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Acknowledgement of Country

We acknowledge the Traditional Owners of the lands on which we meet 
today - the Darug People of the Darug Nation - and pay our respects to 

their Elders past, present and emerging.
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Neurotropic RNA virus - enveloped ss positive sense 

Flaviviridae family:

Highly 
neurotropic

Flaviviruses: Overview
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Pichl T et al, Int J Infect Dix 2022;119:102-110.
Turtle L et al, J Travel Med 2019;26(7):taz064.

• Zika virus
• Dengue
• Yellow fever virus

• Japanese encephalitis virus
• Murray Valley encephalitis virus
• West Nile virus (including Kunjin strain)
• St Louis encephalitis virus
• Tick-borne encephalitis virus
• Louping ill virus



Geographic Distribution of Flaviviruses
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The Tale of Two Seasons

2022: Japanese Encephalitis Virus
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JEV Lifecycle
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Low level viraemia, low chance of 
transmitting virus to mosquito and 

perpetuating cycle

High level viraemia



JEV: Clinical Presentation 
Most common cause of viral encephalitis in SE Asia & Western Pacific

Incubation period: 5-15 days 

Wide clinical spectrum:
• Asymptomatic infection

• Non-encephalitic illness (fever, myalgia, headache common)

• Encephalitis (approx 1 per 250 cases)

• Overall case fatality: 0.3-25%

Encephalitic disease, though rare, carries high morbidity & mortality
• Case fatality: 5-50%

• Brain stem dysfunction, ‘locked-in syndrome’, long-term seizure disorders in 40%
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JEV: Clinical Presentation 

CSF findings
• Pleocytosis common (not universal)
• Lymphocyte predominance
• Raised protein

Neuroimaging (MRI optimal)
• Focal lesions in thalamus (74%) > basal ganglia, 

brainstem, medial temporal lobe
• Meningeal enhancement (13%)
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Pichl T et al, Int J Infect Dix 2022;119:102-110.
Turtle L et al, J Travel Med 2019;26(7):taz064



JEV: Australian Outbreak Timeline

25th February 2022

3rd March 2022

4th March 2022

7th March 2022
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DPI reported JEV detection in commercial piggeries across NSW, VIC, Queensland 

(later in SA)

• Confirmed genotype 4

• Fetal loss & congenital anomalies in piglets

• Huge commercial implications

First human case detection in NSW (fatal), post-mortem Dx

JEV declared Communicable Disease of National Significance by Acting CHO

Establishment of multi-modal diagnostic capacity for JEV

• Molecular assay introduction & validation (RT-PCR)

• Serological assay development

• Viral culture methodologies

 



Diagnosis of Flavivirus Infection 

Detailed clinical history

• Clinical symptoms & timing

• Exposure history: 

• Residence

• Regional / international travel

• Timing of contact 

• Recreational activities & occupational risk 

• Mosquito contact & avoidance behaviours

• Vaccination history (for all flaviviruses)

Physical examination (including neurological) +/- neuroimaging
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Diagnosis of Flavivirus Infection 
Suitable samples for diagnosis:

• Blood, urine, CSF, tissue for PCR 

• Sampling early in illness has highest yield

• Detection of flavivirus-specific RNA is diagnostic (highly specific)

AND

• Serology – minimum two serum samples

• Acute, and 

• Convalescent (+2-4 weeks from symptom onset)

• Diagnosis can be made on basis of : 

• Presence of IgM specific for that flavivirus; and/or

• Significant (4x or greater) rise in IgG or total Ab titre

• Must also test for other possible flaviviruses due to cross-reactivity (shared 

epitopes)
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Diagnosis of Flavivirus Infection 
Detailed history of symptoms & exposures

+

Knowledge of local epidemiology

Bespoke panel of flaviviruses warranting testing

In rural Australia: MVEV, JEV & Kunjin

International travel: also test for dengue, YFV, Zika, or other

(dependent on specifics of travel)

immunisationcoalition.org.au 14



Case #
CSF 

JEV IgM IFA

Serum 

JEV IgM IFA

Serum 

JEV IgG (interval)
JEV RT-PCR mNGS Confirmed / Probable 

JE

1 detected detected >8x titre rise (7 days) detected (brain tissue 
& CSF)

JEV sequence 
detected (brain tissue) confirmed

2 not detected not detected not detected detected (CSF) - confirmed
3 not detected detected 4x titre rise (29 days) not detected (CSF) - confirmed
4 - detected >4x titre rise (7 days) - - confirmed
5 - detected falling IgG titres - - confirmed
6 - detected 4x titre rise (36 days) - - confirmed
7 - detected >16x titre rise (9 days) - - confirmed
8 - detected >4x titre rise (25 days) - - confirmed
9 - detected >4x titre rise (19 days) - - confirmed

10 - detected detected; no convalescent 
serum available - - confirmed

11 - detected detected; no convalescent 
serum available - - confirmed

12 - detected >8x titre rise (41 days) - - confirmed

NSW Case Detections
n=12 (to 31st May 2022) 
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Highest diagnostic yield is for serology

Targeted molecular testing can be high yield 
 - e.g. brain tissue in unexplained encephalitis



NSW Case Detections 
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(2)

(1)

(1)

(8)

Sydney

n = 12

Median age: 49.7 years 

IQR 30.4 to 65.9 years

Range 10.1 to 73.7 years 

Male:Female ratio 2.0

1 paediatric case – diagnosed by serology

First 3 months of outbreak: 

0.15 JE cases per 100,000 population (NSW) 

Prevalence of non-encephalitic disease unknown



Historical JEV Look-Back (2021) 
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Historical lookback of CSFs from across NSW
• 145 CSF samples received from 127 patients with unexplained encephalitis
• Date range: 1 October 2021 - 3 March 2022
• No detections of JEV (IgM and/or PCR)

Conclusion:
• No evidence of human JE cases in six months preceding 2022 outbreak

[Caveat: limited sampling]



National JE Cases: to 24 February 2023 
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Confirmed Probable Fatalities

NSW 14 - 2

Vic 11 3 1

SA 6 4 2

NT 2 1

QLD 2 3 1

Total 35 10 7

Case fatality rate: 20% 
(encephalitic disease)

https://www.health.gov.au/health-alerts/japanese-encephalitis-virus-jev/about#current-status



JEV Vaccination Strategy (ATAGI) 
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On 24 March 2022, JE vaccine recommendations were expanded
• Included all people over 2 months of age in high-risk geographic settings

Each state and territory health department was responsible for:
• Defining eligibility criteria for people in high-risk settings, and 
• Distribution of vaccines



Available JEV Vaccines in Australia 
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Vaccination Priorities in NSW 
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Vaccination Delivery Across Australia 
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In 2022, at least 85,930 people completed a course of a JEV vaccine

• Majority received Imojev (live attenuated)
• Suitable for people aged ≥9 months where there are no contraindications to its use

• Contraindicated in pregnant women and immunocompromised people 

• Not licensed for use in children <9 months of age

• JEspect (inactivated vaccine) recommended for: 
• Pregnant women,

• Children aged 2 months to <9 months, and 

• Immunocompromised individuals

ATAGI 2023 annual statement on immunization



Unanswered Questions 

immunisationcoalition.org.au 23

Origin of 2022 outbreak

Potential endemicity in Australia

Ongoing disease burden of flaviviruses in Australia
– Prevalence of non-encephalitic & asymptomatic disease
– Seasonality in SE Australia vs Northern Australia
– Role of ongoing climate change pressures

Vigilance for other emergent pathogens at human-animal interface



Increased Surveillance Activities 
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• Mosquito trapping 
• characterising species, infection rates, viruses

• Virus detection and characterisation from humans, mosquitos, 
animals

• culture, genomics, PCR

• Serological testing programs
• humans, chickens, birds, pigs



Human JEV Serosurvey (NCIRS) 
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June-July 2022

Report released 12 January 2023

https://www.health.nsw.gov.au/environment/pests/vector/Documents/jev-serosurvey-report.pdf



JEV NSW Serosurvey (NCIRS), June-July 2022 
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JEV IgG detected in 8.7% (80/917) participants

https://www.health.nsw.gov.au/environment/pests/vector/Documents/jev-serosurvey-report.pdf



JEV NSW Serosurvey (NCIRS), June-July 2022 
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Conclusions

• JEV was prevalent in these rural areas 
of NSW and may have affected a large 
number of people. 

• Messaging helpful to encourage uptake 
of vaccine & mosquito-avoidance 
behaviours

https://www.health.nsw.gov.au/environment/pests/vector/Documents/jev-serosurvey-report.pdf



The Tale of Two Seasons

2023: Re-Emergence of MVEV
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Mosquito / Chicken Arbovirus Surveillance – 2022-2023 
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https://www.health.nsw.gov.au/environment/pests/vector/Pages/surveillance-and-monitoring-weekly-reports-season-2022-23.aspx



Sentinel Chicken Seroconversions - 2023 
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No chickens seroconverting to 
JEV in 2023

Seroconversions to MVEV & 
Kunjin demonstrated Jan – 

April 2023



Mosquito Arbovirus Detections - 2023 
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No JEV detections in 
mosquito grinds in 2023

Numerous MVEV & Kunjin 
(as well as other viruses) 
detections from Jan 2023 

to present

https://www.health.nsw.gov.au/Infectious/mosquito-b
orne/Pages/surveillance.aspx



Emergence of Human MVE Cases in 2023 
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• First two cases diagnosed in January 2023
• Fatal encephalitis
• Molecular diagnoses on brain tissue
• +/- subsequent serological confirmation

• Additional case detections over subsequent months
• Concentrated in Murray River Region (NSW/VIC) and across WA & NT
• Fewer cases in SA and QLD
• Seasonality varies by jurisdiction



Diagnosis of MVEV 

33

• Majority of cases diagnosed serologically
• Similar to JEV experience

• Significant “co-positivity” rates with other flaviviruses
• Overlapping risk factors for prior exposure to Kunjin / JEV 

• Anamnestic responses 

• Known IgM cross-reactivity with other flaviviruses

• Detailed analysis of flavivirus serological profile to achieve 
diagnosis

• Specialised expertise required for serological diagnoses



National MVEV Cases: as at 4 June 2023 
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Case Notifications
NSW 5
VIC 6
SA 1
NT 4
WA 4
QLD 1
TAS 0
Total 21

https://nindss.health.gov.au/pbi-dashboard/

Case fatality rate: 27-60% 
(encephalitic disease)



MVEV: Lessons from the (recent) past 
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https://nindss.health.gov.au/pbi-dashboard/



MVEV: Lessons from the (recent) past 

36Selvey et al, PLoS Negl Trop Dis. 2014;8(1):e2656



Vaccination for MVEV & other encephalitic 
flaviviruses 
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No available vaccine for MVEV

Increased interest in development of vaccines to range of flaviviruses



Flavivirus Vaccination Cross-Protection
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Flavivirus-specific immunity is complex

Animal studies suggest cross-reactive immunity within the JEV serocomplex 
(JEV/MVEV/WNV/St Louis)

Rathore & St John, Frontiers Immunol. 2020;11:334.
Lobigs et al, J Virology. 2009;83(6): 2436.



Flavivirus Circulation in Australia: 2023
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• Increase in case detections of MVEV in 2023
• High correlation with chicken seroconversions and mosquito 

detections

• Clinically: encephalitic disease carries high mortality & morbidity

• No human cases of JEV diagnosed in 2023 season

• No encephalitic cases of Kunjin diagnosed
• Consistent with expected spectrum of disease



Conclusions
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Diagnosis of JEV, MVEV and Kunjin is complex

Serological (acute + convalescent) and molecular testing are highly complementary tools for 

flavivirus diagnosis

Accurate diagnosis requires integration of:

• Clinical presentation

• Local epidemiology

• Patient’s travel / exposure / vaccination history -> bespoke flavi “panel”

• Understanding of assay parameters

• Inter-laboratory collaboration

Australian flavivirus landscape is in evolution and subject to environmental influences

• Questions of endemicity remain open (JEV)

Vaccination and education of at-risk populations is critical

Potential OneHealth lessons / opportunities abound

• Interplay of vector-animal-human transmission dynamics + climate factors

• Drivers of apparent in-vector arbovirus predominance
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