to Reef and Rainforest Research Centre Limited.
Horwood, P. F., L. J. Reimer, R. Dagina, M. Susapu, G. Bande, M. Katusele, G. Koimbu, S.
Jimmy, B. Ropa, and P. M. Siba. 2012. Outbreak of chikungunya virus infection, Vanimo,
Papua New Guinea. Emerging Infectious Diseases 19:1535-1538.
Ingold, T. 1993. The temporality of the landscape. World Archaeology 25:152-174.
Johansen, C. A., A. F. van den Hurk, S. A. Ritchie, P. Zborowski, D. J. Nisbet, R. Paru, M. J.
Bockarie, J. Macdonald, A. C. Drew, and T. I. Khromykh. 2000. Isolation of Japanese
encephalitis virus from mosquitoes (Diptera: Culicidae) collected in the Western Province
of Papua New Guinea, 1997-1998. The American Journal of Tropical Medicine and
Hygiene 62:631-638.

13

Laurance et al.

Johansen, C., A. van Den Hurk, A. Pyke, P. Zborowski, D. Phillips, J. Mackenzie, and S. Ritchie.
2001. Entomological investigations of an outbreak of Japanese encephalitis virus in the
Torres Strait, Australia, in 1998. Journal of Medical Entomology 38:581-588.
Jones, K. E., N. G. Patel, M. A. Levy, A. Storeygard, D. Balk, J. L. Gittleman, and P. Daszak. 2008.
Global trends in emerging infectious diseases. Nature 451:990-993.
Kay, B. H., P. Barker-Hudson, N. D. Stallman, M. Weimers, E. N. Marks, P. J. Holt, M. Muscio,
and B. M. Gorman.1984. Dengue fever: Reappearance in north Queensland after 26
years. Medical Journal of Australia 140: 284-288.
Knope, K., P. Whelan, D. Smith, J. Nicholson, R. Moran, S. Doggett, A. Sly, M. Hobby, N.
Kurucz, and P. Wright. 2013. Arboviral diseases and malaria in Australia, 2010-11:
annual report of the National Arbovirus and Malaria Advisory Committee.
Communicable Diseases Intelligence Quarterly Report 37: 1.
Laurance, S. G. W. 2011. Determining disease dynamics across the Torres Strait and improved
approaches for disease detection and management. National Environment Research
Program Project 11.2. Project proposal to Reef and Rainforest Research Centre Limited.
Laurance, S. G. W., D. Jones, D. Westcott, A. Mckeown, G. Harrington, and D. W. Hilbert. 2013.
Habitat fragmentation and ecological traits influence the prevalence of avian blood
parasites
in
a
tropical
rainforest
landscape.
PLoS
ONE
8:1-7.
doi:10.1371/journal.pone.0076227.
Lawrence, D. and H. R. Lawrence. 2004. Torres Strait: the region and its people. In: Davis R.
(Ed.).Woven Histories, Dancing Lives: Torres Strait Islander Identity, Culture and History.
Aboriginal Studies Press, Canberra, pp.15-29.
Lee, D. J. and A. R. Woodhill. 1944. The Anopheline Mosquitoes of the Australasian Region.
Monograph of the Department of Zoology, University of Sydney.
Liu, C., C. Johansen, N. Kurucz, and P. Whelan. 2006. Communicable Diseases Network
Australia National Arbovirus and Malaria Advisory Committee annual report, 2005-06.
Communicable Diseases Intelligence 30: 411.
Mackenzie, J. S., D. J. Gubler, and L. R. Petersen. 2004. Emerging flaviviruses: the spread and
resurgence of Japanese encephalitis, West Nile and dengue viruses. Nature Medicine 10:
98-109.
Mackerras, I. 1947. The Australasian anophelines as vectors of malaria. Medical Journal of
Australia:1-8.
McBride WJH. Deaths associated with dengue haemorrhagic fever: the first in Australia in over a
century. Med J Aust. 2005;183:35-7.
McIntosh, B. and J. Gear. 1981. Arboviral zoonoses in southern Africa: Chikungunya fever.
Section B: Viral Zoonoses. CRC Handbook Series in Zoonoses:217-220.
McNiven, I. J., W. R. Dickinson, B. David, M. Weisler, F. Von Gnielinski, M. Carter, and U. Zoppi.
2006. Mask cave: red-slipped pottery and the Australian-Papuan settlement of Zenadh
Kes (Torres Strait). Archaeology in Oceania:49-81.
Merritt, A., D. Ewald, A. F. van den Hurk, S. Stephen, and J. Lengrell. 1998. Malaria acquired in
the Torres Strait. Communicable Diseases Intelligence 22:1-2.
Meyer Steiger, D., P. Johnson, D. W. Hilbert, S. Ritchie, D. Jones, and S. G. W. Laurance. 2012.
Effects of landscape disturbance on mosquito community composition in tropical
Australia. Journal of Vector Ecology 37:69-77.

14

Detecting emerging infectious diseases in the Torres Strait: a review of vector, host and disease studies

Mitchell, C. J., H. M. Savage, G. C. Smith, S. P. Flood, L. T. Castro, and M. Roppul. 1993.
Japanese encephalitis on Saipan: a survey of suspected mosquito vectors. The American
Journal of Tropical Medicine and Hygiene 48:585.
Mitchell, C. 1995. Geographic spread of Aedes albopictus and potential for involvement in
arbovirus cycles in the Mediterranean basin. Journal of Vector Ecology 20:44-58.
Morse, S. 1995. Factors in the emergence of infectious diseases. Emerging Infectious Diseases
1:7-15.
Neldner, J. 1998. Vegetation communities of the Torres Strait Islands. Queensland Herbarium,
Department of Environment, Brisbane.
Patz, J. A., T. K. Graczyk, N. Geller, and A. Y. Vittor. 2000. Effects of environmental change on
emerging parasitic diseases. International Journal for Parasitology 30:1395-1405.
Paterson, B. J., J. S. Mackenzie, D. N. Durrheim, and D. Smith. 2011. A review of the
epidemiology and surveillance of viral zoonotic encephalitis and the impact on human
health in Australia. New South Wales public health bulletin 22:99-104.
Preston -Thomas, A., R. W. Gair, K. A. Hosking, G. J. Devine, and S. D. Donohue. 2012. An
outbreak of plasmodium falciparum malaria in the Torres Strait Communicable diseases
intelligence 36:180-185.
Queensland Health. 2005. Dengue Fever management plan for North Queensland 2005 – 2010.
Tropical Public Health Unit Network, Cairns.
Queensland
Health.
2014.
Kunjin
Virus.
Queensland
Government,
website
http://access.health.qld.gov.au/hid/InfectionsandParasites/ViralInfections/kunjinVirusDisea
se_fs.asp .
Reiter, P. and D. Sprenger. 1987. The used tire trade: a mechanism for the worldwide dispersal
of container breeding mosquitoes. Journal of the American Mosquito Control
Association 3:494.
Reisen, W. K. 2010. Landscape epidemiology of vector-borne diseases. Annual Review of
Entomology 55:461-483.
Reiter, P. and D. Sprenger. 1987. The used tire trade: a mechanism for the worldwide dispersal
of container breeding mosquitoes. Journal of the American Mosquito Control
Association 3:494.
Ritchie, S. A., D. Phillips, A. Broom, J. Mackenzie, M. Poidinger, and A. van den Hurk. 1997.
Isolation of Japanese encephalitis virus from Culex annulirostris in Australia. The
American Journal of tropical medicine and hygiene 56:80.
Ritchie, S., B. Haseler, P. Foley, and B. Montgomery. 2001. Exotic mosquitoes in North
Queensland: the true millennium bug? Arbovirus Research in Australia 8:288-293.
Ritchie, S. A. and W. Rochester. 2001. Wind-blown mosquitoes and introduction of Japanese
encephalitis into Australia. Emerging Infectious Diseases 7:900.
Ritchie, S., B. Montgomery, and I. Walsh. 2002. Production of mosquitoes in rainwater tanks
and wells on Yorke Island, Torres Strait: preliminary study. Environmental Health 2:13.
Ritchie, S. A., P. Moore, M. Carruthers, C. Williams, B. Montgomery, P. Foley, S. Ahboo, A. F.
van den Hurk, M. D. Lindsay, and B. Cooper. 2006. Discovery of a widespread
infestation of Aedes albopictus in the Torres Strait, Australia. Journal of the American
Mosquito Control Association 22:358-365.

15

Laurance et al.

Ritchie, S. A., A. F. van den Hurk, P. Zborowski, T. J. Kerlin, D. Banks, J. A. Walker, J. M. Lee, B.
L. Montgomery, G. A. Smith, and A. T. Pyke. 2007. Operational trials of remote
mosquito trap systems for Japanese Encephalitis Virus surveillance in the Torres Strait,
Australia. Vector-Borne and Zoonotic Diseases 7:497-506.
Ritchie, S. A. 2009. Dengue: Australia’s other pandemic. Microbiology Australia 30:114-117.
Rochester, W., M. Dillon, G. Fitt, and M. Zalucki. 1996. A simulation model of the long-distance
migration of Helicoverpa spp. moths. Ecological Modelling 86:151-156.
Rowe, C. 2006. Landscapes in Torres Strait history. In: David, B., Barker, B., McNiven, I. (Eds.).
The social archaeology of indigenous societies, Aboriginal Studies Press, Canberra,
pp.270-286.
Rowe, C. 2007. A palynological investigation of Holocene vegetation change in Torres Strait,
seasonal tropics of northern Australia. Palaeogeography, Palaeoclimatology,
Palaeoecology 251:83-103.
Russell, R. C., C. R. Williams, R. Sutherst, and S. A. Ritchie. 2005. Aedes (Stegomyia) albopictusa dengue threat for southern Australia? Communicable Diseases Intelligence Quarterly
Report 29:296.
Russell, R. C. 2010. “Dramas” Down-Under: Changes and Challenges in Australia. In: Atkins, P.
(Ed.)Vector Biology, Ecology and Control. Springer, Netherlands, pp.81-96.
Swadling, P., R. Wagner, and B. Laba. 1996. Plumes from paradise: trade cycles in outer
Southeast Asia and their impact on New Guinea and nearby islands until 1920. Papua
New Guinea National Museum Boroko.
Taylor, L. H., S. M. Latham, and M. E. Woolhouse. 2001. Risk factors for human disease
emergence. Philosophical Transactions of the Royal Society B-Biological Sciences
356:983-989.
Townson, H. and M. B. Nathan. 2008. Resurgence of chikungunya. Transactions of the Royal
Society of Tropical Medicine and Hygiene 102:308-309.
Tsai, T. F. 2000. New initiatives for the control of Japanese encephalitis by vaccination: Minutes
of a WHO/CVI meeting, Bangkok, Thailand, 13–15 October 1998. Vaccine 18:1-25.
van den Hurk, A., D. Nisbet, C. Johansen, P. Foley, S. Ritchie, and J. Mackenzie. 2001. Japanese
encephalitis on Badu Island, Australia: the first isojation of Japanese encephalitis virus
from Culex gelidus in the Australasian region and the role of mosquito host-feeding
patterns in virus transmission cycles. Transactions of the Royal Society of Tropical
Medicine and Hygiene 95:595-600.
van den Hurk, A. F., S. A. Ritchie, C. A. Johansen, J. S. Mackenzie, and G. A. Smith. 2008.
Domestic pigs and Japanese encephalitis virus infection, Australia. Emerging Infectious
Diseases 14:1736.
van den Hurk, A. F., S. A. Ritchie, and J. S. Mackenzie. 2009. Ecology and geographical
expansion of Japanese encephalitis virus. Annual Review of Entomology 54:17-35.
van den Hurk, A., S. Hall-Mendelin, A. Pyke, G. Smith, and J. Mackenzie. 2010. Vector
competence of Australian mosquitoes for chikungunya virus. Vector-Borne and Zoonotic
Diseases 10:489-495.
van den Hurk, A. F., K. McElroy, A. T. Pyke, C. E. McGee, S. Hall-Mendelin, A. Day, P. A. Ryan, S.
A. Ritchie, D. L. Vanlandingham, and S. Higgs. 2011. Vector competence of Australian
mosquitoes for yellow fever virus. The American Journal of Tropical Medicine and
Hygiene 85:446.

16

Detecting emerging infectious diseases in the Torres Strait: a review of vector, host and disease studies

Vasconcelos, P. F., A. Travassos da Rosa, S. G. Rodrigues, E. S. Travassos da Rosa, N. Dégallier,
and J. F. Travassos da Rosa. 2001. Inadequate management of natural ecosystem in the
Brazilian Amazon region results in the emergence and reemergence of arboviruses.
Cadernos de Saúde Pública 17:155-164.
Walsh, J. F., D. H. Molyneux, and M. H. Birley. 1993. Deforestation: effects on vector borne
disease. Parasitology 106:S55-S75.
Warrilow, D., J. A. Northill, and A. T. Pyke. 2012. Sources of Dengue Viruses Imported into
Queensland, Australia, 2002–2010. Emerging Infectious Diseases 18:1850.
WHO - World Health Organization. 1983. Synopsis of the world malaria situation in 1981.
Weekly Epidemiological Record, 58, 197 – 199.
WHO – World Health Organization. 2013. World Malaria Report. http://www.who.int/malaria/
publications/world_malaria_report_2013/report/en/
WHO – World Health Organization. 2014. Fact sheet 100. http://www.who.int/mediacentre/
factsheets/fs100/en/
WHO – World Health Organization. 2014. Fact sheet 117. http://www.who.int/mediacentre/
factsheets/fs117/en/
Williams, C. R. 2012. The Asian Tiger Mosquito (Aedes Albopictus) Invasion into Australia: A
Review of Likely Geographic Range and Changes to Vector-Borne Disease Risk.
Transactions of the Royal Society of South Australia 136:128-136.

17

