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Original article

Emergence of locally acquired 
Japanese encephalitis virus in Australia,  
January 2021–June 2022: a national case series
Amanda Reyes Veliz, Stacey Kane, Anna Glynn-Robinson

Abstract
Background and methods

In March 2022, an outbreak of Japanese encephalitis virus (JEV) infection was identified in temperate 
south-eastern Australia, with detections in humans and animals. The unexpected emergence of 
JEV prompted a national public health response and a Communicable Disease Incident of National 
Significance was declared. JEV has previously only been identified in tropical north-eastern Australia in 
localised outbreaks. This article provides a descriptive analysis of the human case epidemiology of the 
national outbreak from 1 January 2021 to 30 June 2022.

Results

There were 42 confirmed and probable human cases of JEV identified as acquired in Australia between 
1 January 2021 and 30 June 2022. Seven deaths occurred (case fatality rate: 17%). Cases were identified 
in five Australian jurisdictions (New South Wales, Victoria, Queensland, South Australia and the 
Northern Territory). The majority of cases were aged 60 years and over (55%; 23/42), with a median age 
of 61.5 years (range: 0–79 years; interquartile range: 45–70 years); cases were predominantly of non-
Indigenous status (90%; 38/42). Sixty-seven percent (28/42) were male. Of the cases with geographical 
data available (n = 41), all were likely exposed to the virus in 31 unique local government areas across 
regional and remote Australia.

Conclusions

Cases were detected across Australia in five jurisdictions, requiring a national public health response, 
to detect and prevent further cases. There was widespread geographical distribution over 18 months. 
Given the risk of further cases and possible endemicity of JEV being established in Australia, expanded 
environmental and human surveillance programs are required.

Keywords: emerging diseases; infectious diseases; Japanese encephalitis; Japanese encephalitis virus; 
flaviviruses; mosquitos; Australia
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Background
Japanese Encephalitis Virus (JEV) is a mosquito-
borne RNA virus belonging to the genus Flavivirus, 
with five distinct genotypes (GI–GV). Mosquitos 
transmit JEV to a range of vertebrate hosts, includ-
ing water birds and pigs, to maintain a natural and 
domestic transmission cycle.1–3 Whilst humans are 
susceptible to JEV infection, they do not transmit the 
virus.3 

Although most cases of JEV infection are asymp-
tomatic, some may experience a mild febrile illness 
and approximately 1% of infections may result in 
Japanese encephalitis (JE).3,4 The estimated annual 
incidence of JE is 68,000–100,000 cases worldwide.5,6 
This is likely underestimated, given limitations of 
surveillance in endemic countries.1 The mortality 
rate of JE is estimated to be in the range 16–24%, 
with 44–49% of surviving cases experiencing ongo-
ing neurological sequelae.7 

JEV has spread extensively over the last 50 years 
through South East Asia and the Western Pacific,3,8 
and is endemic in over 24 countries across these 
regions.9 In Australia, JEV cases have been limited 
to small localised outbreaks, or imported following 
overseas acquisition during travel to JEV-endemic 
countries.10 JEV was first detected in Australia in 
1995, when an outbreak of three cases was identi-
fied on Badu Island in the Torres Strait.11 Two cases 
occurred in 1998, with one case identified in the 
Torres Strait and the other on Cape York Peninsula, 
which was the first detection of JEV on mainland 
Australia.12 

Environmental surveillance programs for JEV were 
conducted in the Torres Strait between 1995 and 
2005 and in north-eastern Australia since 1998.13 
Between 1995 and 2005, the continuous presence 
of JEV in mosquitos and pigs was detected in both 
regions.13–17 Following this period, there were no 
further cases or environmental or animal detec-
tions.8,13,18 The status of JEV in the Torres Strait since 
2005 remains unknown.13 

In early 2021, a single JEV case was detected in a resi-
dent of the Tiwi Islands in the Northern Territory.19 
In February 2022, JEV was detected and confirmed in 
commercial piggeries in Victoria, New South Wales, 
South Australia and Queensland.20 This was the first 
time that JEV had been detected in south-eastern 
Australia. Human cases were identified in multiple 
states and territories during February–June 2022.

The 2021 Northern Territory case and the February 
2022 detections in commercial piggeries were iden-
tified as the same JEV genotype (Genotype IV),21 
and were unrelated to previous incursions of JEV 
in Australia (Genotype II).11,15 An outbreak investi-
gation commenced, incorporating human, animal, 
environmental and laboratory sectors. 

On 4 March 2022, the JEV outbreak was declared 
a ‘Communicable Disease Incident of National 
Significance’ (CDINS) as the first human cases of JEV 
were confirmed.22 This paper describes the epidemi-
ology of human JEV cases reported in Australia dur-
ing the period between January 2021 and June 2022. 

Methods
Case definition

Human cases of confirmed and probable JEV 
infection (Box 1), reported in Australia between 
1 January 2021 and 30 June 2022, are included. The 
outbreak case definition evolved over time, with 
the presented version endorsed in September 2022. 
Laboratories testing for JEV applied the Public 
Health Laboratory Network (PHLN) flavivirus labo-
ratory case definition (amended in May 2022).23

Data sources

De-identified line-listed case data were provided 
by states and territories via a Research Electronic 
Data Capture (REDCap) database and the National 
Notifiable Disease Surveillance System (NNDSS), to 
the Australian Government Department of Health 
and Aged Care under the auspices of the National 
Health Security Act 2007. Data were extracted from 
the REDCap database and the NNDSS on 17 January 
2023; due to the dynamic nature of these databases, 
the data are subject to retrospective revision.
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Box 1: Japanese encephalitis virus outbreak case definitions, as endorsed by the 
Communicable Diseases Network Australia 

Confirmed case: a person with Japanese encephalitis virus (JEV) infection diagnosed by a reference 
laboratory requiring laboratory definitive evidence only on a specimen with collection date from 
1 January 2021, where Australia is the likely place of acquisition. 

Probable case: a person with JEV infection diagnosed by a reference laboratory requiring laboratory 
suggestive evidence on a specimen with collection date from 1 January 2021, where Australia is the likely 
place of acquisition AND EITHER 

a. epidemiological evidence 

OR 

b. clinical evidence with onset of clinical symptoms from 1 January 2021. 

Epidemiological evidence

A person who has spent time from 1 January 2021 in a location considered high risk for JEV in Australia. 
High risk locations include: areas where there are confirmed detections of JEV in humans, mosquitoes, 
or animals; being in proximity to domestic or feral pigs in occupational, residential or recreational 
settings; or areas where occupational or recreational outdoor activities are undertaken near potentially 
productive mosquito habitat.

Clinical evidence

A person presenting with encephalitic disease (acute meningoencephalitis) or non-encephalitic case 
(acute febrile illness with headache, with or without myalgia and rash with an onset of illness).

Recommended laboratory practises for the diagnosis of JEV (as described in the Public Health 
Laboratory Network flavivirus laboratory case definition)

• JEV specific nucleic acid amplification methods were used on cerebrospinal fluid (CSF), whole 
blood and urine samples targeting non-structural proteins and the E gene.

• JEV specific serology was performed on CSF and serum samples to detect JEV-specific 
immunoglobulin M (IgM) using enzyme immunoassays. Cross-reactivity of antibodies against 
other flaviviruses is common and serological tests for Dengue virus (DENV), Murray Valley 
encephalitis virus (MVEV) and Kunjin strain of West Nile Virus (WNVKUN) were also undertaken 
to aid interpretation of likely cause of IgM rise.

Cases, or their next of kin, were interviewed by 
state and territory health departments, using either 
a state-based questionnaire or a national question-
naire developed in March 2022. Most cases were 
interviewed using state-based questionnaires, which 
collected similar information but were tailored to 
each jurisdiction. Data collected included demo-
graphic, symptom, outcome, exposure information, 
and all locations cases had visited in the 21 days prior 
to symptom onset. If case interviews were not possi-
ble, states and territories reviewed clinical records.

Based on exposure location information, the local 
government area (LGA) of likely exposure was deter-
mined by states and territories through epidemiolog-
ical assessment. Where cases had spent part of their 
exposure period in multiple LGAs and there was 
plausible risk exposure within each LGA, assigning a 
single LGA of likely exposure was difficult; therefore, 
some cases were assessed to have more than one LGA 
of likely exposure. 
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Data management and analysis

We conducted descriptive analysis of JEV cases. Cases 
were stratified by sex, age, Indigenous status, jurisdic-
tion of residence, and likely exposure location. The 
Australian Bureau of Statistics (ABS) national and 
state Estimated Resident Populations from December 
2021 were used to calculate rates per 100,000 popu-
lation.24 Analyses were conducted in R studio v4.0.0 
(2020) and Microsoft Excel version 2108 (2022). 
Cases were analysed by date of onset or, where date of 
onset was not reported, by first specimen collection 
date. Cases reported without an onset or first speci-
men collection date were excluded from analysis.

LGAs were applied as per the Australian Statistical 
Geography Standard (ASGS) statistical area.25 To 
analyse cases by ASGS 2016 remoteness areas (‘major 
city’, ‘regional’ and ‘remote’),26 the ‘LGA of likely 
exposure’ and the ‘LGA of residence’ were categorised 
using Arc GIS Pro 10.3 mapping software (2022). 

If the LGA of residence overlapped the ASGS remote-
ness areas, data from the REDCap database were 
matched to NNDSS using jurisdictional IDs to iden-
tify the case postcode of residence. This postcode 
was used to determine the ASGS remoteness area of 
residence. Mapping of postcodes for ‘likely exposure’ 
to ASGS remoteness area was not possible, as these 
data were not collected nationally.

To determine the proximity of the ‘LGA of likely 
exposure’ to the ‘LGA of residence’, distance-driving 
times were analysed. If a case had multiple ‘LGAs of 
likely exposure’, the shortest distance to the LGA of 
residence was selected. Given the large geographical 
areas of LGAs reported, this analysis only approxi-
mates distance.

Ethical issues
Ethics approval was provided by Australian National 
University Human Research Ethics Committee, 
protocol number 2017/909 for this paper.

Table 1: Demographic characteristics of Japanese encephalitis virus cases (confirmed and probable), 
Australia,a 1 January 2021 – 30 June 2022

Category Number of cases Percentage of cases
Rate per 100,000 

population

Jurisdiction of 
residenceb

NSW 13 31% 0.2

NT 2 5% 0.8

Qld 5 12% 0.1

SA 9 21% 0.5

Vic. 13 31% 0.2

Sex
Female 14 33% 0.1

Male 28 67% 0.2

Age group

0–9 2 5% 0.1

10–19 2 5% 0.1

20–29 1 2% 0.0

30–39 4 10% 0.1

40–49 4 10% 0.1

50–59 6 14% 0.2

60–69 12 29% 0.4

70–79 11 26% 0.6

80 and over 0 0% 0.0

Indigenous statusc
Indigenous 4 10% 0.5

Non-Indigenous 38 90% 0.2

a Source: Australian Government Department of Health and Aged Care Japanese Encephalitis Virus Outbreak REDCap Database.
b NSW: New South Wales; NT: Northern Territory; Qld: Queensland; SA: South Australia; Vic.: Victoria.
c Cases with unknown Indigenous status were categorised as non-Indigenous.
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Results
In the period from 1 January 2021 to 30 June 2022, 
there were 42 cases of JEV (32 confirmed and 
10 probable) reported in Australia from New South 
Wales, Victoria, Queensland, South Australia and 
the Northern Territory (Table 1). 

The national outbreak peaked in February 2022, 
with most cases (93%; 39/42) occurring over a 
14-week period from December 2021 to March 2022 
(Figure 1). Whilst cases in Victoria occurred consist-
ently, with notifications on nine of the 14 weeks dur-
ing this period, Queensland cases were intermittent, 
occurring a month apart. In New South Wales and 
South Australia, cases occurred over the same seven-
week period from January 2022 to March 2022.  
The two cases identified in residents of the Northern 
Territory were sporadic and detected before and after 
the peak of cases in early 2022. The two cases that 
reported symptom onset in the first half of 2021 were 
identified as having likely exposure in the Northern 
Territory: one a resident of the Northern Territory 
and the other a Victorian resident who was likely 
exposed while travelling in the Northern Territory.

Most cases were male (67%; 28/42), with a rate of 
0.20 per 100,000 male population, double the female 
rate (0.10 per 100,000 female population) (Table 1). 
The median age of cases was 61.5 years (range: 0–79 
years; interquartile range [IQR]: 45–70 years) with 
more than half aged 60 years and over (55%; 22/40).

The overall male to female ratio was 2:1, but when 
analysed by age group, this ratio varied, with a male 
to female ratio of 1:1 in the 40–49 years and 50–59 
years age groups, versus 4.5:1 in the 70–79 years age 
group. 

Four cases were reported in Aboriginal and/or Torres 
Strait Islander peoples (0.5 per 100,000 Aboriginal 
and Torres Strait Islanders population). The cases in 
Aboriginal and Torres Islander peoples occurred in 
New South Wales and the Northern Territory and 
were younger than the overall outbreak cohort, with 
a median age of 15 years (range: 7–45 years).

Figure 1: Japanese encephalitis virus cases (confirmed and probable) in Australia by jurisdiction of 
residence and symptom onset week,a,b 1 January 2021 – 30 June 2022

0

1

2

3

4

5

6

7

8

27
/1

2/
20

20
10

/0
1/

20
21

24
/0

1/
20

21
7/

02
/2

02
1

21
/0

2/
20

21
7/

03
/2

02
1

21
/0

3/
20

21
4/

04
/2

02
1

18
/0

4/
20

21
2/

05
/2

02
1

16
/0

5/
20

21
30

/0
5/

20
21

13
/0

6/
20

21
25

/0
6/

20
21

9/
07

/2
02

1
23

/0
7/

20
21

6/
08

/2
02

1
20

/0
8/

20
21

3/
09

/2
02

1
17

/0
9/

20
21

1/
10

/2
02

1
15

/1
0/

20
21

29
/1

0/
20

21
12

/1
1/

20
21

26
/1

1/
20

21
10

/1
2/

20
21

24
/1

2/
20

21
7/

01
/2

02
2

21
/0

1/
20

22
4/

02
/2

02
2

18
/0

2/
20

22
4/

03
/2

02
2

18
/0

3/
20

22
1/

04
/2

02
2

15
/0

4/
20

22
29

/0
4/

20
22

13
/0

5/
20

22
27

/0
5/

20
22

10
/0

6/
20

22
24

/0
6/

20
22

N
um

be
r o

f c
as

es

Symptom onset date

 

NSW confirmed case NSW probable case
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a Source: Australian Government Department of Health and Aged Care Japanese Encephalitis Virus Outbreak REDCap Database.
b Date of symptom onset or date of first specimen collection if date of symptom onset is missing.
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Table 2: Japanese encephalitis virus case (confirmed and probable) outcomes by jurisdiction of residence, 
Australia,a 1 January 2021 – 30 June 2022

Jurisdiction 
of residenceb

Hospitalisations Admission to ICU Deaths

Number Proportion Number Proportion Number Proportion

NSW 11 31% 7 35% 2 29%

NT 2 6% 1 5% 1 14%

Qld 3 9% 2 10% 1 14%

SA 9 26% 5 25% 2 29%

Vic. 10 29% 5 25% 1 14%

Total 35 100% 20 100% 7 100%

a Source: Australian Government Department of Health and Aged Care Japanese Encephalitis Virus Outbreak REDCap Database.
b NSW: New South Wales; NT: Northern Territory; Qld: Queensland; SA: South Australia; Vic.: Victoria.

Eighty-three percent (35/42) of cases were hospi-
talised, of which 57% (20/35) were admitted to an 
intensive care unit (ICU; Table 2). Most cases hos-
pitalised (65%; 23/35) and admitted to ICU (65%; 
13/20) were male. Six cases (6/42) were reported 
with co-infections, all of whom were hospitalised. 
Of these, four were reported to be co-infected with 
coronavirus disease 2019 (COVID-19) and two with 
Ross River virus infection.

Seven cases were reported to have died due to JEV 
infection, with an overall case fatality rate of 17% 
(Table 2). All of these cases were aged over 40 years; 
four were male (57%). 

Geographical distribution

There were 41 cases (98%; 41/42) with exposure loca-
tion data available. Of these, 93% (38/41) reported 
one ‘likely LGA of exposure’, and 7% (3/41) reported 
more than one ‘likely LGA of exposure’. There were 
31 unique LGAs identified across five jurisdictions as 
exposure locations (New South Wales (10); Northern 
Territory (3); Queensland (7); South Australia (5); 
Victoria (6)). All LGAs were located in either regional 
or remote Australia. 

The LGAs where exposures occurred varied by differ-
ent periods of the outbreak. For cases with symptom 
onset between 1 January 2021 and 31 December 2021, 
there were seven LGAs identified as exposure loca-
tions. Two were identified in the Northern Territory, 
in March 2021 and May 2021; four were identified 
in Queensland, and one in Victoria, in December 
2021 (Figure 2a). When cases increased in January 
2022 (Figure 2b), 13 cases reported exposures in 13 
LGAs across Queensland (n = 3), New South Wales 
(n = 3), Victoria (n = 3), and South Australia (n = 4). 

In the peak of the outbreak in February 2022 
(Figure 2c), 21 cases reported exposures in 13 LGAs, 
with the highest density localised to south-eastern 
Australia in New South Wales (n = 6), Victoria (n = 3) 
and South Australia (n = 2), and two LGAs in south-
west Queensland. From 1 March 2022 to 30 June 
2022 (Figure 2d), exposures were reported across 
four LGAs in Victoria (n = 1), Queensland (n = 1), 
New South Wales (n = 1) and the Northern Territory 
(n = 1). There were only four LGAs where exposures 
occurred in more than one of these time periods.

Environmental exposure of cases

Eighty-three percent (35/42) of cases reported at least 
one occupational, environmental, or recreational 
exposure, of whom 80% (28/35) reported more than 
one. The most commonly reported exposures were 
‘living on or visiting a rural property or area’ (57%; 
20/35), ‘water sports/fishing/boating’ (40%; 14/35) 
and ‘camping’ (40%; 14/35) (Table 3).

For cases aged 60 years and over, the most com-
mon exposure reported was ‘camping’ (55%; 11/20), 
whilst for those under 60 years, most reported ‘living 
on or visiting rural property or area’ (78%; 14/18). 
Reported exposures differed between males and 
females, with males reporting ‘water sports/fishing/
boating’ (56%; 14/25) whilst females reported ‘Living 
on or visiting a rural property or area’ (62%; 8/13). 

Data collected, regarding exposure to any animal or 
vectors associated with the JEV transmission cycle, 
indicated that 71% of cases (30/42) reported at least 
one animal or vector exposure. Mosquito exposure 
(90%; 27/30) was the most common (Table 4). 
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Figure 2: Time series maps of human Japanese encephalitis virus cases (confirmed and probable) by 
likely local government areas (LGA) of exposure (n = 41)a,b and symptom onset,c 1 January 2021 – 
30 June 2022,d Australia

2a: 1 January – 31 December 2021 2b: 1–31 January 2022

2c: 1–28 February 2022 2d: 1 March – 30 June 2022

a Cases with unknown ‘likely LGA of exposure’ are excluded from time series maps.
b Cases may have more than one LGA listed as the ‘likely LGA of exposure’, therefore the number of LGAs reported will not be 

equal to the number of cases reported.
c Date of symptom onset or date of first specimen collection if date of symptom onset is missing.
d Source: Australian Government Department of Health and Aged Care Japanese Encephalitis Virus Outbreak REDCap Database.



www.health.gov.au/cdi • Commun Dis Intell (2018)  2025;49  (https://doi.org/10.33321/cdi.2025.49.005) • Epub 22/01/2025 10

Table 3: Japanese encephalitis virus cases (confirmed and probable) by occupational, environmental and 
recreational exposures, Australia,a 1 January 2021 – 30 June 2022 (n = 35)

Occupational, environmental or recreational exposures Number of casesb Percentagec

Live on or visit a rural property/rural area 20 57

Camping 14 40

Water sports/fishing/boating 14 40

Farmer/farm worker 9 26

Works outside 8 23

Gardening 4 11

Spent time in parklands (e.g. State or National Parks; botanical gardens; 
golf courses etc.) 2 6

Piggery (including pig abattoir, pork rendering plant, animal/feed 
transport related to pigs) 1 3

Hunting (e.g. pig hunting) 1 3

Agricultural show 0 0

Environmental health (incl. state, council etc.) 0 0

Veterinary practice 0 0

Laboratory 0 0

Other exposured 5 13

a Source: Australian Government Department of Health and Aged Care Japanese Encephalitis Virus Outbreak REDCap Database.
b Cases may have reported more than one exposure and therefore total number of exposures will not be equal to the total number of 

cases. 
c The denominator is total number of cases who reported occupational/environmental data (n = 35).
d ‘Other exposures’ include travel for work, outdoor recreational activities such as swimming.

Table 4: Japanese encephalitis virus cases (confirmed and probable) by animal exposures, Australia,a 
1 January 2021 – 30 June 2022 (n = 30)

Animal or vector exposures Number of casesb Percentagec

Mosquitoes 27 90

Birds 4 13

Horses 3 18

Pigs 2 7

Bats 0 0

Other animalsd 6 20

a Source: Australian Government Department of Health and Aged Care Japanese Encephalitis Virus Outbreak REDCap Database.
b Cases may have reported more than one exposure and therefore total number of exposures will not be equal to the total number of 

cases. 
c The denominator is total number of cases who reported animal or vecor exposure data (n = 30).
d ‘Other animals’ include sheep, cattle, dogs, cats and rabbits.
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Location of infection

Of the 41 cases with exposure data available, the 
‘likely LGA of exposure’ for 16 cases (39%) did not 
match their LGA of residence. For these cases, the 
‘likely LGA of exposure’ was more than an hour’s 
drive from their LGA of residence, with 56% (9/16) 
reporting residing in a ‘major city’. The most com-
mon exposures reported by these cases included 
‘camping’ (75%; 12/16) and ‘water sports/fishing/
boating’ (38%; 6/16). 

There were 25 cases (61%, 25/41) where the likely 
LGA of exposure matched their LGA of residence. 
The most common exposures reported by these cases 
included ‘living on or visiting a rural property or 
area’ (60%; 15/25) and ‘water sports/fishing/boating’ 
(28%; 7/25). Only 4% of these cases (1/25) reported 
‘camping’ as a potential exposure. 

Discussion
This article describes the epidemiology of an out-
break of JEV that occurred in Australia between 
1 January 2021 and 30 June 2022. There were 42 
confirmed and probable cases of JEV reported across 
five jurisdictions during this period, with 83% hospi-
talised (n = 35) and a CFR of 17% (n = 7). Compared 
with previously detected locally acquired cases of 
JEV in Australia,11,12 this outbreak had more cases; 
had a longer period of transmission; and occurred 
over a larger geographical area. 

Before this outbreak, JEV was rarely locally acquired 
in Australia, and vaccines were only recommended 
for travellers to endemic countries and for residents 
of the Torres Strait.27,28 Most of the Australian popu-
lation is unvaccinated against JEV and susceptible 
to infection. Where JEV is endemic internationally, 
disease predominantly impacts children; however, 
when JEV is introduced into a population, cases are 
mostly observed in adults.4,29 Our analysis reflects 
this, with most cases occurring in adults aged over 
18 years (93%; n = 39). 

In previous Australian outbreaks, human cases 
and environmental detections remained local-
ised to the Torres Strait and Cape York Peninsula. 
Our paper shows that JEV had spread to new geo-
graphical areas in Australia during the outbreak, 
with cases likely acquiring their infection across 31 
LGAs in New South Wales, Victoria, South Australia, 
Queensland, and the Northern Territory. The first 
cases detected in 2021 were localised to two LGAs in 
the Northern Territory, but by early 2022, cases had 

been identified in an additional 29 LGAs across four 
other jurisdictions. 

From February 2022 to May 2022, there were reports 
of environmental and animal JEV detections.20 This 
includes detections in over 70 commercial piggeries 
across New South Wales, Queensland, Victoria and 
South Australia,20 and detections of JEV in feral pigs 
in the Northern Territory,29 as well as inconclusive 
results in horses in New South Wales.30 There were 
also detections from mosquitoes and seroconver-
sion in sentinel chickens.31,32 Human cases in this 
outbreak reflect the wide geographical distribution 
of environmental and animal detections of JEV in 
Australia. There were reported environmental and 
animal detections in LGAs where human JEV cases 
have not yet been detected.29,32–35 Considering the 
geographical spread already seen in this outbreak, it 
is possible that human cases of JEV could be detected 
in these areas in the future.

The surge of JEV cases in Australia is likely to have 
been accelerated by favourable weather conditions, 
such as the record-breaking rain and flood events 
across Australia preceding and during the outbreak 
period.36,37 These weather events likely provided 
habitats for the proliferation and expansion of mos-
quito and waterbird populations across large parts 
of Australia.16,38 Water birds are natural reservoirs 
of JEV, and have been implicated in introducing JEV 
into new geographic areas that follow their migra-
tory patterns.39 

JEV is closely related to other mosquito-borne viruses 
that are endemic to Australia, including Murray 
Valley Encephalitis Virus (MVEV) and West Nile 
Virus Kunjin subtype (WNVKUN).40 Virus isolation 
and vector competence studies have identified the 
Culex sitiens subgroup of mosquitos, including Culex 
annulirostris, to be the likely principal vectors of JEV 
in Australia.16,41 Culex annulirostris is also the princi-
pal vector of MVEV and WNVKUN.18,42 Previous out-
breaks of MVEV were associated with heavy rainfall 
and flooding events.43 Given the similarities between 
JEV and other mosquito-borne viruses, it is possible 
that JEV will follow similar geographical distribu-
tion and seasonal patterns in the future. 

All cases in this outbreak likely acquired their JEV 
infection in regional and remote areas of Australia. 
This replicates epidemiological patterns found in 
JEV-endemic countries.4 Some cases in this outbreak 
did not live where they were likely exposed and had 
driven at least one hour to their potential exposure 
location and reported outdoor activities includ-
ing camping and water sports, fishing and boating.  
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This indicates that travellers, as well as residents of 
high-risk areas in Australia, in regional and remote 
areas, need to be targeted in public health campaigns 
about their risk of exposure to JEV. 

Public health actions in response to the outbreak 
included offering JEV vaccination to high-risk pop-
ulations,44 and communication campaigns regard-
ing mosquito awareness. Our analysis has shown 
sustained transmission of JEV in some parts of 
Australia, with the latest cases in this outbreak occur-
ring more than a year after JEV was first detected 
in the Northern Territory. As there have also been 
extensive environmental and animal detections, it is 
possible that JEV may become endemic across main-
land Australia. Vaccination and mosquito control 
methods have proven to be effective at reducing the 
burden of JEV.1 Further research and surveillance 
are required to understand the extent of JEV spread 
across Australia, and implications for the public 
health response.

Limitations

There are several limitations associated with our 
analysis. There were different case questionnaires 
used over time in this outbreak, and data may 
not have been collected consistently across cases. 
Determining likely exposure location by states and 
territories was subjective, dependent on case inter-
view data, and may not truly reflect where a case was 
exposed to JEV, particularly if the case spent their 
exposure period in multiple LGAs. Future investi-
gation and mapping of environmental and animal 
detections may assist in further targeting future pub-
lic health activities. We have not included analysis 
about environmental and animal detections as it is 
out of scope of this paper. 

As approximately 1% of JEV infections result in 
clinical disease,4 the cases described in this article 
likely under-represent the true JEV infection rate in 
Australia. Testing for JEV focused on patients with 
unexplained encephalitis,22 therefore cases that were 
asymptomatic or had milder disease were unlikely 
to be tested and are not included in this cohort. In 
serosurveys in regional NSW and Victoria, JEV anti-
bodies were found in 3.3% and 9% of all participants 
in Victoria and New South Wales respectively.46,47 
Additionally, longer-term illness outcomes were 
not captured in the outbreak response database and 
therefore are not able to be reported here. 

Conclusion
In this outbreak, there was unprecedented detection 
of human JEV cases across a vast geographical area 
in Australia. As human cases and environmental 
and animal detections emerged over an 18-month 
period, there is potential for future detections of JEV 
in humans to occur in new and known geographi-
cal areas of Australia. Given the risk of further cases, 
and of JEV becoming endemic in Australia, ongoing 
and extended environmental and human surveil-
lance is required.
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