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In the context of an emerging Japanese encephalitis
outbreak within Australia, we describe a novel locally ac-
quired case in New South Wales. A man in his 70s had
rapidly progressive, fatal meningoencephalitis, diagnosed
as caused by Japanese encephalitis virus by RNA-based
metagenomic next-generation sequencing performed on
postmortem brain tissue.

apanese encephalitis virus (JEV) is a single-strand-

ed, positive-sense, RNA flavivirus endemic to
tropical regions of South and Southeast Asia and
is the most common cause of vaccine-preventable
encephalitis in the Asia-Pacific region (1). As for
Murray Valley encephalitis virus and Kunjin virus,
2 other flaviviruses endemic in Australia, most JEV
infections are asymptomatic, but severe meningoen-
cephalitis can occur in up to 1% (2) of cases. Although
incidence varies geographically, 100,000 cases are
estimated annually worldwide, resulting in 709,000
disability-adjusted life years through severe neuro-
logic disease complications (3). Nonspecific febrile
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illness is the typical clinical manifestation, but in se-
vere cases, rapidly progressive neurologic deteriora-
tion, reduced consciousness, movement disorders,
seizures, and coma can occur. Neuroinvasive JEV
mortality can reach 30%, and major neurologic dis-
ability approaches 50% (4).

Culex tritaeniorhynchus mosquitoes are the pri-
mary vector for JEV transmission in Asia. Although
previously thought absent from Australia, this spe-
cies was recently detected in the Darwin and Kath-
erine regions of the Northern Territory (5). The Cx.
annulirostris mosquito, which is the primary vector
for Flaviviridae transmission in Australia, has also
been implicated in JEV transmission globally. JEV
has previously been isolated from subspecies of Aedes
and Anopheles mosquitoes, both present in Australia.
Wading and water birds are the virus’s natural host;
feral and domestic pigs are particularly susceptible.
Transmission between pigs occurs through mucosal
and microdroplet contacts, enabling disease amplifi-
cation and acting as a protective reservoir for the vi-
rus. However, humans are dead-end hosts, probably
because of low levels of or short-lived viremia (6).

In Australia, sporadic human cases and virus iso-
lation in pigs and mosquitoes have all been confined
to the tropical north of the country (7,8). Since Feb-
ruary 2022, however, JEV has been found in 4 states
in Australia (New South Wales [NSW], Victoria,
Queensland, and South Australia), thousands of ki-
lometers from previously detected cases. We describe
a locally acquired case of fatal JEV meningoencepha-
litis in a NSW resident in January 2022. The infection
was diagnosed by RNA-based metagenomic next-
generation sequencing (RNA-mNGS) performed on
postmortem brain tissue.
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The Case

A man in his 70s sought care at a rural hospital after
3 days of fever and progressive confusion. Results
of septic screen, chest radiography and computed
tomography brain scan were unremarkable. Despite
empiric intravenous flucloxacillin and gentamicin,
the patient experienced progressive neurologic de-
terioration and required intubation. Cerebrospinal
fluid (CSF) testing revealed a lymphocyte predomi-
nant pleocytosis of 126 x 10¢ cells/L (50 x 10° cells/L
polymorphs and 76 x 10° cells/ L mononuclear cells)
and elevated protein of 0.96 g/L (reference range
0.15-0.45). No organisms were isolated. Results of
CSF nucleic acid testing (NAT) were negative for
Neisseria meningitidis, Streptococcus pneumoniae, her-
pes simplex virus types 1 and 2, enterovirus, varicel-
la zoster virus, parechovirus, cytomegalovirus, and
Epstein-Barr virus. CSF and serum samples tested
negative for antineuronal antibodies (PCA-1/PCA-
2/ANNA-1/ANNA-2/Mal/Ma2/Amphiphysin/
SOX-1/CRMP-5/Tr) and limbic encephalitis panel
(anti-NMDA /CASPR-2/LGI-1/GABA-B/DPPX/
IgLON5/AMPA-1/AMPA-2). Empiric treatment
was changed to intravenous ceftriaxone, benzylpeni-
cillin, and aciclovir. Magnetic resonance brain imag-
ing showed an equivocal T2/FLAIR hyperintensity
in the dorsal midbrain and pons with sparing of both
thalami and basal ganglia (Figure 1). Electroenceph-
alogram demonstrated encephalopathic features.
Repeat CSF examination on day 10 demonstrated
lymphocytic pleocytosis (57 x 10° cells/L mononu-
clear cells), and results of repeat culture, NAT, and
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antineuronal/limbic encephalitis panels were nega-
tive. CSF protein remained elevated at 0.86 g/L.

Despite supportive management and broaden-
ing of antimicrobial therapy with meropenem, the
patient showed no neurologic improvement and, af-
ter discussion with his family, ventilator support was
withdrawn; he died 22 days after symptom onset. In
the absence of a definitive diagnosis, a noncoronial
limited brain autopsy was performed. Twenty-four
brain tissue samples were sent for neuropathologic
examination; 10 were sent for RNA-mNGS analysis
(9). Initial sequencing of the right anterior hippocam-
pus, amygdala, and left striatum returned only host-
derived sequences. Additional pooled samples of li-
braries of the left hippocampus, left upper midbrain,
pons, medulla, right cerebellum, and dentate nucleus
identified 4 JEV genotype IV sequences. We detected
JEV RNA by real-time reverse transcription PCR tar-
geting the JEV NS1 region (10) in all 10 samples (cycle
threshold values 34.3-38.3). Neuropathology showed
widespread meningoencephalitis, more marked in
gray matter and most severe in the thalamus, hip-
pocampus, and substantia nigra, with perivascular
and interstitial lymphocytes (predominantly CD8+
T-cells), macrophages/activated microglia, and loose
microglial nodules (Figure 2). Retrospective testing of
stored serum samples demonstrated JEV-specific IgM
and IgG seroconversion. JEV-specific IgM, but not
RNA, was detected in CSF. Further history revealed
the patient had recently visited a neighboring town
containing numerous domestic pig farms, where JEV
was detected and subsequently confirmed.

Figure 1. Axial FLAIR magnetic
resonance imaging brain
sequence in a patient with locally
acquired Japanese encephalitis
virus detected using clinical
metagenomics, New South
Wales, Australia. A) Equivocal
hyperintensity in the dorsal
midbrain and pons; B) sparing of
the thalamus and basal ganglia.
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Discussion

JEV was detected for the first time across southeastern
Australia in 2022 and, as of January 5, 2023, a total of
45 human cases of JEV had been notified in Australia
since January 1, 2021 (of which 14 were from NSW),
including 7 deaths (11). The described case was undi-
agnosed premortem; JEV was not known to be pres-
ent in NSW at the time of the patient’s admission.
RNA-mNGS enabled a definitive diagnosis postmor-
tem through the detection of JEV-specific sequences
in brain tissue, confirmed by NAT and seroconver-
sion on retrospective serum testing. The diagnosis
was further corroborated by the concurrent detection
of JEV in piggeries across 4 Australia states. Similar
to other reported cases of infection with fatal geno-
type IV (12), this case evidenced profound neurologic
deterioration 3-4 days after symptom onset with CSF
lymphocyte predominant pleocytosis and JEV-spe-
cific IgM in CSF. However, unlike other case reports,
some typical markers of JEV, such as T2/FLAIR hy-
perintense signal change in both thalami, basal gan-
glia, and substantia nigra, occasionally associated
with hemorrhage, were not present in this case. The
lack of JEV RNA detected in CSF is not uncommon
because of the relatively brief viremia in humans, al-
though prolonged viruria of 26 days and viremia of
28 days have been reported (13). JEV is typically di-
agnosed by the detection of JEV-specific IgM in CSF
or through JEV-specific IgG seroconversion in serum
samples, but false-positive results of serologic test-
ing for JEV might occur because of cross-reactivity to
other flaviviruses.

This case highlights the diagnostic value of
pathogen-agnostic mNGS for pathogens not iden-
tified through traditional testing, known but unex-
pected pathogens, or novel pathogens. Recent public
health alerts should prompt clinicians to interrogate
a patient’s history for animal or mosquito exposures
and request specific JEV or other flavivirus (such as
Murray Valley encephalitis virus and Kunjin virus)
testing accordingly when treating undifferentiated
meningoencephalitis. The case also demonstrates
the new incursion of a pathogen across a broad,
previously nonendemic geographic area and into
a largely nonimmune population. The origins re-
main unclear but, given the widespread geograph-
ic area of infected piggeries and human cases, JEV
has likely been circulating undetected in wild birds,
mosquitoes, and pigs for some time. Whole-genome
sequencing has demonstrated that this outbreak is
caused by genotype 1V, previously thought to be re-
stricted to Indonesia, Papua New Guinea, and the
Tiwi Islands.
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Japanese Encephalitis Virus, Australia

Figure al neocortex showing encephalitis wit
perivascular and interstitial lymphocytes, macrophages/activated
microglia, and neuronophagia in patient with locally acquired
Japanese encephalitis virus detected using clinical metagenomics,
New South Wales, Australia. Hematoxylin and eosin stain; scale

bar indicates 100 ym.

Changes in vector distribution have been associ-
ated with changes in climate, destruction of natural
habitats altering bird migratory patterns, agricultural
practices, and periurban growth (14). Floodwater-me-
diated or windblown movement of JEV-infected mos-
quito vectors into new regions has been previously
reported in Australia (15). The movement of other
infected vertebrates could also be implicated. Mos-
quito, human and animal surveillance in areas where
JEV is detected will inform the extent of JEV incur-
sion in mainland Australia and guide vector control,
vaccination efforts, and research priorities, including
vector competence studies to limit further disease
and vector spread.
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EID Podcast

A Critique of
Coronavirus

Humans have spent eons imagining—
and experiencing—outbreaks of dis-
ease. Now that the COVID-19
pandemic has reached our doorstep,
it’s jarring to think about how this virus
is eerily different from the pandemics
of popular imagination.

In this EID podcast, Dr. Elana Osen,

a specialty registrar at St. George’s
University Hospital in London, reads a
poem she wrote about her experience
of the COVID-19 pandemic.

Visit our website to listen:
https://go.usa.gov/xwjzs
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