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Prevalence of Murray Valley encephalitis virus antibodies in northern Victoria following the 2023 outbreak: a cross-sectional serological survey
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Abstract
Following the first outbreak of Murray Valley encephalitis in Victoria, Australia, since 1974, a serological survey was conducted in 2023 and 2024 to estimate the seroprevalence of Murray Valley encephalitis virus (MVEV) antibodies among residents in the north of the state. Between October 2023 and April 2024, a total of 507 residents from 11 local government areas in northern Victoria — Mildura, Swan Hill, Campaspe, Gannawarra, Greater Bendigo, Loddon, Greater Shepparton, Moira, Wodonga, Wangaratta, and Indigo — were tested for MVEV total antibody. Seroprevalence was 2.0% (95% confidence interval: 1.1–3.6%), comparable to background levels of seropositivity prior to the 2023 outbreak. No strong associations were identified between a range of potential risk or protective factors and MVEV seropositivity. Low seroprevalence suggests that the population in this region remains immunologically vulnerable to MVEV infection. Ongoing vector control and efforts to prevent mosquito bites will be critical in preventing flavivirus transmission in northern Victoria during future mosquito seasons.
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Introduction
Murray Valley encephalitis virus (MVEV) is a mosquito-borne flavivirus that was first isolated in 1951 during an encephalitis outbreak in the Murray Valley region of south-eastern Australia.1 The epidemiology of MVEV in the region has since been characterised by discrete outbreaks of encephalitis separated by long periods of no detected disease activity in humans.2 This pattern is thought to be facilitated by the maintenance of enzootic foci in northern Australia, in a cycle involving the freshwater mosquito Culex annulirostris as a vector and waterbirds as amplifying hosts that migrate to the south-east of the country during floods.3,4 Human infection is not believed to result in sufficient viraemia to enable onward transmission.5
Asymptomatic MVEV infection is common, with an estimated 1 in 150 to 1 in 1000 infected individuals developing clinical disease.3 However, when symptomatic infection does occur, disease can be severe, characterised by encephalitis, progressive neurological deterioration, and a reported case fatality rate that ranges widely from approximately 15% to 85%.2,6 Only an estimated 40% of survivors fully recover, with the remainder experiencing long-term neurological sequelae.3 There is no specific treatment available for symptomatic MVEV infection and management is supportive. Laboratory diagnosis of MVEV infection is generally achieved via serological testing, but the interpretation of results is complex for several reasons, including serological cross-reactivity with other flaviviruses, unknown duration of seropositivity following infection, and the antibody response from vaccination such as JEV vaccination.2 
In October 2022, extensive flooding occurred in areas of the Murray-Darling Basin in northern Victoria and southern New South Wales following unusually high levels of rainfall.2 Large numbers of mosquitoes were subsequently detected in northern Victoria as part of the state’s mosquito surveillance program, followed by the identification of MVEV in mosquito traps across 11 local government areas (LGAs), most frequently in the north-west of the state.2 Six human cases of Murray Valley encephalitis (MVE) were confirmed in Victoria between January and March 2023, five of which were fatal.2 This was the first confirmed detection of human MVEV infection in Victoria since 1974, although serological evidence of equine infection and seroconversion of sentinel chickens were both detected in early 2011.7,8 This MVEV outbreak followed the emergence of Japanese encephalitis virus (JEV) for the first time in southern Australia in early 2022.2 Due to shared ecological factors, it is hypothesised that the risk areas for JEV overlap with those of MVEV. 
Despite the 2023 outbreak being the fourth proven outbreak of MVEV in south-eastern Australia since isolation of the virus in 1951, limited data are available regarding the ecology of MVEV in the region, individual-level risk factors for infection, or how common prior infection is in the population. Notified clinical cases are likely to represent a minority of infected individuals.2 In 2022, a JEV serological survey was conducted in northern Victoria in which samples were also tested for MVEV antibodies.9 While MVEV seroprevalence in this 2022 study was 3%, recruitment ceased in December 2022 (prior to the 2023 outbreak), and recruitment location selection was primarily informed by JEV epidemiology. North-western regions of Victoria, where MVEV mosquito detections and human encephalitis cases occurred during the 2023 outbreak, were also under-represented.9 
Accordingly, in the current study we aimed to determine the prevalence of MVEV antibody seropositivity and risk factors associated with seropositivity in a population of northern Victorian residents in late 2023 to early 2024, following the 2023 MVEV outbreak.
Methods
We report our study in accordance with the STROBE statement on cross-sectional studies.10
Participant recruitment
Participant recruitment took place from 23 October 2023 to 16 April 2024 in 11 LGAs across three regions in northern Victoria, Australia: Mildura, Swan Hill, Campaspe, Gannawarra, Greater Bendigo, and Loddon LGAs (in the Loddon Mallee region); Greater Shepparton and Moira LGAs (in the Goulburn Valley region); and Wodonga, Indigo, and Wangaratta LGAs (in the Ovens Murray region). These LGAs were selected based on MVEV detections in mosquitoes during the 2022–2023 mosquito breeding season and on likely vector exposure locations for MVE cases in the 2023 outbreak,2 to capture a population of northern Victorians presumed to be at high risk of MVEV infection. With an estimated population seroprevalence of 3%, a minimum sample size of 500 participants was required to assess MVEV seroprevalence with a precision of 1.5% and a confidence level of 95%.
Individuals of all ages were eligible to participate if they currently lived in one of the 11 included LGAs. Individuals were not eligible to participate if they had been vaccinated for JEV, or had been previously diagnosed with MVEV, JEV, or West Nile virus Kunjin subtype (KUNV) infection due to the risk of serological cross-reactivity. Most participants were recruited when attending pathology collection sites for unrelated pathology testing. The study was also advertised via social media, mass media, and through community organisations in the included LGAs.
Data collection
Participants provided written consent through an online form and completed an online questionnaire about potential risk and protective factors for MVEV infection. This included demographic information, occupational history, proximity to water sources, leisure activities, time spent outdoors, close contact with water birds, and avoidance of mosquito bites. For participants aged less than 18 years, consent was provided by an accompanying parent or guardian. Following completion of the consent form and questionnaire, a blood sample was collected by a phlebotomist at a participating pathology collection centre in a serum-separating tube and transported within 24 hours of collection to the Victorian Infectious Diseases Reference Laboratory (VIDRL) in Melbourne.
Blood samples were tested at VIDRL for MVEV total antibody using an in-house defined epitope blocking (DEB) enzyme-linked immunosorbent assay (ELISA). This DEB ELISA was accredited by the National Association of Testing Authorities (NATA) in 2011 and validated against a MVEV haemagglutination inhibition test and a MVEV microneutralisation test on samples from the 1974 MVE outbreak. Samples positive for MVEV total antibody were tested for JEV total antibody and KUNV total antibody using DEB ELISAs. Samples positive for MVEV total antibody, JEV total antibody and/or KUNV total antibody were tested for MVEV immunoglobulin M (IgM), JEV IgM, and/or KUNV IgM respectively with an immunofluorescence assay (IFA). All positive samples were retested to ensure reproducibility. Participants who tested positive for MVEV total antibody were invited to complete a follow-up questionnaire to collect more detailed information about their history of mosquito-borne viral infections, vaccination history, and travel history.
Statistical analysis
The primary outcome was MVEV total antibody seroprevalence, with 95% confidence intervals (95% CIs) derived assuming a binomial distribution. Prevalence odds ratios (PORs) for exposures, risk and protective factors were calculated with corresponding 95% CIs using logistic regression for continuous variables and Fisher’s exact test for categorical variables. All analyses were undertaken in R version 4.3.1.11
Ethics approval
Ethical approval for this study was granted by the Victorian Department of Health and Department of Families, Fairness and Housing Human Research Ethics Committee (reference HREC/101670/DOH-2023-396684).
Results
A total of 583 participants were recruited across the 11 included LGAs. Sixty-four individuals consented to participate but did not have a blood sample collected and were therefore excluded from the analysis. In addition, 12 blood samples were collected for testing where a completed consent form and questionnaire were not received from the participants. These samples were destroyed and are not included in the analysis. The final sample comprised 507 individuals.
The age of participants ranged from 5 to 99 years (median 55 years); 65.7% (n = 333) were female; 1.4% (n = 7) identified as Aboriginal and 0.4% (n = 2) identified as Torres Strait Islander (Table 1). Participation per LGA ranged from 54 per 100,000 inhabitants in Loddon to 151 per 100,000 inhabitants in Wangaratta (Figure 1a).
In total, ten samples (2.0%; 95% CI: 1.1–3.6%) tested positive for MVEV total antibody by DEB ELISA (Table 2). Of the ten samples positive for MVEV total antibody, eight were also positive for JEV or KUNV total antibody by DEB ELISA (six were positive for JEV total antibody, one was positive for KUNV total antibody, and one was positive for both JEV total antibody and MVEV IgM). None of the participants who tested positive for JEV total antibody or KUNV total antibody tested positive for JEV IgM or KUNV IgM (Figure 2). MVEV total antibody seropositivity ranged from 0.0% in Loddon, Indigo, Moira, Greater Shepparton, and Swan Hill to 8.3% (95% CI: 1.5–35.4%) in Gannawarra (Figure 1b). The majority of MVEV seropositive participants (70.0%; n = 7) resided in the Loddon Mallee region in the north-west of Victoria (Greater Bendigo, Campaspe, Gannawarra, and Mildura LGAs).
The age of MVEV total antibody seropositive participants ranged from 18 to 87 years (median 68 years), and the POR for MVEV total antibody seropositivity per one-year increase in age was 1.02 (95% CI: 0.99–1.06). Fifty percent of MVEV seropositive participants were male, and none identified as Aboriginal or Torres Strait Islander. Most MVEV total antibody seropositive participants (90.0%; n = 9) were born in Australia, and the remaining one participant was born in a country where MVEV and JEV are not endemic.
Of the ten MVEV total antibody seropositive participants, six completed the follow-up questionnaire. Three reported a history of recreational travel to regions with historic MVEV activity for greater than one month, such as the Top End or Barkly region in the Northern Territory or northern Queensland.12 None reported being vaccinated against or infected with dengue fever or yellow fever, but one reported past infection with Ross River virus.
Table 3 shows the associations between MVEV seropositivity and the potential risk and protective factors included in the study. Many of the hypothesised risk or protective factors had PORs > 1, but confidence intervals were generally very wide and, in all cases, crossed the null. For example, seropositive participants reported more frequent exposure to standing water sources (POR 3.4; 95% CI: 0.7–33.1) and water birds (POR 2.4; 95% CI: 0.6–10.8) than did seronegative participants.
Table 1: Demographic characteristics of Murray Valley encephalitis virus seropositive and seronegative individuals across 11 local government areas in northern Victoria, October 2023 to April 2024
	Demographic factor
	Category
	MVEV seropositive, n (%)
N = 10
	MVEV seronegative, n (%)
N = 497
	Total participants, 
n (%)
N = 507

	Age
	0–9
	0 (0.0%)
	3 (0.6%)
	3 (0.6%)

	
	10–19
	1 (10.0%)
	11 (2.2%)
	12 (2.4%)

	
	20–39
	1 (10.0%)
	136 (27.4%)
	137 (27.0%)

	
	40–59
	1 (10.0%)
	136 (27.4%)
	137 (27.0%)

	
	60–79
	6 (60.0%)
	179 (36.0%)
	185 (36.5%)

	
	≥ 80
	1 (10.0%)
	32 (6.4%)
	33 (6.5%)

	Gendera
	Male
	5 (50.0%)
	168 (33.8%)
	173 (34.1%)

	
	Female
	5 (50.0%)
	328 (66.0%)
	333 (65.7%)

	Aboriginal or Torres Strait Islander status
	Not Aboriginal or Torres Strait Islander
	10 (100%)
	485 (97.6%)
	495 (97.6%)

	
	Aboriginal
	0 (0.0%)
	7 (1.4%)
	7 (1.4%)

	
	Torres Strait Islander
	0 (0.0%)
	2 (0.4%)
	2 (0.4%)

	
	Prefer not to say
	0 (0.0%)
	3 (0.6%)
	3 (0.6%)

	Country of birth
	Australia
	9 (90.0%)
	445 (89.6%)
	454 (89.6%)

	
	Other country
	1 (10.0%)
	52 (10.4%)
	53 (10.4%)


a	One participant selected ‘I use a different term (please specify)’ but did not specify the term.
Figure 1: Participant enrolment per 100,000 population (a) and percentage of participants who were Murray Valley encephalitis virus total antibody seropositive (b) in each included local government area
[image: Figure 1a is a map of Victoria showing participant enrolment per 100,000 people in each included local government area, indicating that participation in this study by population was highest in Wangaratta. ]
[image: Figure 1b is a map of Victoria showing the percentage of participants who were Murray Valley encephalitis virus total antibody seropositive in each included local government area, which was highest in Gannawarra.]
Table 2: Murray Valley encephalitis virus seropositivity across 11 local government areas in northern Victoria, October 2023 to April 2024
	Residential local government area
	Number seropositive
	Total participants
	% seropositive
(95% CI)a

	Mildura
	1
	60
	1.7% (0.3–8.6%)

	Swan Hill
	0
	19
	0.0% (0.0–16.8%)

	Campaspe
	3
	49
	6.1% (2.1–16.5%)

	Gannawarra
	1
	12
	8.3% (0.4–35.4%)

	Greater Bendigo
	2
	123
	1.6% (0.4–5.7%)

	Loddon
	0
	4
	0.0% (0.0–49.0%)

	Greater Shepparton
	0
	99
	0.0% (0.0–3.7%)

	Moira
	0
	19
	0.0% (0.0–16.8%)

	Wodonga
	1
	58
	1.7% (0.3–9.1%)

	Indigo
	0
	20
	0.0% (0.0–16.1%)

	Wangaratta
	2
	44
	4.6% (1.3–15.1%)

	Total
	10
	507
	2.0% (1.1–3.6%)


a	95% CI: 95% confidence interval.
Figure 2: Flavivirus assay reactivity among Murray Valley encephalitis virus total antibody seropositive participants
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[image: Figure 2 is a grid showing flavivirus assay cross-reactivity among Murray Valley encephalitis virus total antibody seropositive participants. Six participants who were seropositive for Murray Valley encephalitis virus total antibody were also positive for Japanese encephalitis virus total antibody. One Murray Valley encephalitis virus total antibody seropositive participant was also positive for both Murray Valley encephalitis virus IgM and Japanese encephalitis virus total antibody. One Murray Valley encephalitis virus total antibody seropositive participant was also positive for Kunjin virus total antibody.]
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Table 3: Presence of risk and protective factors for Murray Valley encephalitis virus infection among Murray Valley encephalitis virus total antibody seropositive and seronegative participants
	Categorya
	Exposure variable
	MVEV seropositive, 
n (%)
	MVEV seronegative,
n (%)
	Prevalence odds ratio (95% CI)b

	Occupationc
	Abattoir or meat worker
	0 (0.0%)
	2 (0.4%)
	0 (0.0–276.4)

	
	Animal shooter or hunter
	0 (0.0%)
	4 (0.8%)
	0 (0.0–82.7)

	
	Council worker (e.g., environmental health officer or outdoor staff)
	0 (0.0%)
	3 (0.6%)
	0 (0.0–129.3)

	
	Animal transport driver
	0 (0.0%)
	4 (0.8%)
	0 (0.0–82.7)

	
	Farmer
	1 (10.0%)
	34 (6.7%)
	1.51 (0.0–11.5)

	
	Pest controller
	0 (0.0%)
	1 (0.2%)
	0 (0.0–1881.3)

	
	Laboratory worker
	0 (0.0%)
	4 (0.8%)
	0 (0.0–82.6)

	
	Veterinarian, veterinary technician or nurse
	0 (0.0%)
	1 (0.2%)
	0 (0.0–1881.3)

	
	Wildlife or zoo worker
	0 (0.0%)
	1 (0.2%)
	0 (0.0–1881.3)

	
	Other outdoor occupation
	0 (0.0%)
	30 (5.9%)
	0 (0.0–7.3)

	Water sources
	Standing water sources present around the home or gardend
	8 (80.0%)
	269 (53.0%)
	3.4 (0.7–33.1)

	
	Bodies of water within 5 km of work or residencec,e
	5 (50.0%)
	255 (50.3%)
	0.9 (0.2–4.2)

	Time spent outdoors; mosquito bites
	More than 3 hours spent outdoors per day
	5 (50.0%)
	198 (39.1%)
	2.0 (0.4–11.9)

	
	More than 4 days spent outdoors at dusk or dawn per week
	6 (60.0%)
	235 (46.4%)
	1.3 (0.3–6.4)

	
	More than 1 day with mosquito bites per week
	5 (50.0%)
	245 (48.3%)
	1.2 (0.2–12.1)

	Leisure activitiesc
	Land-based activities (camping, bushwalking, picnicking, hunting, gardening or birdwatching)
	9 (90.0%)
	408 (80.5%)
	2.0 (0.3–87.8)

	
	Water-based activities (fresh-water fishing, water sports or boating) 
	2 (20.0%)
	82 (16.2%)
	1.3 (0.1–6.6)

	Animal exposure
	Exposure or close contact with waterbirds such as herons
	5 (50.0%)
	144 (28.4%)
	2.4 (0.6–10.8)

	Protection against mosquito bites
	Using mosquito repellent when outdoors during the summer (≥ 25% of the time)
	7 (70.0%)
	383 (75.6%)
	0.7 (0.6–4.2)

	
	Wearing protective clothes outside in summer (≥ 25% of the time)
	8 (80.0%)
	332 (65.5%)
	2.0 (0.4–19.4)

	
	Using mosquito preventing devices (≥ 25% of the time)
	7 (70.0%)
	297 (58.6%)
	1.6 (0.4–9.5)

	
	Presence of insect screens on all doors and windows at home
	9 (90.0%)
	422 (83.2%)
	1.6 (0.2–71.0)


a	Participants could select multiple responses within each category.
b	95% CI: 95% confidence interval.
c	Since 1 November 2022.
d	e.g., watering cans, flowerpots, bird baths, open water containers.
e	i.e., pools, irrigation systems, wetlands, rivers or creeks.

Discussion
This study is the first to quantify MVEV antibody seropositivity in Victoria in the wake of the 2023 MVEV outbreak, which resulted in six confirmed and two suspected (with clinical and epidemiological evidence but cross-reactivity on flavivirus assays) cases of encephalitis, and five deaths. The MVEV total antibody seropositivity in this study was 2.0% (95% CI: 1.1–3.6%). We did not find strong evidence of any associations between the possible risk and protective factors included in our analysis and MVEV total antibody seropositivity.
MVEV total antibody seroprevalence in this study is comparable to background levels of seropositivity found in northern Victoria in 2022 prior to the 2023 outbreak (3.0%; 95% CI: 1.9%– 4.5%) using the same DEB ELISA.9 The 2022 serosurvey was conducted with the primary aim of investigating the prevalence and distribution of JEV antibody, but also included testing for antibodies to MVEV. Recruitment locations for the 2022 serosurvey were similar to those in our study; however, almost 70% of participants in the prior study resided in the Ovens Murray region in north-eastern Victoria (which includes Wangaratta, Wodonga, and Indigo LGAs) and less than 10% resided in the Loddon Mallee region in the north-west. In contrast, we attempted to obtain a more geographically representative sample in our study, with approximately 50% of participants in our study residing in the Loddon Mallee region. It is interesting to note that in the 2022 study, JEV, MVEV and KUNV antibody seroprevalence was highest in the Loddon Mallee region. MVEV detections in trapped mosquitoes in early 2023 were consistently highest in the Loddon Mallee region,2 where 70% of seropositive participants in our study resided. Participant inclusion in both studies was biased towards women and older individuals. For example, more than 40% of participants in both studies were aged 60 years and older.
A serological survey of stored serum and blood donor samples from eight LGAs in the Murray Valley region was also conducted in 2011, and found that 2.2% of the 1,115 included samples (95% CI: 1.3–3.0%) were positive for MVEV antibodies.13 Another survey, conducted around the same time on residual pathology samples, found seropositivity of 3.0% (95% CI: 1.3–5.8%), with seropositivity only seen among people born before 1974.14 It is somewhat reassuring that MVEV seropositivity does not appear to have increased dramatically since then, which would have indicated that more extensive transmission occurred in 2023 than was suggested by notified encephalitis cases and other surveillance data. However, our findings may highlight ongoing immunological vulnerability to MVEV infection in the community during future mosquito seasons. The persistence of low seroprevalence across these studies may suggest low-level human spillover between larger outbreaks. While immunological vulnerability is likely necessary to facilitate outbreaks such as seen in 2023, the complex ecological factors that precipitate such events require further study.
Given that MVEV infections are relatively uncommon, and that the virus is thought to be confined to Australia and New Guinea, there are few additional studies from outside Victoria available for comparison. One notable seroprevalence study surveyed a small remote Aboriginal community in northwestern Australia, where MVEV epidemiology is characterised by frequent seasonal cases rather than intermittent outbreaks. This study found an MVEV seroprevalence of 53%, indicative of recurrent population exposure to the virus and high levels of asymptomatic infection.4
Seroprevalence studies of MVEV’s close serogroup relatives, namely JEV and West Nile virus (WNV), also provide further context for our findings. Following the famous index outbreak of WNV in New York in 1999, a seroprevalence of 2.6% was estimated.15 More recently, following three years of consecutive WNV cases in Greece, the seroprevalence was reported at 2.1%.16 As our findings suggest for MVEV in Victoria, these studies concluded that the magnitude of the preceding WNV outbreaks was underestimated by notified clinical cases alone. It is notable that both jurisdictions have experienced subsequent outbreaks of WNV, consistent with ongoing population vulnerability at this level of seropositivity.17,18 
Among the ten participants who tested positive for MVEV total antibody in our study, seven also tested positive for JEV total antibody. Cross-reactivity among antibodies against Japanese encephalitis serogroup viruses, including JEV, MVEV and KUNV, is common.19 In the absence of direct virologic confirmatory testing, immune cross-reactivity to flaviviruses means that prior exposures (and indeed acute infections) can be challenging to definitively ascribe to a specific virus.20,21 These findings are consistent with a clinical case series from Australia where 12 of 27 described MVEV cases demonstrated detectable JEV immunoglobulin G (IgG) or total antibody on serological testing.22
Accordingly, in the presence of a single time point result, it is not possible to know whether individuals testing positive for antibodies to both MVEV and JEV in our study have truly been infected with both viruses in the past, or whether cross-reactivity has occurred. While DEB assays are intended to offer greater diagnostic specificity and assist in differentiating antibodies derived from distinct flavivirus infections,23 there is a paucity of data available to quantify the degree of cross-reactivity that occurs with these assays, particularly in the non-acute setting. Flavivirus antibody kinetics are also poorly understood. The emergence of JEV in areas of MVEV circulation in southern Australia heightens the dilemma of serological cross-reactivity and this study highlights a need for further serological assessment of interspecies cross-reactivity between locally circulating flaviviruses.22
This study had several strengths. Recruitment location selection was informed by epidemiological intelligence data such as MVEV mosquito detections and known MVEV infections in early 2023, with more equal representation of LGAs in the northern Victorian region than in the 2022 JEV serosurvey. The study was conducted following a known outbreak, collected data on a comprehensive set of possible risk and protective factors for MVEV infection, and tested blood samples for MVEV antibodies using the current gold-standard laboratory assay.22,23 Furthermore, a large geographic area of almost 60,000 km2 was covered by this serosurvey,24 with recruitment targets in each LGA informed by population size in order to attempt to obtain a geographically representative sample.
However, this study was also subject to several limitations. As discussed, the known cross-reactivity of flavivirus serological assays creates uncertainty as to whether seropositivity for MVEV in our study was truly due to infection with MVEV as opposed to another flavivirus. While efforts were made to promote representative recruitment across LGAs, recruitment was non-random. Accordingly, in terms of demographic factors such as age, recruiting a truly representative sample of the underlying population in the region was difficult to achieve and some demographic groups were over-represented in our study cohort compared to the general population in the region.25 For example, older people are typically more likely to seek medical care than younger people.26 Because recruitment primarily occurred at pathology collection centres this was reflected in our sample: 43% of participants in our study were aged 60 years and older, compared to 28% in the included LGAs.25 Because older individuals may have been exposed to MVEV during the 1974 outbreak, over-representation of this group could result in an over-estimation of seroprevalence. Our seroprevalence estimates may also therefore have been affected by differences in the distribution of behavioural risk factors for MVEV infection across age groups. Women were also over-represented in our study compared to the general population. The Murray region is home to many Aboriginal and Torres Strait Islander communities, and future studies should seek better representation of Aboriginal and Torres Strait Islander participants. Furthermore, while the study was powered to provide an adequate level of precision in seroprevalence estimates across the entire geographical area of interest, it was not powered to detect small associations between seropositivity and any of the included risk or protective factors. Therefore, we are unable to decisively point towards risk or protective factors for MVEV infection in this analysis.
In conclusion, we did not detect a discernible increase in MVEV seropositivity since the 2023 outbreak when comparing to similar studies conducted in 2022 and 2011. This supports the hypothesis that the 2023 outbreak was, in fact, relatively small, suggests ongoing immunological vulnerability to flavivirus infection in the northern Victorian community, and underscores the importance of ongoing mosquito control interventions and behavioural measures to avoid mosquito bites in the region during future mosquito seasons. This is likely to become increasingly important as flavivirus epidemiology continues to vary under the influence of climate change.27 Useful next steps may include longitudinal serosurveys and additional research regarding assay cross-reactivity to better interpret serological data in the context of co-circulating flaviviruses in Victoria, particularly following the emergence of JEV. However, this will be a challenge given the small number of cases likely to be definitively diagnosed using molecular methods.
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