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Oftheviruses transmitted by mosquitoes in the Australasian
region, Murray Valley encephalitis (MVE) virus is the major
cause of brain disease in humans. There is no vaccine to
prevent MVE, nor are there effective antiviral drugs available
to treat infections. Therefore, surveillance of MVE is essen-
tial to control efforts. A key element to this is understanding
the virus at a genetic level, which allows the tracking and
identification of known or novel genetic types and can tell

us about their circulation patterns.

In the last century, the major epidemics of MVE occurred in
southeastern Australia, centred on the Murray Valley region'.
However, since 1978 the majority of cases have occurred in north-
ern Western Australia and the Top End of the Northern Territory,
where the virus is now endemic. Nowadays, MVE only occasionally
re-emerges in south-eastern Australia following periods of heavy
and prolonged rainfall. The last such event occurred in 2011,
resulting in 17 cases of MVE nationwide and 3 deaths, including
2 cases (1 death) in South Australia and 1 case in New South Wales?.
Approximately 100 equine cases were also reported in South
Australia and the Eastern states in 2011°. To the north of Australia,
the virus is found in Papua New Guinea and Irian Jaya, where cases
have been reported and virus isolated from mosquitoes”*~°. MVE
virus cycles between Culex species mosquitoes and water birds,
such as herons and egrets’. It is not well understood how it
reappears in places where occasional cases or activity is found, but
it may be re-introduced by infected migratory water birds and/or

wind-blown mosquitoes.

Four distinct genetic lineages or genotypes (G1-G4) of MVE virus
have been identified (Figure 1), based on RNase oligonucleotide
mapping”’ or sequencing regions of the virus genome, such as the
5’ untranslated region or the structural genes pre-membrane and

envelope® 'Y, Studies that analysed genes encoding the structural

surface proteins of the virus have been the most comprehensive to
date. As for other viruses, the surface proteins of MVE virus offer an
attractive choice for phylogenetic analyses, since they are the
primary target of the host immune response and subject to rela-
tively strong selection pressures. This means that the genes encod-
ing these proteins have high levels of sequence variation that allows

sensitive levels of phylogenetic discrimination.

G1 is the major type of MVE virus on mainland Australia and the
most recent to evolve from ancestral strains”'". The last viruses
identified from Papua New Guinea, isolated from mosquitoes
caught in 1998, also belong to this type. Molecular clock analysis
revealed that G1 evolved between 1930 and 1949'°. Within G1, two
distinct sub-lineages (1A and 1B) have co-evolved and exhibit
different patterns of transmission in Australia. G1A viruses were
estimated to emerge in the 1970s and 80s from a common ancestor
of early virus isolates from the 1950-51 and 1974 epidemics in
southeast Australia. Paradoxically, Australian G1A viruses have only
been found in the northwest of the country. The emergence of G1B
in the 1980s overlapped that of G1A but, in contrast to the latter,
G1B viruses have been found across mainland Australia (Figure 1).
Both types have been associated with disease. We don’t yet know
why they have different circulation patterns, but further studies
may reveal subtle differences in the genome of G1B viruses that
enables them to infect mosquitoes and waterbirds more efficiently,

allowing them to outcompete their G1A counterparts.

Interestingly, the progenitor of G1B viruses emerged between
1968 and 1973'°, coinciding with construction of Stage 2 of the
Ord River Irrigation scheme in the northeast Kimberley region of
Western Australia. This involved damning the Ord River to create
Lake Argyle, a vast freshwater reservoir, and resulted in profound
changes to the local ecosystem. It has been hypothesised that
this led to MVE virus becoming established in this region''. G1B
subsequently became the dominant and most widespread lineage
of MVE virus in Australia. It has been proposed that the changes to
the ecosystem in the northeast Kimberley facilitated the emergence
of this lineage, via increased populations of vector mosquitoes and
waterbirds, and the creation of a permanent ecosystem suitable for

maintaining mosquito-borne viruses'’.

A second minor genotype (G2) is also found in Australia and
consists of only a handful of mosquito isolates (—~5% of all viruses
propagated from trap-caught mosquitoes)”'* and a single human
(J. Druce, from

isolate personal communication), all
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Figure 1. Geographic distribution of genotypes and subgenotypes of Murray Valley encephalitis virus and their circulation pattern in Australia
and Papua New Guinea. The enzootic focus of MVEV in northwestern Australia is indicated by blue shading. A phylogenetic tree of complete prM
and Env genes of MVEV is shown below the map. The tree was drawn using an alignment of 67 sequences and the neighbour-joining method

(MCL substitution model) in MEGA7"".

northwestern Australia. G2 is the oldest lineage of MVE virus,
emerging directly from the ancestral virus of this species around
200 years ago'’. Up until recently, it was thought that G2 viruses
were attenuated, based on experiments using a mouse model of
MVE'""* and the absence of human cases linked to G2 viruses.
However, the first isolation of a G2 virus from a case of MVE in the
Northern Territory in 2015 indicates that G2 viruses have the same
potential to cause severe disease as G1 viruses. It is not understood
why G2 viruses are a minority type restricted to northwestern
Australia. G2 strains may occupy a rarely-sampled ecological niche,
or their genetic differences (to G1 viruses) may underlie altered
biological properties that affect their replication and virulence,
as for G1B viruses, thereby restricting their transmission”'%!?.
In support of the latter, several unique amino acids are encoded
in the major envelope surface glycoprotein that have potential
biological significance.

The remaining two genotypes of MVE virus are ‘one hit wonders’ —
single isolates from Papua New Guinea derived from a human case

in 1956 (G3)* and mosquitoes collected in 1966 (G4)’. No other

strains of these genotypes have been found; however, surveillance
activities in PNG and Irian Jaya have been limited and this may

reflect under-sampling.

The co-circulation of all contemporary genotypes of MVE virus in
northwestern Australia provides further evidence that this region is
the enzootic focus for this virus. Continued surveillance through-
out mainland Australia through existing mosquito surveillance
programs, passive surveillance of cases and enhanced surveillance
strategies will remain important to gather environmental and
clinical samples to test for the presence of MVE viruses and
gain a greater understanding of the molecular epidemiology of
this potentially devastating virus. Although surveillance activities in
PNG present challenges, the contribution to our knowledge of the
epidemiology of MVE and other mosquito-borne diseases may be
invaluable. Another gap for MVE virus molecular epidemiology is
the lack of full length genomes. Currently, the complete genomes
or ORFs of only seven different strains have been published“’l(’.
Additional full length genomes will enable more comprehensive

genetic studies that may uncover new insights into factors that
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determine transmission and pathogenicity. As next generation
sequencing technologies become mainstream, this should be

achievable in the near future.
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Mosquitoes, through the diseases they transmit, are con-
sidered the deadliest animals in the world'. While Australia
is relatively free of many of the mosquito species capable

of transmitting diseases such as dengue, yellow fever,
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chikungunya, and Zika virus, Australia is not immune to
the risk of these arboviruses becoming endemic through the
introduction of exotic mosquito vectors. In 150 separate

instances there were 525 individual exotic mosquitoes
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