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Background:

WEDPP provided funds to survey sentinel chickens, wildlife and horses for West Nile Virus (WNV) as a part of a biosecurity program to protect Australia against an unknown invasion of this potentially very dangerous disease.

West Nile (WN) virus is an arthropod-borne virus (arbovirus) that is taxonomically classified within the family Flaviviridae, genus Flavivirus, and is a member of the Japanese encephalitis (JE) virus serocomplex, that includes JE virus, Murray Valley Encephalitis (MVE) virus and Kunjin (Kun) virus. Kun virus is a subtype of WN virus and has not been shown to cause death in humans or animals and is found in Australia.

Historically, WNV has circulated primarily in Africa, Asia and southern Europe and has been responsible for several significant epidemics in Israel (1950's), France (1962), South Africa (1972), Romania (1996), Russia (1999) and the USA (1999). The initial outbreak in the USA began in the New York City area with 62 confirmed human cases and 6 fatalities. WN virus then spread rapidly across the USA and in 2001 there were 66 human cases and 9 deaths over 10 states. In 2002 there were 4,156 human cases and 284 deaths. Also, during 2002 there were 14,717 confirmed infections of horses with a mortality of approximately 40%. So far this year (2006) WNV has already been detected in 138 species of birds across several states in North America. It has been postulated that WN has the potential to totally wipe out the entire North American crow population. 

A typical arbovirus cycle has been proposed for the spread of WNV. The major mosquito amplifying vectors appear to be various Culex species and birds appear to be the amplifying hosts. Various Culex and Ochlerotatus mosquitoes subsequently take it out of the enzootic/epizootic cycle and infect incidental hosts such as humans, horses and other mammals. 

WNV is a potential threat to Australia. As recently as October 2002, a horse from Canada that was in quarantine in Sydney was found to have WNV where it probably went through the viremic phase. If the horse had arrived later in peak mosquito breeding season it may have posed a greater risk. Other risk factors include viremic humans and migratory birds. Australia certainly has competent mosquito vectors that can amplify and spread the virus as well as the other risks factors required to allow WNV transmission.

Impact of WN on our ecosystems:


The effect on our wildlife by WNV is unknown. The USA experience is that WN has had a devastating impact on the survival of birds of prey, such as eagles and hawks, as well as crows and jays. However, a large number of species of birds that become infected do not appear to become ill, but they do become amplifying hosts and a source of virus for mosquitoes.


There is an increasing popular hypothesis that because Kunjin virus is endemic to Australia with an already established cycle involving mosquitoes as vectors and with birds and marsupials as amplifying and reservoir hosts, WN virus will readily move into this cycle. Therefore it is extremely important that the current arbovirus surveillance program be enhanced, by improving its diagnostic capabilities and by increasing the wildlife monitoring from an opportunistic ad hoc basis to more regular monitoring. This will enable us to improve our current knowledge of disease reservoirs and the vectors that facilitate the spread of WN virus.


There is a certain amount of evidence to support that Kun may remain hidden in the environment then randomly move out to infect humans and animals. In 1986 at Rushworth, Victoria, there was an infection of a human with Kun that led to severe ongoing neurological disease. Also, the sentinel program at DPI Attwood has detected Kun in 1991, 1996 and 2000 independently of other arboviruses. If WN does the same then it poses an unpredictable and more dangerous threat to humans and horses than do other arboviruses such as MVE.

Transfer from wildlife to farmed animals and humans:   


In the USA, thousands of horses have died and many bird species have been severely impacted on due to WNV.  Many humans have been infected resulting in death or severe ongoing neurological problems. There is no reason to expect that horses and humans in Australia will not die as a result of infection with WN if/when it arrives, especially in the southern states in which the populations are immunologically naive to Kun. There has been some debate as to whether antibodies to Kun will protect against WN. This is so far unproven speculation and needs to be demonstrated. However, it would only be relevant in the North of the continent.


It would be expected that WN would cause clinical disease in 1 in 1000 infections of humans and death in about 5-10% of cases. Horses appear to be more susceptible to WN with a death rate of approximately 40% of clinically ill animals. The effect of WN on our native wildlife is unknown but could be quite devastating especially on some of our bird populations. 

Conclusion:


Australia is at risk of WN entering the country and spreading. It has the mosquito vectors and reservoir host species to maintain an epizootic/enzootic cycle that could cause widespread death of humans, horses and probably other native fauna. Rapid and highly specific laboratory test procedures are required for accurate diagnosis and effective surveillance systems to be maintained.

Results:

1. Form collaborations with interstate centres involved in WNV diagnostics and surveillance.

The diagnostic capabilities applied within this project have been the result of collaborative efforts and transfer of technologies between Westmead Hospital, University of Queensland (Dr Roy Hall) and PIRVic respectively.  Communications with the Australian Animal Health Laboratories, CSIRO (Dr David Boyle) have also led to the identification of appropriate molecular methodologies to detect WNV.  In addition, collection of blood samples from target species was performed using the “paper blotting system”.  This system is currently being used for sample collection for our sentinel-monitoring program, a technique developed by Westmead Hospital. This common technique allows for samples to be readily collected between states and tested without significant impacts on testing parameters.

Westmead Hospital also supplied West Nile positive antisera, as well as technology transfer of their ELISA assays for West Nile detection. Queensland University has supplied the West Nile virus that is used for PCR positive controls and also for antigen production for ELISA tests.

2. Application of serological and molecular methodologies during annual monitoring program of sentinel flocks and mosquito populations within Victoria.

Collaborations led to the acquisition of a competitive ELISA that can be used to screen blood samples for WNV antibodies and PCR tests that can distinguish between West Nile and Kunjin viruses.  To this end, the following samples were screened:  

Serological testing

· 5200 sentinel chicken blood samples

· 60 wild duck blood samples

· 2 kangaroo blood samples

· 2 raven blood samples

· 1500 historical equine samples

Serological testing was completed for all of the samples listed above, and there were no WNV antibodies detected.  

1500 historical and current equine sera were screened for flavivirus antibodies. The years tested were 1996 to 2001 inclusive as well as 2005 and 2006.  Those samples that gave a positive flavivirus result were further tested for WN/Kunjin and Murray Valley Encephalitis antibodies.

162/1500 equine sera tested positive for flavivirus antibodies. Of these 15/1500 were positive for Murray Valley Encephalitis, 104/1500 were Kunjin positive and 56/1500 were unknown flavivirus positive. See attached table.

WNV detection

· 100,000 mosquitoes

No virus was detected in the mosquitoes

3. Support state and interstate stakeholders involved in surveillance and monitoring wild bird health, investigating mass mortality and maintaining biosecurity

In addition, as a part of an investigation into unexplained deaths of ravens, brain tissue from 3 ravens were screened for WN virus using tissue culture.  No WNV was detected.

Discussion:
The inclusion of equine samples that were sent to Attwood for arbovirus investigations from several states greatly enhanced the monitoring of wild birds, sentinel poultry and mosquito programs. The vast majority of horse samples receives were from race horses. Subsequently, only knowing the state of origin of the samples has limitations due to the lack of information about the age and travel history of the horses. This information would have to be gathered immediately when a positive result is obtained. 

However, the equine data corroborated positive Kunjin serology detected in Victorian sentinel poultry during 1996 as well as the spread of Kunjin and Murray Valley Encephalitis from Queensland to the Victorian border during the years from 1998 to 2000. Murray Valley Encephalitis was not detected in the sentinel chickens during this period but Kunjin was. If the positive Victorian Murray Valley Encephalitis serology detected in 1999 was in fact from horses that had not travelled to New South Wales, or Queensland, then it did cross the border and demonstrates that the sentinel poultry surveillance program for arbovirus monitoring would be greatly enhanced by the inclusion of horses. Surveillance for exotic arboviruses such as West Nile and Japanese Encephalitis would be greatly enhanced by including equines into these programs. Horses are susceptible to these arboviruses and there are readily in close contact with humans such as when they are regularly bled by veterinarians investigating clinical illness or when serology is required prior to travel. 

Real Time PCR tests that can distinguish between exotic West Nile and endemic Kunjin viruses have been developed at DPI Attwood. This test gives a turn around time of one day for serum samples and about 4 days for mosquito samples. This is a great improvement on the 2 – 3 weeks required for classical virological tissue culture procedures.  

Over the past few years there has been very little arbovirus activity in Australia, especially  in the south.  This main reason for this is the drought conditions that have prevailed for an extended period. It is highly  unlikely that this state of affairs will continue forever. As rainfall increases, so does mosquito breeding. Increased mosquito breeding means an increased risk of both endemic and exotic arbovirus diseases. It is vital to enhance surveillance for exotic arboviruses by extending current sentinel programs to include wildlife, equines, sentinel poultry and mosquitoes with the intention of covering all aspects involved in the natural cycles of arboviruses.

Attachment

Flavivirus screen

	Year
	State
	Kun
	Kun +MVE
	MVE
	U.K.
	Total

	1996
	QLD

VIC
	15

4
	2 

1 
	2
	12 
	 36

	1997
	QLD
	3 
	
	
	0
	   3

	1998
	QLD
	17 
	
	
	0
	 17

	1999
	QLD

VIC
	20 

4 
	7

3
	
	7 
	 41

	2000
	QLD

VIC

NSW
	5

2

2 
	
	
	4 
	 13

	2001
	QLD
	6 
	
	
	3 
	   9

	2005
	QLD
	23 
	
	
	12 
	 35

	2006
	QLD
	0 
	
	
	8 
	   8

	Total
	
	91
	13
	2
	56
	162


Queensland (QLD), Victoria (VIC), New South Wales (NSW)
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