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Introduction: Murray Valley encephalitis virus (MVEV) is a mosquito-borne 
flavivirus known to cause infrequent yet substantial human outbreaks around the 
Murray Valley region of south-eastern Australia, resulting in significant mortality.

Methods: The public health response to MVEV in Victoria in 2022–2023 
included a climate informed pre-season risk assessment, and vector surveillance 
with mosquito trapping and laboratory testing for MVEV. Human cases were 
investigated to collect enhanced surveillance data, and human clinical samples 
were subject to serological and molecular testing algorithms to assess for 
co-circulating flaviviruses. Equine surveillance was carried out via enhanced 
investigation of cases of encephalitic illness. Integrated mosquito management 
and active health promotion were implemented throughout the season and in 
response to surveillance signals.

Findings: Mosquito surveillance included a total of 3,186 individual trapping events 
between 1 July 2022 and 20 June 2023. MVEV was detected in mosquitoes on 
48 occasions. From 2 January 2023 to 23 April 2023, 580 samples (sera and CSF) 
were tested for flaviviruses. Human surveillance detected 6 confirmed cases of 
MVEV infection and 2 cases of “flavivirus-unspecified.” From 1 September 2022 to 
30 May 2023, 88 horses with clinical signs consistent with flavivirus infection were 
tested, finding one probable and no confirmed cases of MVE.

Discussion: The expanded, climate-informed vector surveillance system in 
Victoria detected MVEV in mosquitoes in advance of human cases, acting as an 
effective early warning system. This informed a one-health oriented public health 
response including enhanced human, vector and animal surveillance, integrated 
mosquito management, and health promotion.
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Introduction

In south-east Australia, the epidemiology of Murray Valley 
encephalitis virus (MVEV), a mosquito-borne flavivirus, is particularly 
unusual due to long periods of inactivity punctuated by substantial 
outbreaks resulting in significant mortality. The virus, which is 
genetically and antigenically related to Japanese encephalitis virus 
(JEV), was first isolated from the brain tissue of human cases of 
encephalitis in 1951 (1). These cases were part of an outbreak of 
encephalitis centred around the Murray Valley region of south-eastern 
Australia. The virus has also been implicated in similar outbreaks in 
1917, 1919, and 1925 (2), and proven in subsequent outbreaks in 1974 
and 2011 (2, 3). Further study identified the freshwater breeding 
mosquito, Culex annulirostris, as the primary disease vector, and water 
birds, particularly egrets and the Nankeen night heron, as important 
amplifying animal hosts (Figure 1) (4, 5). Humans, along with terrestrial 
vertebrates such as horses, are “dead-end” hosts and do not become 
significantly viraemic to facilitate onward transmission of virus (6).

Human infection with MVEV has an incubation period of 
1–4 weeks followed by a variable prodrome of fever and headache (7). 
The progression to encephalitis is characterised by neurological signs 
and symptoms which may at first appear non-specific. Only one in 
every 150–1,000 people infected with MVEV suffer severe disease, 
with the vast majority of infections being asymptomatic (8, 9). Clinical 
illness in horses is similar, with a subset of infections progressing to 
encephalitis and death (10). The illness is difficult to clinically 
distinguish from infection with JEV and the Australian sublineage of 
West Nile virus, Kunjin virus (KUNV) and diagnosis relies on serology 
and molecular methods (7).

Epidemiological and genomic analyses have clarified the ecological 
patterns of MVEV activity in Australia (11). In the south-east the virus 
is epizootic, evidenced by infrequent large human outbreaks (12). In the 
north-west, there are enzootic foci of extant virus circulation evidenced 
by sporadic human cases and pockets of high seropositivity (9).

The largest outbreak on record in south-east Australia was in 
1974, with 58 human cases (27 in Victoria) and a case fatality rate of 
20% (13). The most recent epidemic occurred in 2011 with 17 cases 
across New South Wales (NSW), South Australia (SA), and Western 
Australia (3). Confirmed human cases were conspicuously absent in 
Victoria in 2011 despite sentinel chicken seroconversions and a 
significant equine outbreak (14). In keeping with such infrequent 
appearances of MVEV in the south-east, there is known to 
be  relatively low seroprevalence amongst people born after 
1974 (12).

The dominant explanatory theory of MVEV reintroduction posits 
that the movement of migratory waterbirds from an area of enzootic 
activity, under optimal conditions for waterbird and mosquito 
breeding, allows for amplification of the virus in wildlife and a 

spill-over phenomena resulting in human cases of infection (15, 16). 
Consequently, research and public health efforts in the south-eastern 
states of Australia have focussed on predicting the circumstances that 
increase the likelihood of outbreaks.

Historically, three climate models, tested against historic 
outbreaks, have been used to assess the risk for MVEV activity in the 
Murray Valley region in any given year. Forbes’ hypothesis, based on 
a historical analysis published in 1978, predicts an outbreak when 
rainfall averages in four major river basins are above the 7th decile 
value in the previous summer, and immediate spring/early summer 
period, preceding an enhanced mosquito season (17). The Nicholls 
hypothesis uses average mean sea level pressure (MSLP) in Darwin, a 
surrogate for the Southern Oscillation Index, and the Bennett 
hypothesis uses a negative Indian Ocean Dipole to predict MVEV 
activity (18, 19). Given the short historic time frame on which these 
hypotheses are based, and an imperfect track record of prediction, 
they are useful yet imprecise elements of a pre-season risk assessment.

Prior to 2021, MVEV and KUNV were the only two encephalitic 
flaviviruses known to cause locally transmitted disease in Victoria. In 
March 2021, a case of JEV infection on the Tiwi Islands in northern 
Australia was identified as a sentinel case (20) preceding an outbreak 
in the 2021–2022 mosquito season which resulted in 45 cases and 
seven deaths, centred around the south-east of Australia (21). This 
outbreak primed the public health system to prepare for further 
flavivirus outbreaks in the 2022–2023 mosquito season.

Here we  describe the 2023 outbreak of MVEV in Victoria, 
Australia [population 6·7 million (22)] beginning with the pre-season 
risk assessment and preparedness activities and including the 
integrated public health response incorporating surveillance activities 
in humans and animals, laboratory diagnostics, vector control, risk 
communication and serosurveillance. The Victorian mosquito 
breeding season typically occurs from October to April each year (23) 
and collection of surveillance data occurs throughout the season with 
some programmes beginning before and finishing after the breeding 
season. Human surveillance data were collected as part of routine 
notifiable disease reporting and investigation, therefore human 
research ethics committee approval was not required.

FIGURE 1

The transmission cycle for Murray Valley encephalitis virus (MVEV). 
The natural and amplifying hosts are waterbirds, and the primary 
vector is Culex species mosquitoes. Humans and horses are dead-
end hosts.

Abbreviations: CDNA, Communicable Disease Network Australia; CSF, 

Cerebrospinal fluid; DEB, Defined Epitope Blocking ELISA; ELISA, Enzyme-linked 

immunosorbent assay; IFA, Immunofluorescence assay; IMT, Incident Management 

Team; JEV, Japanese encephalitis virus; KUNV, Kunjin virus; LGA, Local Government 

Area; MSLP , Mean sea level pressure; MVE, Murray Valley encephalitis; MVEV, 

Murray Valley encephalitis virus; NSW, New South Wales; PCR, Polymerase chain 

reaction; PRNT, Plaque reduction neutralisation test; SA, South Australia; VIDRL, 

Victorian Infectious Diseases Reference Laboratory.
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Pre-season risk assessment

Pre-season mosquito risk assessments directly influence both 
surveillance and programme activities. The variability in mosquito-
borne disease risk is routinely monitored through historic human 
epidemiology, vertebrate and mosquito surveillance, and predictive 
climatic factors. The unexpected JEV outbreak in south-east Australia 
in early 2022 resulted in expansion of mosquito-borne disease 
surveillance and preparedness for the 2022–2023 season.

The 2022–2023 mosquito season occurred on a background of 
three sequential years of La Niña weather patterns. By September 
2022, water levels in the Murray River had reached the highest level 
since 1985 (24). October 2022 was the wettest month ever recorded 
in Victoria resulting in extensive flooding along the Murray, and 
associated rivers in northern Victoria (25). In addition, rainfall in the 
Darling, Northern Lake Eyre, and Gulf of Carpentaria basins satisfied 
Forbes’ hypothesis predicting an outbreak of Murray Valley 
encephalitis (MVE) in the region of the Murray River (17, 26). The 
Nicholls hypothesis was also satisfied with MSLP readings in Darwin 
below the predictive threshold in autumn, winter, and spring of 2022 
(18, 26). Further, a negative Indian Ocean Dipole event in 2022 likely 
contributed to rainfall over south-east Australia and satisfied 
Bennett’s hypothesis (19). Based on these factors, the relative risk of 
MVEV activity in Victoria was predicted to be high, compared to 
previous years.

The geographic scope of predicted risk across Victoria was 
determined using historic signals of MVEV activity, namely human 
cases from the 1951 and 1974 outbreaks, equine cases, and sentinel 
chicken seroconversions. Assuming the potential for an overlapping 
ecological niche, JEV geospatial modelling (Shearer FM, unpublished) 
was incorporated into the risk assessment to produce a final composite 
map of at-risk Local Government Areas (LGAs) (Figure 2).

Public health response

The public health response to the 2022–2023 MVEV outbreak in 
Victoria, led by the Victorian Department of Health, was coordinated 
by an Incident Management Team (IMT) initiated on 28 October 2022.

Mosquito surveillance

The Victorian Arbovirus Disease Control Program which has 
operated in Victoria since 1974 funds strategically located local 
governments in inland and coastal areas considered high-risk for 
mosquito-borne diseases to undertake regular mosquito surveillance 
throughout the Victorian mosquito breeding season (27).

The state-wide surveillance system involves monitoring adult 
mosquito populations on a weekly basis at strategic sites across 
Victoria, allowing for long-term trend analysis. In inland Victoria, the 
most common mosquito trap in use is a form of Encephalitis Vector 
Surveillance trap baited with carbon dioxide and light to attract 
primarily night-time biting mosquitoes (28). Mosquito specimens are 
frozen to preserve virus RNA and transported to the Centre for 
AgriBioscience (Melbourne, Victoria, Australia) for mosquito 
counting, morphological species identification, and viral testing.

Targeted polymerase chain reaction (PCR) testing is conducted 
for the presence of three flaviviruses; JEV, MVEV, and KUNV, and two 
alphaviruses; Ross River virus and Barmah Forest virus (29, 30). In 
most instances, after mosquito counting and species identification is 
complete, all mosquitoes in a single trap are re-combined back into 
their original single, mixed-species pool, and then tested as a “whole 
trap grind” to accelerate the availability of virus testing results. Where 
mosquito abundance is high, pool size is limited to 1,000 mosquitoes 
and multiple pools from a single trap are tested.

FIGURE 2

LGAs assessed as high-risk for MVEV/JEV activity in the state of Victoria, Australia (inset). The Murray River runs along the northern border of Victoria.
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Mosquito surveillance results inform updates to local and state-
wide risk assessments, identify locations of increased risk to human 
populations, and inform vector control activities. Programme 
expansion targeted areas identified as higher risk and without existing 
surveillance. Further traps were added throughout the season in 
response to evolving risk, for example into areas impacted by the 
October 2022 floods in northern Victoria.

Mosquito trapping for surveillance in the 2022–2023 season was 
expanded from 13 to 22 LGAs (including 315 unique trap sites) across 
Victoria, leading to a total of 3,186 individual trapping events and a 
total of 1,027,867 mosquitoes captured between 1 July 2022 and 20 
June 2023. Excluding damaged traps and those which collected no 
mosquitoes, a total of 2,411 traps were analysed and 3,995 PCR tests 
were performed on whole trap grinds or mosquito species-specific 
pools (29).

Data demonstrated high to very high levels of mosquitoes from 
late October 2022 to early January 2023, particularly in LGAs in 
northern areas of Victoria adjacent or inland to the Murray River. 
Mosquito numbers declined to moderate and low levels from 
February 2023.

In high-risk LGAs, a trend was observed with Culex australicus 
[primarily a bird biting species (31, 32)] breeding in very high 
numbers immediately after flooding, followed by a transition to Culex 
annulirostris [a bird and human biting species (33)] in early December 
2022. This provided a pre-warning for the potential of amplification 
of mosquito-borne viruses within bird populations that can spill over 
into humans.

MVEV was first detected in a trap in Mildura, the most north-
west LGA in Victoria, on 4 January 2023. There were a total of 48 
MVEV detections from traps across 11 LGAs between 4 January and 
28 March 2023 (Table  1). The highest number of detections 
consistently occurred in the north-west of the state (Figure 3).

Mosquito surveillance was flexible and adaptive to the situation, 
whereby additional traps in areas of high risk or areas of confirmed 

human cases (including potential exposure sites) were quickly 
deployed to obtain additional information.

Mosquito surveillance and virus screening can provide multiple 
pieces of intelligence. In addition to presence/absence of virus, 
testing of multiple pools in a large trap can provide semi-quantitative 
data about the infection rate of mosquitoes, and testing in species-
specific pools can enhance our understanding of vector transmission. 
However, the latter requires morphological identification of entire 
traps, and post-flood conditions that lead to significantly increased 
mosquito numbers impact lab capacity and trap sub-sampling is 
implemented. This prevents species-specific testing in peak periods. 
Where resources allowed, some species-specific testing did occur 
and MVEV was detected in 11 of 19 Culex annulirostris specific 
pools and 1 of 4 Culex australicus pools. Species specific testing of 
Aedes notoscriptus (2 pools); Culex quinquefasciatus (3 pools); 
Anopheles annulipes (4 pools); Aedes vittiger (1 pool); Aedes theobaldi 
(1 pool), and Culex molestus (2 pools) all yielded negative results 
for MVEV.

Laboratory diagnostics

An enhanced diagnostic approach was implemented as part of the 
public health response. Due to lack of systematic assessment of 
serological and viral dynamics from historical outbreaks, the testing 
algorithm (Figure 4) was designed to both improve case-finding in 
high-risk areas to characterise the current outbreak and inform future 
diagnostics. All requests from medical practitioners for flavivirus 
serology were reflexively followed-up by serological testing for JEV, 
MVEV, and KUNV, in addition to proactively recommending PCR 
[blood, urine and cerebrospinal fluid (CSF)] and serology testing 
(CSF) for encephalitic cases. All flavivirus testing in Victoria took 
place at the Victorian Infectious Diseases Reference Laboratory 
(VIDRL) (Melbourne, Victoria, Australia).

MVEV can be detected by molecular techniques on whole blood, 
urine, CSF and brain tissue, however viraemia is typically brief and 
serology is often required for diagnosis (7). Enhanced testing on 
encephalitic cases with strong epidemiological evidence included 
performing MVEV IgM [Immunofluorescence Assay (IFA)] and 
MVEV total antibody [Defined Epitope Blocking (DEB) Enzyme 
Linked Immunosorbent Assay (ELISA)] in parallel and convalescent 
serology (at least 2–4 weeks apart). DEB is a blocking ELISA using 
MVEV specific monoclonal antibodies and has been used in Australia 
with comparable test characteristics to more labour-intensive 
neutralisation assays (34, 35). Recent MVEV infection was determined 
by either positivity of both IFA (IgM) and DEB or MVEV antibody 
seroconversion. Benchmarking of diagnostic assays (molecular, 
serology, viral culture, and genomics) was performed across multiple 
public health reference laboratories in Australia as part of the National 
JEV Diagnostic Project to further inform assay optimisation. Rapid 
sequencing/genotyping was performed at VIDRL using both Sanger 
sequencing and next-generation sequencing (Oxford Nanopore) to 
allow geographical linkage of human and mosquito detections (36).

From 2 January 2023 to 23 April 2023, 580 samples (sera and CSF) 
were tested for flavivirus antibodies (MVEV DEB, MVEV IFA, KUNV 
DEB, and JEV IFA; >2,300 tests performed) and flavivirus PCR 
(Pan-Flavivirus PCR and real-time PCR for JEV, MVEV, KUNV, 

TABLE 1 MVEV detections in mosquito traps by LGA for the 2022–2023 
season.

Local 
government 
area

Collection 
date of first 
detection

Collection 
date of last 
detection

Total 
number of 
detections

Mildura 4 January 2023 7 March 2023 23

Greater Bendigo 5 January 2023 – 1

Indigo 10 January 2023 15 February 2023 8

Loddon 10 January 2023 31 January 2023 5

Campaspe 17 January 2023 31 January 2023 3

Greater Shepparton 17 January 2023 7 February 2023 3

Horsham 24 January 2023 – 1

Wodonga 24 January 2023 – 1

Swan Hill 7 February 2023 – 1

Wangaratta 15 March 2023 – 1

Gannawarra 28 March 2023 – 1

Total detections (all 

LGAs)

48
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WNV, yellow fever virus, Zika virus, dengue virus; >2,400 
tests performed).

Human surveillance

MVE is an “urgent” notifiable condition in Victoria under the 
Public Health and Wellbeing Regulations 2019 and must be notified 
immediately upon initial diagnosis (clinically suspected or laboratory 
confirmed) by medical practitioners and laboratories to the 
Department of Health (37).

The Department of Health urgently follows up all notifications of 
suspected or confirmed cases of MVE in accordance with national 
guidelines (38). Interviews with cases under investigation, next of kin 

and/or treating clinicians are conducted to establish the clinical 
presentation, potential mosquito exposures, and JEV vaccination 
status. Treating clinicians are provided with advice on testing, 
collection, and transport of samples.

Cases are assessed against the Communicable Diseases Network 
Australia (CDNA) case definitions for MVE and related flaviviruses, 
where a confirmed case of MVE requires clinical and laboratory 
(molecular or serological) evidence (39). A risk assessment is 
undertaken, considering exposure during acquisition period 
(5–28 days prior to symptom onset), local epidemiology and mosquito 
surveillance information.

Throughout the 2022–2023 season (1 October 2022–30 April 
2023), the Department of Health received notification of 491 Victorian 
residents who underwent testing for MVEV. There were six confirmed 

FIGURE 3

Map of Victorian LGAs with MVEV detected in mosquitoes by month (2023); LGAs outlined in black are those where mosquito surveillance occurred 
during the season.

FIGURE 4

Laboratory testing algorithm for the flavivirus outbreak: (A) broad testing approach to capture symptomatic individuals from high-risk areas; 
(B) approach to serological testing and interpretation for those with encephalitis, taking into consideration local epidemiology and vaccination history. 
MVEV, Murray Valley encephalitis virus; JEV, Japanese encephalitis virus; KUNV, Kunjin virus; DEB, Defined Epitope Blocking Enzyme Linked 
Immunosorbent Assay (ELISA); IFA, Immunofluorescence Assay.
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human MVE cases, of which five were fatal. Two additional recovered 
cases, with clinical and epidemiological findings consistent with MVE, 
were classified as “flavivirus infection - unspecified” because of cross-
reactivity between MVEV and other flavivirus assays, excluding the 
ability to differentiate the causative virus, or the presence of 
co-infection. The median age of cases was 67 years (range 34–72 years) 
and two of eight cases were female. The range of symptom onset was 
from 16 January to 29 March 2023. Seven cases were reported to have 
encephalitis, whilst only one case had a non-encephalitic illness. 
Possible mosquito bite exposure during the acquisition period for 
these cases occurred across seven Victorian LGAs, all of which were 
designated high-risk by the pre-season risk assessment (Figure 5). 
There were five cases who had also spent time in MVEV risk areas in 
other Australian states during their acquisition period. Six cases were 
residents of a high-risk area. Travel to a risk area, fishing, camping, 
and river swimming were other reported risk factors for exposure. 
Only one case had a history of prior vaccination against JEV.

Five of eight cases (including both “flavivirus infection – unspecified” 
cases) were confirmed by serology. The remaining three cases had 
molecular diagnosis by PCR, one from CSF and two from post-mortem 
brain tissue, all of which were determined to belong to MVEV genotype 
1a, consistent with samples collected from mosquitoes in Victoria.

Equine surveillance

Given the historic co-occurrence of human and equine MVE 
outbreaks, Agriculture Victoria collaborated on the state 
outbreak response.

MVEV is not a notifiable disease in animals in Victoria, however 
the Victorian Significant Disease Investigation (SDI) Program 

encourages flavivirus testing by private veterinarians for horses 
displaying significant or unusual symptoms (40). Initial testing with 
pan-flavivirus ELISA is performed at the Centre for AgriBioscience, 
whilst confirmatory testing via serum plaque reduction neutralisation 
test (PRNT) assay is performed at the Australian Centre for Disease 
Preparedness (Geelong, Victoria, Australia).

A confirmed case of MVE in a horse is defined as a clinical 
presentation consistent with flavivirus infection and laboratory results 
which reveal detection of MVEV antigen via culture, molecular or 
immunohistochemical methods. In contrast to human case definitions, 
equine case definitions included a “probable” category which is satisfied 
by serologic criteria. For probable or confirmed equine cases additional 
information is collected from the notifying private veterinarian and the 
owner, including clinical, exposure and travel history. Owners are 
provided with information and education on prevention and vector 
control for horses and humans, and encouraged to contact their local 
public health unit or doctor if they have any health concerns.

From 1 September 2022 to 30 May 2023, 88 horses with clinical 
signs consistent with flavivirus infection were tested. One probable and 
no confirmed cases of MVE were detected. The distribution of these 
horses was state-wide, with tested horses residing across 35 LGAs. At 
28 June 2023, three suspected equine cases remained under investigation 
(awaiting PRNT results to differentiate the causal flavivirus).

Risk communication

Risk communication and dissemination of key public health 
messages coordinated by the Department of Health was a core 
component of the MVE public health response. Risk communication 
to members of the public impacted by flooding occurred from October 

FIGURE 5

LGAs reported as primary exposure sites for confirmed cases of MVE (shaded green) or “flavivirus infection – unspecified” (shaded blue); LGAs with 
MVEV detections in mosquitoes are marked with an X.
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2022 as mosquito numbers boomed across the north-west of the state. 
A new state-wide health promotion campaign titled “Do not wing it 
with mosquitoes” was launched in December 2022 featuring new 
imagery and messaging about mosquito bite prevention (41). A suite 
of digital, print and other media resources were deployed and 
translated into 23 languages to cater for culturally and linguistically 
diverse communities. This included a stakeholder pack containing 
social media resources for use by local governments and other 
stakeholders to promote mosquito avoidance. A mosquito-borne 
diseases webpage was developed as a central repository for all Victorian 
public information on mosquito-borne diseases, including weekly 
mosquito surveillance reports and human case surveillance data (42).

Three alerts/advisories were released in late 2022 highlighting the 
increased risk of mosquito-borne diseases due to flooding and at the 
beginning of the mosquito season. Further to this, seven reactive alerts 
and advisories targeting the Victorian community, tourists and health 
professionals were released in response to new cases and significant 
surveillance signals throughout the season (43). These provided 
information on risk, recommendations to reduce risk and detailed 
clinical and testing information for clinicians.

Targeted risk communication was undertaken through key 
stakeholders for select populations at higher risk of exposure to 
mosquitoes such as those with insecure housing, those residing in 
dwellings without insect screens, populations residing in flood-
affected areas, populations displaced by flooding, and children 
attending early childhood education centres and schools. Clinicians 
and laboratories were further engaged through webinars to promote 
clinical awareness of MVE, indications for testing and notification 
requirements. Human health public awareness campaigns were 
disseminated to equine and agriculture industry bodies. Targeted 
communications were also undertaken by local public health units in 
affected areas.

Integrated vector control

Integrated Mosquito Management (44, 45) is utilised in Victoria 
each mosquito season to manage the human health risks associated 
with mosquito-borne diseases. It is informed by mosquito surveillance 
data (species and abundance), virus detection in mosquito 
populations, human case exposure information, environmental 
conditions, and an assessment of the risk of disease to localised 
populations. A range of control methods (physical and chemical) are 
utilised to manage larval and adult mosquito populations, targeted to 
where and when people are at greatest risk. Integrated mosquito 
management aims to limit the transmission of pathogens by reducing 
or eliminating vectors (in this case mosquitoes) from human 
contact (46).

In Victoria, landowners or land occupiers are responsible for 
mosquito management on their properties (37), and local governments 
as large landowners in regional areas play a significant role in local 
vector control. In the 2022–2023 season, the Department of Health 
worked collaboratively with local government to support, coordinate, 
and implement vector control activities in areas of heightened public 
health risk. This included investment in high-capacity vector control 
equipment, delivery of vector control training (e.g., in the safe 
handling and use of chemicals to ensure efficacy of treatments whilst 
minimising non-target impacts), coordination of resources and 

expertise across LGAs, and provision of expert advice to enable 
councils to effectively reduce the risk posed by mosquitoes in their 
local communities.

Chemical applications including larvicide and adulticide are used 
by local government to reduce vector numbers where they pose a risk 
to large human populations. Larviciding, including the use of 
S-Methoprene and Bacillus thuringiensis israelensis (Bti) were 
deployed in habitats where large numbers of larvae were observed. 
Fogging, involving the application of an adulticide using a natural or 
synthetic pyrethroid chemical in the form of a fine mist or aerosol, is 
utilised to target adult mosquitoes, particularly when abundance is 
elevated, or virus is detected in mosquitoes. Residual barrier 
treatments through the application of a synthetic pyrethroid to 
surfaces where adult mosquitoes may land were deployed in areas 
where people were found to congregate (outdoor school settings, 
campgrounds, toilet blocks, barbeque, or playground areas). These 
strategies were implemented proactively based on detailed local 
knowledge of mosquito breeding sites in proximity to human 
populations. Intelligence from field observations, mosquito trapping 
data, and human and animal surveillance data allowed the Department 
of Health to direct and redeploy appropriate vector control capacity in 
a pragmatic manner, associated with local risk throughout the season.

Discussion

The mosquito breeding season of 2022–2023 resulted in the first 
outbreak of human cases of MVE in the state of Victoria since 1974 
and the first outbreak in south-eastern Australia since 2011. Crucially, 
the outbreak of human cases was preceded by early warning signals 
from mosquito surveillance, with the virus being detected in 
mosquitoes from 4 January 2023, 12 days before the first case’s 
symptoms began, 8 days before sentinel chickens in the adjacent state 
of NSW first seroconverted (47) and 15 days before sentinel chickens 
in the adjacent state of SA first seroconverted (48). This demonstrates 
that vector surveillance, with virus detection, has the capacity to serve 
as a critical early warning system (49). In Victoria, routine vector 
surveillance expanded significantly during the 2022–2023 season, 
plausibly increasing the sensitivity of the system as an early warning 
tool. The representativeness of trapped mosquitoes is influenced by 
several factors. These include weather, sample size, and the condition 
of mosquitoes at the time of collection. Consequently, the 
methodology of mosquito surveillance must be adaptable throughout 
the season, such as when flooding renders trap sites inaccessible. 
Whilst these pragmatic adjustments may confound an isolated 
evaluation of the system, they represent important learnings in 
management of mosquito-borne diseases through surveillance in real-
world settings.

Vector control activities, performed both pre-emptively and in 
response to surveillance signals, form an important part of the public 
health response. Adulticide fogging is the only means of killing adult 
mosquitoes that are known to be carrying disease. Fogging creates a 
protective buffer between mosquito populations and residential areas 
when the disease risk and/or vector abundance is high, and where the 
use of larvicides is not feasible due to the increased size and extent of 
breeding sites after major flooding events. However, fogging only 
temporarily reduces the number of adult mosquitoes. In contrast, 
barrier treatments applied to surfaces bind, and provide mosquito 
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control for up to 6–8 weeks (50, 51), but cannot be applied on a wide 
scale and are reserved for smaller, targeted areas.

The real-world nature of the integrated mosquito management 
programme in Victoria, whilst based on available evidence and best 
practice principles, is one of a suite of interventions, and therefore 
direct measurement of the success of vector control in isolation is 
limited. There is, however, a supportive body of observational 
evidence showing fogging has been demonstrated to kill 90% of adult 
dengue mosquitoes (52), and residual surface sprays have been 
demonstrated to reduce adult mosquito populations by 87–100% for 
9 weeks post spraying (53). Further, larviciding has been shown to 
reduce the next cohort of emerging mosquitoes by approximately 95% 
(54). Given the high numbers of viral detections in adult mosquito 
surveillance samples, these evidence-based measures to reduce 
mosquito numbers present a logical intervention to prevent human 
disease where human populations are in close contact with 
mosquito populations.

The MVEV outbreak in 2022–2023 led to high mortality rates 
amongst confirmed cases of MVE, yielding a case fatality rate of 83%. 
High mortality is consistent with previous outbreaks and this case 
fatality rate is higher than in 1974, when 20% of cases succumbed to 
infection (13). A detailed clinical case series may highlight 
contributory factors behind case fatality however it is notable that 
median age for the outbreak was 67 years, compared to a median of 
42 years in a case series from 1974 (13). The small number of cases and 
advances in diagnostics and case definitions further limits comparison 
between these two outbreaks, yet the findings underscore the 
population’s ongoing susceptibility to severe disease, supported by a 
2011 serosurvey showing a seroprevalence of only 2.2% in high-risk 
regions (12). The notified clinical cases likely underrepresent the 
actual burden of infection and repeat serosurveys will be crucial in 
determining the population’s ongoing vulnerability.

Half a century on from the first isolation of MVEV, no directed 
therapy nor vaccine is available. The role of JEV vaccination in MVEV 
prevention, whilst particularly relevant for Australia after the 2021–
2022 JEV outbreak (55), is uncertain, with insights from animal 
studies being mixed (56). Only one clinical case in this outbreak was 
vaccinated against JEV but had premorbid immune suppression 
making the significance of vaccination in this case unclear.

Serological interpretation to confirm MVEV infection is 
fundamentally complex due to cross-reactivity between viruses, 
persisting antibody response to prior infection or vaccine, and 
confounding anamnestic responses in the setting of acute infection. 
On a local level, regular public health and laboratory case conferences 
guided serological interpretation. Additional enhanced testing was 
also performed on encephalitic cases, in which MVEV IgM (IFA) and 
MVEV total antibody (DEB) were performed in parallel, alongside 
assays for the concurrently circulating flaviviruses JEV and 
KUNV. Despite post-mortem molecular diagnosis of two MVE cases 
being clinically complex and delayed, these samples allowed for 
sequencing, providing valuable genomic information that may 
improve our understanding of MVEV in Australia.

The propensity for flaviviruses to cause disease in agriculturally 
significant animals makes surveillance and control a clear one-health 
priority (14). The signs of MVE in horses can be  clinically 
indistinguishable from other notifiable diseases, most notably Hendra 
virus. Consequently, on notification of a horse with encephalitis, testing 
for MVEV, in addition to measures related to suspected Hendra virus, 

is recommended. When carefully overseen, as described in Victoria, 
this system may act as a de-facto surveillance herd of horses across 
broad geographic areas evidenced by the testing of 88 horses across 35 
LGAs. It is surprising that only one equine case of MVEV infection was 
diagnosed over the 2022–2023 mosquito season. This may speak to the 
limitations of testing in horses which, in addition to serological cross-
reactivity similar to that in humans, is also limited by sample collection 
for molecular testing due to risks associated with lumbar puncture and 
autopsy. Evidence on the difference in host tropism of MVEV in 
different vertebrates is unavailable but may be  another possible 
explanation for this apparent discrepancy. Horses, like humans are 
considered dead-end hosts for MVEV and do not contribute to onward 
amplification of the virus (6). Wild birds, however, are the natural 
reservoirs for MVEV and whilst not tested during this outbreak, a 
future serological survey of birds, as has been performed for other 
flaviviruses, may shed further light on the local epidemiology (5, 57).

Shifts in the distribution of vector-borne diseases due to climate 
change are the subject of global research and speculation. Direct 
attribution of any one outbreak to the effects of climate change is 
difficult, however ecological modelling can highlight areas of future 
risk (58). There are international examples of significant public health 
risk from emergent mosquito-borne disease, most famously the 
spread of West Nile virus throughout North America with ongoing 
seasonal outbreaks (59). For public health authorities concerned about 
emerging vector-borne diseases, our climate-informed surveillance 
programme paired with integrated vector control, targeted health 
promotion and a one-health focus can provide a preparedness 
framework for these emerging threats.

Conclusion

Although outbreaks of MVE are rare and infrequent, they are 
significant public health events when they do occur. Comprehensive 
vector surveillance, informed by climate predictions, serves as an 
essential warning tool to trigger a robust public health response. The 
potential widespread impact of MVEV and similar vector-borne 
diseases necessitates improvement-focussed analyses of surveillance 
activities within a one-health framework. As long as pharmacological 
interventions for MVE remain elusive, prevention and control of 
outbreaks will remain the mainstay of reducing the burden of 
these infections.
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