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Objectives: Japanese encephalitis virus (JEV) and dengue virus (DENV) represent important causes of en-

cephalitis in Asia. Brain imaging may provide diagnostic clues about the etiology of infectious encephali-

tis. We performed a systematic review of brain imaging findings in Japanese encephalitis (JE) and DENV

neurological infection (dengue) to identify characteristic lesions.

Methodology: Five databases were searched. We included all study types and imaging techniques. Labo-

ratory methods were categorized using diagnostic confidence levels. Imaging data were synthesized, and

focal findings are presented as proportions for JE and dengue and for subgroups based on diagnostic

confidence.

Principal findings: Thalamic lesions were the most reported magnetic resonance imaging finding in both

diseases but appeared to occur more often in JE (74% in 23 studies) than dengue (29.4% in 58 studies). In

cases diagnosed with antigen or nucleic acid tests, thalamic lesions were reported frequently in both JE

(76.5% in 17 studies) and dengue (65.2% in 23 studies).

Significance: The results suggest that thalamic lesions frequently occur in both JE and dengue encephali-

tis. No radiological findings were found to be pathognomonic of either disease. Although brain imaging

may support a diagnosis, laboratory confirmation with highly specific tests remains crucial.

© 2022 The Authors. Published by Elsevier Ltd on behalf of International Society for Infectious Diseases.
This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/)

Introduction

Solomon, 2018). Most JE cases occur in rural settings; however,
urbanization and economic growth have led to an increasing ge-

Arthropod-borne viruses occur worldwide and pose major
public health threats. This group of pathogens comprises a di-
verse range of virus genera and families (Arthropod-borne en-
cephalitides - UpToDate, n.d.). Particularly damaging to human
health are members of the genus Flavivirus, family Flaviviridae,
which include Japanese encephalitis virus (JEV) and dengue virus
(DENV) (Barrows et al., 2018). JEV and DENV are important causes
of viral encephalitis in Asia (Hollidge et al., 2010; Turtle and
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ographical overlap with dengue (Nealon et al., 2019; Sakamoto
et al., 2019). Dengue viruses were traditionally considered non-
neurotropic, but cumulative evidence demonstrates that encephali-
tis does occur in a small proportion of patients such that it con-
tributes to substantial morbidity and mortality (Carod-Artal et al.,
2013). Diagnosing JEV and DENV neurological infection (from
here on referred to as JE and dengue, respectively) is challeng-
ing for various reasons, namely cross-reactivity of antibody as-
says, non-specific clinical presentation, and establishing neuroin-
vasion. Brain imaging is becoming more widely available in Asia
(Jankharia, 2008) and may contribute to diagnosis if specific le-
sions are identified for either disease.
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Japanese encephalitis

The worldwide number of people at risk of exposure to JEV is
more than 4 billion (Campbell et al, 2011; Yun and Lee, 2014).
There are an estimated 70,000 clinically symptomatic cases of
JE every year with a case-fatality rate of approximately 30% and
a further 30-50% of patients surviving with severe neurological
disability (Campbell et al., 2011). The World Health Organization
(WHO) recommends the collection of one or two cerebrospinal
(CSF) samples to detect anti-JEV Immunoglobulin M (IgM) for di-
agnosis (WHO, 2018). Laboratory confirmation may also be per-
formed by antigen detection, nucleic acid detection, or the ‘gold
standard’ plaque reduction neutralization test (WHO, 2018).

Dengue

There are an estimated 50-100 million dengue cases annually,
with up to 3.9 billion people living at risk of infection (Brady et al.,
2012; Castro et al., 2017). Neurological impairment in dengue oc-
curs either as a manifestation of severe organ impairment/shock
(encephalopathy) or as a result of the viral invasion of the cen-
tral nervous system (CNS) (encephalitis), which are difficult to
differentiate clinically (Verma et al.,, 2014). Reverse transcription
polymerase chain reaction (RT-PCR) in blood for the diagnosis
of dengue is a highly sensitive and specific method, yet often
unavailable in low- and middle-income countries. Dengue non-
structural protein 1 (NS1) detection from blood is widely avail-
able as a rapid strip test and correlates well with the viral load
(Muller et al., 2017). Inexpensive serological tests for dengue are
available; more labor-intensive laboratory methods such as plaque
reduction neutralization test can also be done in reference labo-
ratories (WHO and Special Programme for research and Training
in Tropical Diseases, 2009). Cross-reactivity of antibody-based di-
agnostic methods with other flaviviruses (e.g. JEV) is a common
problem (Maeki et al., 2019).

Brain imaging in viral encephalitis

Viral encephalitides are clinically non-specific, and laboratory
investigations may fail to detect the causative organism with ac-
ceptable sensitivity and specificity. Brain imaging adds additional
diagnostic information (Maschke et al., 2004) and is recommended
in the management of viral encephalitis (Britton et al., 2015;
Sharma et al., 2012; Solomon et al., 2012). Thalamic lesions (of-
ten asymmetric) are the most frequently reported finding in JE
(Kalita et al., 2016; Misra et al., 2008; Saini et al., 2014), and mid-
brain lesions have been reported in 28-58% (Kalita et al., 2003;
Misra et al., 2008). Evidence to support brain imaging features di-
agnostic of dengue neurological infection is poorly characterized
(Carod-Artal et al., 2013; Saini et al., 2014; Verma et al., 2014). To
the best of our knowledge, the present study is the first systematic
review of the literature on brain imaging findings in JE and dengue
aimed at identifying and quantifying characteristic lesions.

Materials and methods

This review was registered with PROSPERO (CRD42020171706)
and conducted following the PRISMA (Preferred Reporting Items
for Systematic Reviews and Meta-Analyses) guidelines.

Search strategy

Five databases (EMBASE®, MEDLINE®, Cochrane Library, Global
Health, Web of Science™) were systematically searched using
medical subject headings and terms relating to the keywords
“Japanese encephalitis, dengue, and neuroimaging”. The strategy
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was adjusted for each of the databases; the MEDLINE® search
strategy is listed in Supporting Information Table S1. The lit-
erature search was performed on April 28, 2020, in which all
databases and studies published until this date were assessed and
included. Reference lists were downloaded into the reference man-
ager Mendeley (London, United Kingdom). The reference lists of all
included studies were scrutinized to identify any additional rele-
vant material.

Inclusion and exclusion criteria

All study types were considered suitable. Studies with criti-
cal/high risk of bias were excluded. The following population, in-
tervention, control, and outcomes criteria were applied for studies
that reported brain imaging findings in infection with JE or dengue.
Diagnostic tests were categorized into 3 confidence levels based on
previous publications and WHO recommendations (Bharucha et al.,
2020; Carod-Artal et al.,, 2013; WHO and Special Programme for
research and Training in Tropical Diseases, 2009). Highly specific
diagnostic methods such as polymerase chain reaction (PCR) were
assigned confidence level 1. The least reliable diagnostic methods
(e.g. single anti-DENV or anti-JEV antibodies in CSF) were grouped
in confidence level 3 (see Table 4).

Population

Patients of any age with confirmed JEV infection (see Table 1)
who underwent magnetic resonance imaging (MRI) or computed
tomography (CT) head scan or other brain imaging.

Comparator

Patients of any age with confirmed acute dengue infection (see
Table 2) who underwent MRI or CT head scan or other brain imag-
ing.

Outcome

Pathologic features detected on brain imaging, differences be-
tween CT and MRI or other brain imaging, and distinguishing find-
ings for either flavivirus infection.

Exclusion criteria

- Concurrent brain disease other than JE or dengue

- Authors report other CNS infections in the previous six months

- Abnormalities were reported on previous imaging, where appli-
cable

- Brain imaging was performed 30 days or more after diagnosis

Diagnosis based on single-serum anti-dengue or anti-JEV

Immunoglobulin M (IgM) reading or single-serum sample

seroneutralization or single high titer (hemagglutination-

inhibition/complement-fixation/immunofluorescence).

Data extraction

The review software ‘DistillerSR’ by Evidence Partners Inc.
(DistillerSR | Systematic Review and Literature Review Software by
Evidence Partners, n.d.) was used for this systematic review. Ti-
tles and abstracts were screened, and studies that were clearly
irrelevant were excluded. Subsequently, full texts were reviewed
to select studies meeting the above-stated inclusion and exclusion
criteria. Patients’ baseline characteristics, laboratory confirmation,
brain imaging findings, and other criteria were extracted based on
PRISMA (Moher et al., 2009) and STROBE (Strengthening The Re-
porting of Observational Studies in Epidemiology) checklists (Von
Elm et al., 2007).
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Table 1
Japanese encephalitis virus infection diagnostic inclusion criteria
Confidence Diagnostic test* Specimen
Level 1 - JEV RNA (RT-PCR, RT-LAMP or WGS) any
- Virus isolation by inoculation any
- JEV antigen detection (immunofluorescence or immunohistochemistry) CSF or brain tissue
Level 2 - seroconversion or > fourfold rise in anti-JEV Ab (seroneutralization) - paired sera serum’
- detection of neutralizing anti-JEV Ab CSF
Level 3 - anti-JEV IgM CSF!
- seroconversion or > fourfold rise in anti-JEV Ab (HI, CF, IFA) serum’
- seroconversion by ELISA - paired sera serum’

*Diagnostic tests performed on patients with suspected neurological infection

T Assays for dengue and/or other endemic flaviviruses should be done to rule out cross-reactivityAb = antibody; CF = complement fixa-
tion; ELISA = enzyme-linked immunosorbent assay; HI = hemagglutination inhibition; IFA = indirect immunofluorescence assay; RNA = ri-
bonucleic acid; RT-LAMP = reverse transcription-loop-mediated isothermal amplification; RT-PCR = reverse transcription polymerase chain

reaction; WGS = whole genome sequencing.

Table 2
Dengue virus neurological infection diagnostic inclusion criteria
Confidence Diagnostic test* Specimen
Level 1 - Dengue RNA (RT-PCR or WGS) any
- Dengue virus isolation by inoculation any
- NS1 or other antigen detection (immunofluorescence or immunohistochemistry) CSF or brain tissue
Level 2 - NS1 antigen detection serum
- seroconversion or > fourfold rise in anti-dengue Ab (seroneutralization) - paired sera serum’
- detection of neutralizing anti-dengue Ab CSF'
Level 3 - anti-dengue IgM CSF
- seroconversion or > fourfold rise in anti-dengue Ab (HI, CF, IFA) - paired sera serum’
- seroconversion by ELISA - paired sera serum’

* Diagnostic tests performed on patients with suspected neurological infection
T Assays for JEV and/or other endemic flaviviruses should be done out to rule out cross-reactivity.Ab = antibody; CF

complement fixation;

ELISA = enzyme-linked immunosorbent assay; HI = hemagglutination inhibition; IFA = indirect immunofluorescence assay; NS1 = non-structural protein
1; RNA = ribonucleic acid; RT-PCR = reverse transcription polymerase chain reaction; WGS = whole genome sequencing.

Quality assessment

All studies included in this review were systematically assessed
for risk of bias. Preliminary searches showed mostly observational
studies. This was confirmed during the review process as all in-
cluded studies were observational, with case reports the most fre-
quently identified type of study. A recent review on the risk of bias
assessment tools for primary and secondary medical studies rec-
ommended the Joanna Biggs Institute’s (JBI) checklists for different
types of observational studies (Ma et al., 2020). The risk of bias
was therefore assessed using the JBI's checklists for cohort studies,
analytical cross-sectional studies, case-control studies, case series,
and case reports (ebp - Critical Appraisal Tools | Joanna Briggs In-
stitute, n.d.). Studies categorized as having a high risk of bias were
excluded (see below).

Qualitative and quantitative synthesis strategy

Comprehensive tables were used to list the characteristics and
major findings from included studies and their risk of bias. Af-
ter a recent publication on the synthesis of observational stud-
ies (Murad et al., 2018), quantitative data analysis was performed
by calculating the proportions of reported imaging findings. Co-
hort, cross-sectional, and case-control studies were considered for
meta-analysis. However, as populations, interventions, compara-
tors, and outcomes differed considerably, this was deemed inap-
propriate. Recommendations from the ‘synthesis without meta-
analysis in systematic reviews reporting guideline’ (Campbell et al.,
2020) were followed for more transparent reporting.

Results

A total of 2591 records were identified after removing dupli-
cates from the database search and additional records. Most full-
text records assessed were in English; only one record was in
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German and none in French, but 13 records were in other lan-
guages and thus excluded. A total of 99 studies were eligible ac-
cording to the inclusion and exclusion criteria, but 7 records were
removed for critical/ high risk of bias, leaving 92 included studies.
The PRISMA flow diagram for all stages of the systematic review
process is shown in Figure 1.

Risk of bias assessment

Figure 2 provides an overview of the risk of bias assessments
using the JBI checklists for case reports, case series, analytical
cross-sectional studies, cohort studies, and case-control studies
(Moola et al., 2019). Supporting Information Tables S2 to S6 show
the detailed risk of bias assessments for all included study types.

Study baseline and participants’ characteristics

Overall, 24 studies described brain imaging findings in patients
with JE and 68 studies reported on imaging in dengue infection.
No study in which brain imaging findings were reported for both
JE and dengue met the diagnostic inclusion criteria. Only obser-
vational studies were found that addressed the research question.
Most included studies were case reports (dengue: 53/68 (77.9%),
JE: 11/24 (45.8%)) and case series (dengue: 12/68 (17.6%), JE: 8/24
(33.3%)). Characteristics of all included studies according to study
type are listed in Supporting Information Tables S7 and S8.

More studies reported on MRI findings than on CT findings
(dengue: 58/68 (85.3%) vs 33/68 (48.5%), JE: 23/24 (95.8%) vs 14/24
(58.3%)). The most frequently described imaging technique in both
flavivirus infections was T2-weighted fluid attenuation inversion
recovery MRI (JE: 26%, dengue: 48%). No information was provided
on the specific MRI technique used in 57% of JE and 34% of dengue
publications.

The included studies provided data on a total of 211 and 125
patients who underwent any form of imaging for JE and dengue,
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Figure 1. PRISMA flow diagram showing the stages of the systematic review process
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Figure 2. Risk of bias summary of all articles included in the review.
The numbers in brackets are the total numbers of assessed studies per study type. "All’ shows the combined risk of bias assessment result of all included studies. CCS = case-
control study; CoS = cohort study; CR = case report; CS = case series; CSS = cross-sectional study.
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Table 3
Overview of study baseline and participant characteristics
Japanese Dengue
encephalitis infection
Study characteristics
N included studies 24 68
Median publication year 2012 2016
Countries of origin* IN: 9 (37.5%), IN: 38 (55.9%),

JP 3 (12.5%),
SG: 2 (8.3%)

MY: 6 (8.8%),
SL: 6 (8.8%)

Study type
Case report 11 53
Case series 8 12
Cohort study 4 1
Cross-sectional study 1 1
Case-control study - 1
Imaging techniques’
MRI only 10 35
CT only 1 10
MRI and CT 10 23
MRI and SPECT 3 -
Participant characteristics
P 211 125
Age range 2-89yr 5m - 86 yr
Median age CR, CS* 26 yr 25 yr
Gender ratio F:M CR, CS* 1:1.6 1:1.7

*The three countries with the highest proportion of included studies are
stated. T Imaging techniques that were used in included studies. ¥ Includes
case reports and case series only. CCS = case-control study; CoS = co-
hort study; CR = case report; CS = case series; CSS = cross sectional
study; CT = computed tomography; IN = India; JP = Japan; MRI = mag-
netic resonance imaging; MY = Malaysia; SG = Singapore; SL = Sri Lanka;
SPECT = Single-photon emission computed tomography.

respectively. The patients’ ages (case reports and case series only)
were similar for JE and dengue (median age 26 years (2-89 years)
vs 25 years (5 months-86 years)). The three most commonly
reported neurological manifestations in both flavivirus infections
were a reduced level of consciousness, headache, and seizure. A
higher proportion of patients affected by dengue infection with
neurological manifestations fully recovered (56.8%) compared with
JE (33.6%). No clinical outcome was provided for almost a third of
patients with JE (27.5%) compared with only 3.2% in dengue. An
overview of the study baseline and participants’ characteristics is
listed in Table 3.

Summary of MRI and CT findings in JE and dengue neurological
manifestation

A total of 181 (85.8%) patients with JE and 102 (81.6%) pa-
tients with dengue included in this systematic review underwent
MR imaging. A total of 37 (17.5%) patients with JE and 42 (33.6%)
patients with dengue had CT scans. In both flavivirus infections, a
higher percentage of CT scans was reported as normal than MRI
scans. However, this difference was more marked in JE (JE: 24.3%
vs 4.4%, dengue: 35.7% vs 26.5%). Many focal lesions (i.e., cerebellar,
basal ganglia, medial temporal lobe) were frequently identified on
MRI scans but rarely on CT. Focal MRI lesions most often reported
in JE were in the thalami (74%), basal ganglia (42.5%), and brain
stem (32.6%). In dengue cases, the most commonly reported were
thalamic lesions (29.4%), white matter lesions (28.4%), and brain
stem lesions (19.6%). Intracranial hemorrhages were more common
in dengue (MRI: 5.9%, CT 33.3%) than in JE (MRI 0.6%, CT 2.7%).
Hemorrhages were the only imaging feature that was more fre-
quently reported on CT scans than on MRI in both flavivirus infec-
tions Table 4. lists MRI and CT imaging findings for JE and dengue
cases.
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MRI findings in JE and dengue encephalitis

We compared MR imaging characteristics between JE and
dengue encephalitis cases in which an acute infection of the CNS
was proven by CSF analysis (CSF anti-IgM, CSF seroneutraliza-
tion, or CSF PCR). Cases were allocated according to the diagnos-
tic level of confidence (level 1 and 2 ‘L1/2’ vs level 3 ‘L3’, see
Tables 1 and 2 of the Methods section). There were more JE cases
(n=95) than dengue cases (n=59), in which diagnostic evidence for
a CNS infection was provided (Table 5). Thalamic lesions, which
have been suggested to be a characteristic feature of JE (Misra and
Kalita, 2010a), were common in both groups of diagnostic confi-
dence (76.5% vs 79.5%) of JE. A marked difference was found for
dengue cases, in which 14/22 (63.6%) of the higher diagnostic con-
fidence group showed thalamic lesions, compared with only 3/36
(8.3%) in the lower group. Of note, the proportion of cases in which
thalamic lesions were seen on MRI appears comparably high for
both JE and dengue for cases with positive nucleic acid and/or anti-
gen test (L1/2: 76.5% vs 63.6%). A similar pattern was found for
brainstem lesions. Many focal lesions (i.e., cerebral white matter,
cerebellum, minor intracranial hemorrhage) were reported more
frequently in the dengue encephalitis L1/2 group than in the lower
diagnostic confidence L3 group.

The spectrum of MRI findings associated with dengue infection

Table 6 lists an overview of specific features in dengue
encephalitis, dengue encephalopathy, acute disseminated en-
cephalomyelitis, and other dengue-related neurological manifesta-
tions according to the diagnosis provided by the study authors.
Overall, there were more abnormal findings on MRI imaging in the
encephalitis group than in any other group. Thalamic lesions were
described in 25 cases (56.8%) classified as dengue encephalitis. A
total of 75% (6/8) of acute disseminated encephalomyelitis cases
showed cerebral white matter lesions. Only one case in the group
of other dengue-associated neurological manifestations had abnor-
mal imaging findings.

Discussion

This systematic review identified 92 studies reporting imaging
findings in neurological infection with JEV or DENV. JE appears to
be the better-studied disease in this field with a higher quality
of observational studies available, whereas, to date, brain imaging
studies on dengue are restricted to case reports and case series. Di-
agnostic confirmation was variable, and the studies were grouped
into three categories of diagnostic confidence. Overall, the results
suggest that there are focal lesions associated with both flavivirus
infections. However, there is a lack of evidence that brain imaging
can differentiate between the two diseases. Furthermore, the sub-
group analysis according to diagnostic confidence suggested there
is a difference in patients in whom a diagnosis of DENV encephali-
tis is made by the detection of DENV specific IgM alone in CSF
and highlights the need for improved diagnostic standards. Possi-
bly these patients do not have as severe neurological disease, for
example, they have encephalopathy, not encephalitis, or they have
been imaged at a different point in the natural history of the ill-
ness.

The most frequently used imaging technique was MRI (JE:
23/24, dengue: 58/68), followed by CT (JE: 11/24, dengue 33/68).
In this review, more focal lesions were identified on MRI than on
CT in both diseases. This is in keeping with previous publications
on infectious encephalitis as MRI scans provide better soft tissue
contrast than CT scans (Gupta et al.,, 2012; Md Noh et al., 2018).
The number of normal MRI scans was markedly higher in dengue



T. Pichl, CJ. Wedderburn, C. Hoskote et al.

International Journal of Infectious Diseases 119 (2022) 102-110

Dengue * (P=125)

Table 4

MRI and CT imaging findings according to diagnosed flavivirus infection
JE (P=211)
MRI

cT MRI cT

Total NT (% P)

Normal scan n (%N)

Focal lesions
Thalamus
Cerebral cortex

8 (4.4%)

21 (11.6%)

Cerebral white matter 11 (6.1%)
Basal ganglia 77 (42.5%)
Substantia nigra 13 (7.2%)

Caudate nucleus 22 (12.2%)
Putamen 22 (12.2%)
Globus pallidus 14 (7.7%)
Ns 41 (22.7%)
Brainstem 59 (32.6%)
Midbrain 48 (26.5%)
Pons 10 (5.5%)
Ns 2 (1.1%)

Medial temporal lobe
Hippocampus

32 (17.7%)
29 (16.0%)

Ns 3 (1.7%)
Cerebellum 5 (2.8%)
Meningeal enhancement 23 (12.7%)
Generalized cerebral edema 1 (0.6%)
Generalized atrophy -
ADEM -
Intracranial hemorrhage
major 1 (0.6%)
minor -
Ischemic stroke 1 (0.6%)

181 (85.8%)

134 (74.0%)

37 (17.5%) 102 (81.6%) 42 (33.6%)
9(243%) 27 (265%) 15 (35.7%)
11 (29.7%) 30 (29.4%) 6 (14.3%)
4(108%) 9 (8.8%) -

- 29 (28.4) 2 (4.8%)
1(2.7%) 8 (7.8%) 1 (2.4%)

- 2 (1.9%) -

- 4 (3.9%) -

1(2.7%) 2 (1.9%) 1(2.4%)
1(2.7%) 20 (19.6%) 3 (7.1%)

- 6 (5.9%) -

- 12 (11.8%) 3 (7.1%)

- 6 (5.9%) -

1(2.7%) 5 (4.9%) -

- 2 (1.9%) -

- 3 (2.9%) -

- 19 (18.6%) -

1(2.7%) 2 (1.9%) -
4(108%) 14 (13.7%)  4(9.5%)
10 (27.0%) - -

- 6 (5.9%) -

1(2.7%) 6 (5.9%) 14 (33.3%)
- 12 (11.7%)

1(2.7%) 3 (2.9%) -

*Includes all dengue cases with various neurological manifestations. T N total number of pa-
tients who underwent respective neuroimaging. P = Total number of included participants.
ADEM = acute disseminated encephalomyelitis; CT = computed tomography; MRl = mag-

netic resonance imaging; ns = not specified.

Table 5

MRI findings of JE and dengue encephalitis cases in which a CNS infection was detected in
CSF or brain tissue, according to diagnostic confidence level

Japanese encephalitis*

Dengue encephalitis*

L1/2 L3 L1/2 L3
Total Nf 17 78 22 36
Focal lesions (%N)
Thalamus 13 (76.5%) 62 (79.5%) 14 (63.6%) 3 (8.3%)
Cerebral cortex 4 (23.5%) 16 (20.5%) 3 (13.6%) 1(2.8%)
Cerebral white matter - 4 (5.1%) 9 (40.1%) 2 (5.6%)
Basal ganglia 6 (35.3%) 37 (47.4%) 2 (9.1%) 1(2.8%)
Brainstem 4 (23.5%) 32 (41.0%) 8 (36.4%) 1(2.8%)
Medial temporal lobe 11 (64.7%) 2 (2.6%) 3 (13.6%) -
Hippocampus 8 (47.1%) 1(1.3%) - -
Ns 3(17.6) - 3 (13.6%) -
Cerebellum - 2 (2.6%) 9 (40.1%) 3(8.3%)
Meningeal enhancement (%N) 2 (11.8%) - 1 (4.5%) -
Gen. cerebral edema (%N) - 1(1.3%) 1 (4.5%) 12 (33.3%)
Generalized atrophy (%N) - - - -
ADEM (%N) - - 2 (8.7%) -
Intracranial hemorrhage (%N) - - 8 (36.4%) 2 (5.6%)
major - - - -
minor - - 8 (36.4%)

Ischemic stroke (%N) -

2 (5.6%)

*Studies in which a diagnosis was based on serum investigations alone were excluded. See
Tables 1 and 2 for details on levels of diagnostic confidence. T N total number of patients
with respective flavivirus infection and diagnostic confidence level who underwent magnetic
resonance imaging. ADEM = acute disseminated encephalomyelitis; CT = computed tomog-
raphy; MRI = magnetic resonance imaging; ns = not specified.

with neurological manifestations than in JE, suggesting that a sig-
nificant proportion of included patients with dengue suffered en-
cephalopathy rather than encephalitis. T2-weighted fluid attenu-
ation inversion recovery (T2-FLAIR) was the most often reported
MRI sequence across all studies on JE and dengue. Misra et al. di-
rectly compared and evaluated various MRI sequences in patients
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with viral encephalitis, among them JE, dengue, and herpes sim-
plex encephalitis cases and concluded that T2 and T2-FLAIR were
the most useful sequences (Misra et al., 2010). This finding is sup-
ported by the results of this review, and future studies on flavivirus
encephalitis should consider T2-FLAIR sequences when investigat-
ing characteristic focal lesions on MRI. The advantages of using CT
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Table 6
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MRI findings in dengue encephalitis compared with dengue encephalopathy, ADEM and other dengue-associated

CNS pathologies according to study authors*

Dengue encephalitis* Dengue encephalopathy* ADEM Othert

Total Nf 44 13 8 11
Focal lesions (%N)

Thalamus 25 (56.8%) 1(7.7%) 3(37.5%) -

Cerebral cortex 7 (15.9%) 1(7.7%) 2 (25.0%) -

Cerebral white matter 19 (43.2%) 4 (6.7%) 6(75.0%) 1(9.1%

Basal ganglia 5 (11.4%) - 2 (75.0%) 1(9.1%)

Brainstem 14 (31.8%) 4 (30.8%) 2 (25.0%) -
Medial temporal lobe 6 (13.6%) - -

Hippocampus 2 (4.5%) - - -

ns 4 (9.1%) - -
Cerebellum 16 (36.4%) 2 (15.4%) - -
Meningeal enhancement (%5N) 5 (11.4%) - - -
Gen. cerebral edema (%N) 1(2.3%) - - -
Intracranial hemorrhage (%N) - -

major 2 (4.5%) 2 (15.4%) 1(12.5%) 1(9.1%)

minor 11 (25.0%) 2 (15.4%) 1(12.5%) -
Ischemic stroke (%N) - 1(7.7%) - -

Participants were grouped according to the author’s diagnosis. Eight studies (26 patients) did not provide a diag-
nosis and were excluded from this subgroup analysis. ¥ N total number of patients who underwent MRI in the
respective group of Dengue infection. ¥ Other Dengue-associated pathologies. Includes cases of neuritis, cranial
nerve palsies, and early Guillain-Barre syndrome. ADEM = acute disseminated encephalomyelitis; CT = computed
tomography; MRI = magnetic resonance imaging; ns = not specified.

over MRI scans are the faster acquisition time, wider availability
in low- and middle-income countries, and the ability to pick up
important differential diagnoses such as hemorrhages or abscesses
(Chowdhury et al., 2010; WHO, 2014). It can thus be expected that
CT brain scans will continue to play a role in the diagnosis of
acutely unwell patients with suspected viral encephalitis despite
its inferiority in detecting focal soft tissue lesions.

The results of this systematic review suggest that thalamic le-
sions may be the most common focal finding on MRI scans in both
JE and dengue neurological infections. Previous reports of the pro-
portion of thalamic lesions on MRI in JE vary between 56% and
94% (Lo et al., 2019; Misra and Kalita, 2010b). In a 2011 review,
Handique et al. found that the most commonly affected brain re-
gions on MRI in JE were the thalami, substantia nigra, and basal
ganglia (Handique, 2011). However, thalamic lesions may not be
considered pathognomonic of these diseases, as they have been
described in other CNS infections, for example, West Nile virus
(Ali et al., 2005), Herpes simplex virus type 1 and Epstein-Barr
virus (Beattie et al., 2013). Comparing the synthesized MRI findings
of JE to dengue encephalitis for cases with high diagnostic confi-
dence, there may be other focal lesions better suited to provide
diagnostic clues. White matter lesions, cerebellar lesions, and mi-
nor intracranial hemorrhages were reported frequently in dengue
encephalitis but never in JE. Basal ganglia and hippocampus le-
sions were reported much more frequently in JE than in dengue
encephalitis.

The spectrum of dengue brain imaging findings is particularly
interesting as dengue neurological manifestations may be caused
by a variety of underlying virus-related pathologies (Channa and
Wasay, 2006). Dengue brain imaging features remain poorly char-
acterized to date (Bhoi et al., 2014; Li et al., 2017; Saini et al.,
2014). In the present study, imaging findings across all cases of
dengue-associated neurological manifestation showed thalamic le-
sions in less than 30%. Interestingly, thalamic lesions occurred in
almost two-thirds (65.2%) of cases in which a laboratory confir-
mation of dengue CNS infection with high diagnostic confidence
was provided. When comparing what are regarded as solid di-
agnoses for JE and dengue, accepting the differences in making
these diagnoses, there appear to be more thalamic lesions found
on imaging in JE than in dengue, whereas the group diagnosed by
CSF dengue antibody alone appeared distinctly different. This sug-
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gests a fundamental difference between JEV and DENV in terms
of the performance of CSF IgM assays or that DENV neurologi-
cal disease forms distinct entities with different pathogenic mech-
anisms. There are currently two diagnostic standards for dengue
encephalitis. Carod-Artal et al. proposed neurological symptoms,
presence of DENV RNA, antigen or antibodies in CSF, and CSF pleo-
cytosis without other causes of infectious encephalitis for diagnos-
ing dengue encephalitis (Carod-Artal et al.,, 2013). In 2014, Soares
et al. raised concerns that the previously mentioned diagnostic
criteria may be specific but suffered poor sensitivity (Soares and
Puccioni-Sohler, 2014). They proposed different dengue encephali-
tis diagnostic criteria, including the presence of fever, acute signs
of CNS involvement, reactive IgM dengue antibody, NS1 antigen, or
positive dengue PCR in serum and/or cerebrospinal fluid, whereas
excluding other causes of viral encephalitis (Soares and Puccioni-
Sohler, 2011). Soares et al. intended to provide a more sensitive di-
agnostic tool for dengue encephalitis. Yet, the results of the present
systematic review suggest that the specificity of the diagnostic
method is crucial in identifying characteristic lesions on brain
imaging in dengue infection. The wide acceptance of the diagnostic
criteria by Soares et al. may be overinclusive (Kumar et al., 2017;
Kutiyal, 2017; Ng and Sadarangani, 2017). Both currently used diag-
nostic standards for dengue encephalitis are insufficient. It is pos-
sible that IgM detected in CSF may be because of a bloody tap,
non-specific reactivity, or a leaky blood-brain barrier (Puccioni-
Sohler et al., 2009; Chen et al., 1991). This may be evaluated by
measuring the albumin quotient and antibody index; however, this
requires sufficient laboratory capacity. Moreover, the timepoint of
diagnosis and sampling in the course of the disease may be crucial.

The present study is the first systematic review that synthe-
sizes all brain imaging data published to date in English, German,
and French on neurological infection with JEV and DENV. To the
best of our knowledge, no systematic review on a comparable scale
of brain imaging in these two flavivirus infections has been pub-
lished previously. In addition, we present proportions of focal le-
sions found on brain imaging studies in dengue neurological in-
fection for the first time and evaluate the level of diagnostic con-
fidence in cases of JE and dengue neurological infection. By cor-
relating brain imaging findings with these confidence levels, the
present study provides evidence that reliable, specific laboratory
investigations are key for an accurate diagnosis of the respective
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flavivirus infection. In particular, it appears that CSF IgM measure-
ment is more reliable for the diagnosis of JE than for dengue en-
cephalitis. The high specificity of brain imaging data was achieved
by applying strict diagnostic criteria in all confidence levels and ex-
cluding studies that provided single antibody-positive serum sam-
ples solely. According to Bharucha et al, only 13% of all publica-
tions on JE cases use diagnostic methods of confidence level 1 or
2 (Bharucha et al., 2020).

There are several limitations to this systematic review. First, a
high selection bias must be assumed as 64 case reports formed
a major part of the body of evidence in which imaging findings
were synthesized. The availability of brain imaging is most likely
unevenly distributed in low- and middle-income countries, and
many patients with JE or dengue neurological manifestation will
never receive a scan. Depending on the setting, this may be ex-
acerbated by financial barriers. Reviewed together, the sample of
the present study cannot be considered representative of any pop-
ulation, which limits the generalizability. Furthermore, studies may
have published results for specific MRI sequences, which led to
reporting bias. Depending on the objectives of a study, focal le-
sions may have been reported for specific parts of the brain, omit-
ting other abnormal findings deemed less important. Concurrent
brain infection other than JE or dengue, which was stated as an
exclusion criterion but may not have been detected, may be a con-
founder. The diagnostic confidence levels used in this systematic
review were originally developed by Bharucha et al. for JE and
adapted for dengue neurological infection (Bharucha et al., 2020).
The comparability between the different levels of diagnostic con-
fidence in the two diseases may be limited, as the availability of
rapid antigen tests makes it easier to diagnose dengue compared
with JE. A further limiting factor is the risk of bias assessment of
the different study types. All observational study types were con-
sidered equal regarding the baseline quality of evidence, and their
exclusion or inclusion was based on the risk of bias rating. This
decision was made because the risk of bias of the cross-sectional
and case-control studies that comprised the included cohort was
mostly moderate to high, whereas many case reports and case se-
ries provided a lower risk of bias and higher quality brain imaging
reports. A total of 12 studies were excluded from this systematic
review because they were not in English, French, or German. Ab-
stracts available in English for some of these studies show that a
number of relevant observational studies are available in Korean,
Mandarin, and Japanese. Given the scarcity of data on neuroimag-
ing in flavivirus infection, a systematic review including all publi-
cations in East Asian languages would be worthwhile. Brain imag-
ing studies comparing JE and dengue neurological infection will
remain challenging as most JE cases occur in rural settings away
from centers with MRI and CT facilities. However, a prospective
study comparing these two flavivirus infections that combines a
detailed diagnostic workup using high-confidence methods with a
clear timeline on clinical presentation, sampling, and brain imaging
is needed. This would contribute to establishing brain imaging as
a valuable added diagnostic feature in JEV and DENV neurological
infection, benefiting patients and clinicians in their daily practice.

Conflict of Interests declaration

We have no conflicts of interest to disclose.
Funding information

LT was supported by the Wellcome Trust (Grant No.
205228/Z/16/Z) and National Institute for Health Research Health
Protection Research Unit (NIHR HPRU) in Emerging and Zoonotic

Infections (NIHR200907). TB was supported by the University
of Oxford and the Medical Research Council (grant number

109

International Journal of Infectious Diseases 119 (2022) 102-110

MR/N013468/1). The funders had no role in study design, data
collection and analysis, decision to publish, or preparation of the
manuscript.

Ethical Approval Statement
Ethical approval was not required for this systematic review.
Supplementary materials

Supplementary material associated with this article can be
found, in the online version, at doi:10.1016/j.ijid.2022.03.010.

References

Ali M, Safriel Y, Sohi ], Llave A, Weathers S. West Nile Virus Infection: MR Imaging
Findings in the Nervous System. Am ] Neuroradiol 2005;26.

Arthropod-borne encephalitides - UpToDate. n.d. https://www.uptodate.com/
contents/arthropod-borne-encephalitides (accessed September 22, 2020).

Barrows NJ, Campos RK, Liao KC, Prasanth KR, Soto-Acosta R, Yeh SC, et al. Bio-
chemistry and Molecular Biology of Flaviviruses. Chem Rev 2018;118:4448-82.
doi:10.1021/acs.chemrev.7b00719.

Beattie GC, Glaser CA, Sheriff H, Messenger S, Preas CP, Shahkarami M, et al.
Encephalitis With Thalamic and Basal Ganglia Abnormalities: Etiologies,
Neuroimaging, and Potential Role of Respiratory Viruses. Clin Infect Dis
2013;56:825-32. doi:10.1093/CID/CIS990.

Bharucha T, Shearer FM, Vongsouvath M, Mayxay M, de Lamballerie X, Newton PN,
et al. A need to raise the bar — A systematic review of temporal trends in di-
agnostics for Japanese encephalitis virus infection, and perspectives for future
research. Int ] Infect Dis 2020;95:444-56. doi:10.1016/j.ijid.2020.03.039.

Bhoi SK, Naik S, Kumar S, Phadke RV, Kalita ], Misra UK. Cranial imag-
ing findings in dengue virus infection. ] Neurol Sci 2014;342:36-41.
doi:10.1016/j,jns.2014.04.018.

Brady O], Gething PW, Bhatt S, Messina JP, Brownstein ]S, Hoen AG, et al. Refin-
ing the Global Spatial Limits of Dengue Virus Transmission by Evidence-Based
Consensus. PLoS Negl Trop Dis 2012;6:e1760. doi:10.1371/journal.pntd.0001760.

Britton PN, Eastwood K, Paterson B, Durrheim DN, Dale RC, Cheng AC, et al. Consen-
sus guidelines for the investigation and management of encephalitis in adults
and children in Australia and New Zealand 2015. 10.1111/imj.12749.

Campbell G, Hills S, Fischer M, Jacobson ], Hoke C, Hombach ], et al. Esti-
mated global incidence of Japanese encephalitis. Bull World Health Organ
2011;89:766-74. doi:10.2471/BLT.10.085233.

Campbell M, McKenzie JE, Sowden A, Katikireddi SV, Brennan SE, Ellis S, et al. Syn-
thesis without meta-analysis (SWiM) in systematic reviews: reporting guideline.
BM]J 2020;368:16890. doi:10.1136/bm;j.16890.

Carod-Artal FJ, Wichmann O, Farrar J,
cations of dengue virus infection.
doi:10.1016/S1474-4422(13)70150-9.

Castro MC, Wilson ME, Bloom DE. Disease and economic burdens of dengue. Lancet
Infect Dis 2017;17:e70-8. doi:10.1016/S1473-3099(16)30545-X.

Channa R, Wasay M. Central Nervous System Involvement in Dengue Viral Infection.
Pakistan ] Neurol Sci 2006;1.

Chen WJ, Hwang KP, Fang AH. Detection of IgM antibodies from cerebrospinal fluid
and sera of dengue fever patients. Southeast Asian ] Trop Med Public Health
1991;22:659-63.

Chowdhury R, Wilson I, Rofe C, Lloyd-Jones G. Computed tomography (CT). Radiol.
a Glance. Chichester: John Wiley & Sons, Ltd; 2010. p. 16-17.

DistillerSR | Systematic Review and Literature Review Software by Ev-
idence Partners. n.d. https://www.evidencepartners.com/products/
distillersr-systematic-review-software/(accessed January 31, 2021).

ebp - Critical Appraisal Tools | Joanna Briggs Institute. n.d. https://joannabriggs.org/
ebp/critical_appraisal_tools (accessed July 5, 2020).

Gupta RK, Soni N, Kumar S, Khandelwal N. Imaging of central nervous system viral
diseases. ] Magn Reson Imaging 2012;35:477-91. doi:10.1002/jmri.22830.

Handique SK. Viral Infections of the Central Nervous System. Neuroimaging Clin N
Am 2011;21:777-94. doi:10.1016/j.nic.2011.07.012.

Hollidge BS, Gonzdlez-Scarano F, Soldan SS. Arboviral encephalitides: Transmis-
sion, emergence, and pathogenesis. ] Neuroimmune Pharmacol 2010;5:428-42.
doi:10.1007/5s11481-010-9234-7.

Jankharia G. Commentary 2 - Radiology in India: The next decade. Indian ] Radiol
Imaging 2008;18:189. doi:10.4103/0971-3026.41868.

Kalita ], Misra UK, Mani VE, Bhoi SK. Can we differentiate between herpes sim-
plex encephalitis and Japanese encephalitis? ] Neurol Sci 2016;366:110-15.
doi:10.1016/j.jns.2016.05.017.

Kalita J, Misra UK, Pandey S, Dhole TN. A comparison of clinical and radiolog-
ical findings in adults and children with Japanese encephalitis. Arch Neurol
2003;60:1760-4.

Kumar AS, Mehta S, Singh P, Lal V. Dengue encephalitis: “Double doughnut” sign.
Neurol India 2017;65:670-1. doi:10.4103/neuroindia.NI_723_16.

Kutiyal AS. Dengue Haemorrhagic Encephalitis: Rare Case Report with
Review of Literature. ] Clin DIAGNOSTIC Res 2017;11:0D10-12.
doi:10.7860/JCDR/2017/28814.10243.

Gascon  J.
Lancet Neurol

Neurological compli-
2013;12:906-19.



https://doi.org/10.1016/j.ijid.2022.03.010
http://refhub.elsevier.com/S1201-9712(22)00148-5/sbref0001
http://refhub.elsevier.com/S1201-9712(22)00148-5/sbref0001
http://refhub.elsevier.com/S1201-9712(22)00148-5/sbref0001
http://refhub.elsevier.com/S1201-9712(22)00148-5/sbref0001
http://refhub.elsevier.com/S1201-9712(22)00148-5/sbref0001
http://refhub.elsevier.com/S1201-9712(22)00148-5/sbref0001
https://www.uptodate.com/contents/arthropod-borne-encephalitides
https://doi.org/10.1021/acs.chemrev.7b00719
https://doi.org/10.1093/CID/CIS990
https://doi.org/10.1016/j.ijid.2020.03.039
https://doi.org/10.1016/j.jns.2014.04.018
https://doi.org/10.1371/journal.pntd.0001760
https://doi.org/10.2471/BLT.10.085233
https://doi.org/10.1136/bmj.l6890
https://doi.org/10.1016/S1474-4422(13)70150-9
https://doi.org/10.1016/S1473-3099(16)30545-X
http://refhub.elsevier.com/S1201-9712(22)00148-5/sbref0013
http://refhub.elsevier.com/S1201-9712(22)00148-5/sbref0013
http://refhub.elsevier.com/S1201-9712(22)00148-5/sbref0013
http://refhub.elsevier.com/S1201-9712(22)00148-5/sbref0054
http://refhub.elsevier.com/S1201-9712(22)00148-5/sbref0054
http://refhub.elsevier.com/S1201-9712(22)00148-5/sbref0054
http://refhub.elsevier.com/S1201-9712(22)00148-5/sbref0054
http://refhub.elsevier.com/S1201-9712(22)00148-5/sbref0014
http://refhub.elsevier.com/S1201-9712(22)00148-5/sbref0014
http://refhub.elsevier.com/S1201-9712(22)00148-5/sbref0014
http://refhub.elsevier.com/S1201-9712(22)00148-5/sbref0014
http://refhub.elsevier.com/S1201-9712(22)00148-5/sbref0014
https://www.evidencepartners.com/products/distillersr-systematic-review-software/
https://joannabriggs.org/ebp/critical_appraisal_tools
https://doi.org/10.1002/jmri.22830
https://doi.org/10.1016/j.nic.2011.07.012
https://doi.org/10.1007/s11481-010-9234-7
https://doi.org/10.4103/0971-3026.41868
https://doi.org/10.1016/j.jns.2016.05.017
http://refhub.elsevier.com/S1201-9712(22)00148-5/sbref0022
http://refhub.elsevier.com/S1201-9712(22)00148-5/sbref0022
http://refhub.elsevier.com/S1201-9712(22)00148-5/sbref0022
http://refhub.elsevier.com/S1201-9712(22)00148-5/sbref0022
http://refhub.elsevier.com/S1201-9712(22)00148-5/sbref0022
https://doi.org/10.4103/neuroindia.NI_723_16
https://doi.org/10.7860/JCDR/2017/28814.10243

T. Pichl, CJ. Wedderburn, C. Hoskote et al.

Li G-H, Ning Z-], Liu Y-M, Li X-H. Neurological Manifestations of Dengue Infection.
Front Cell Infect Microbiol 2017;7. doi:10.3389/fcimb.2017.00449.

Lo S-H, Tang H-J, Lee SS-], Lee J-C, Liu J-W, Ko W-C, et al. Determining the clinical
characteristics and prognostic factors for the outcomes of Japanese encephali-
tis in adults: A multicenter study from southern Taiwan. ] Microbiol Immunol
Infect 2019;52:893-901. doi:10.1016/j.jmii.2019.08.010.

Ma L-L, Wang Y-Y, Yang Z-H, Huang D, Weng H, Zeng X-T. Methodological
quality (risk of bias) assessment tools for primary and secondary medi-
cal studies: what are they and which is better? Mil Med Res 2020;7:7.
doi:10.1186/s40779-020-00238-8.

Maeki T, Tajima S, Ikeda M, Kato F, Taniguchi S, Nakayama E, et al. Analysis of cross-
reactivity between flaviviruses with sera of patients with Japanese encephalitis
showed the importance of neutralization tests for the diagnosis of Japanese en-
cephalitis. ] Infect Chemother 2019;25:786-90. doi:10.1016/j.jiac.2019.04.003.

Maschke M, Kastrup O, Forsting M, Diener H-C. Update on neuroimaging in in-
fectious central nervous system disease. Curr Opin Neurol 2004;17:475-80.
doi:10.1097/01.wc0.0000137540.29857.bf.

Md Noh MSF, Abdul Rashid AM, Wan Zaidi WA, Khoo CS, Rajadurai N,
Muda AS. Neuroimaging in dengue: CT and MRI features. Neurol Clin Neurosci
2018;6:159-65. doi:10.1111/ncn3.12231.

Misra UK, Kalita J. Overview: Japanese encephalitis. Prog Neurobiol 2010a;91:108-
20. doi:10.1016/j.pneurobio.2010.01.008.

Misra UK, Kalita J. Overview: Japanese encephalitis. Prog Neurobiol 2010b;91:108-
20. doi:10.1016/j.pneurobio.2010.01.008.

Misra UK, Kalita J, Phadke RV, Wadwekar V, Boruah DK, Srivastava A, et al. Useful-
ness of various MRI sequences in the diagnosis of viral encephalitis. Acta Trop
2010;116:206-11. doi:10.1016/j.actatropica.2010.08.007.

Misra UK, Kalita ], Srivastav A, Pradhan PK. The prognostic role of magnetic reso-
nance imaging and single-photon emission computed tomography in viral en-
cephalitis. Acta Radiol 2008;49:827-32. doi:10.1080/02841850802225901.

Moher D, Liberati A, Tetzlaff J, Altman DG, Altman D, Antes G, et al. Preferred re-
porting items for systematic reviews and meta-analyses: The PRISMA statement.
PLoS Med 2009;6. doi:10.1371/journal.pmed.1000097.

Moola S, Zachary Munn, Tufanaru C, Edoardo Aromataris, Sears K, Sfetic R, et al.
Chapter 7: Systematic reviews of etiology and risk. In: Aromataris E, Munn Z,
editors. JBI Rev. Man.. ]BI; 2019.

Muller DA, Depelsenaire ACI, Young PR. Clinical and Laboratory Diagnosis of Dengue
Virus Infection. ] Infect Dis 2017;215:589-95. doi:10.1093/infdis/jiw649.

Murad MH, Sultan S, Haffar S, Bazerbachi F. Methodological quality and synthe-
sis of case series and case reports. BM] Evidence-Based Med 2018;23:60-3.
doi:10.1136/bmjebm-2017-110853.

Nealon ], Taurel AF, Yoksan S, Moureau A, Bonaparte M, Quang LC, et al.
Serological Evidence of Japanese Encephalitis Virus Circulation in Asian
Children From Dengue-Endemic Countries. ] Infect Dis 2019;219:375-81.

doi:10.1093/infdis/jiy513.

110

International Journal of Infectious Diseases 119 (2022) 102-110

Ng DHL, Sadarangani SP. Locked in a cage”—A case of dengue virus 4 encephalitis.
PLoS Negl Trop Dis 2017;11. doi:10.1371/journal.pntd.0005369.

Puccioni-Sohler M, Soares CN, Papaiz-Alvarenga R, Castro MJC, Faria LC, Peralta JM.
Neurologic dengue manifestations associated with intrathecal specific immune
response. Neurology 2009;73:1413-17. doi:10.1212/WNL.0b013e3181bd8258.

Saini ], Gupta RK, Jain KK. Intracranial Infections: Key Neuroimaging Findings. Semin
Roentgenol 2014;49:86-98. doi:10.1053/j.ro.2013.09.001.

Sakamoto R, Tanimoto T, Takahashi K, Hamaki T, Kusumi E, Crump A. Flourish-
ing Japanese Encephalitis, Associated with Global Warming and Urbanisation in
Asia, Demands Widespread Integrated Vaccination Programmes. Ann Glob Heal
2019;85:111. doi:10.5334/aogh.2580.

Sharma S, Mishra D, Aneja S, Kumar R, Jain A, Vashishtha VM. Consensus guidelines
on evaluation and management of suspected acute viral encephalitis in children
in India. Indian Pediatr 2012;49:897-910. doi:10.1007/s13312-012-0216-0.

Soares C, Puccioni-Sohler M. Critério diagnéstico de encefalite por dengue. Arq Neu-
ropsiquiatr 2014;72:263. doi:10.1590/0004-282X20130251.

Soares C, Puccioni-Sohler M. Dengue encephalitis: Suggestion for case definition. ]
Neurol Sci 2011;306:165. doi:10.1016/j.jns.2011.04.010.

Solomon T, Michael BD, Smith PE, Sanderson F, Davies NWS, Hart IJ, et al. Manage-
ment of suspected viral encephalitis in adults - Association of British Neurolo-
gists and British Infection Association National Guidelines. ] Infect 2012;64:347-
73. doi:10.1016/j.jinf.2011.11.014.

Turtle L, Solomon T. Japanese encephalitis — the prospects for new treatments. Nat
Rev Neurol 2018;14:298-313. doi:10.1038/nrneurol.2018.30.

Verma R, Sahu R, Holla V. Neurological manifestations of dengue infection: A re-
view. ] Neurol Sci 2014;346:26-34. doi:10.1016/].jns.2014.08.044.

WHO. Japanese Encephalitis Vaccine-Preventable Diseases; 2018.

WHO. Global Maps for Diagnostic Imaging. WHO; 2014 https://www.who.int/
diagnostic_imaging/collaboration/global_collab_maps/en/ accessed August 16,
2020.

WHO and Special Programme for research and Training in Tropical Diseases. Dengue
Guidelines for Diagnosis, Treatment, Prevention and Control. World Heal. Organ.
2009:1-144.

Von Elm EAltman DG, Egger M, Pocock SJ, Getzsche PC, Vandenbroucke, JP. The
Strengthening the Reporting of Observational Studies in Epidemiology (STROBE)
statement: Guidelines for reporting observational studies. PloS Medicine 2007.
doi:10.1371/journal.pmed.0040296.

Yun S-I, Lee Y-M. Japanese encephalitis. Hum Vaccin Immunother 2014;10:263-79.

doi:10.4161/hv.26902.



https://doi.org/10.3389/fcimb.2017.00449
https://doi.org/10.1016/j.jmii.2019.08.010
https://doi.org/10.1186/s40779-020-00238-8
https://doi.org/10.1016/j.jiac.2019.04.003
https://doi.org/10.1097/01.wco.0000137540.29857.bf
https://doi.org/10.1111/ncn3.12231
https://doi.org/10.1016/j.pneurobio.2010.01.008
https://doi.org/10.1016/j.pneurobio.2010.01.008
https://doi.org/10.1016/j.actatropica.2010.08.007
https://doi.org/10.1080/02841850802225901
https://doi.org/10.1371/journal.pmed.1000097
https://doi.org/10.1093/infdis/jiw649
https://doi.org/10.1136/bmjebm-2017-110853
https://doi.org/10.1093/infdis/jiy513
https://doi.org/10.1371/journal.pntd.0005369
https://doi.org/10.1212/WNL.0b013e3181bd8258
https://doi.org/10.1053/j.ro.2013.09.001
https://doi.org/10.5334/aogh.2580
https://doi.org/10.1007/s13312-012-0216-0
https://doi.org/10.1590/0004-282X20130251
https://doi.org/10.1016/j.jns.2011.04.010
https://doi.org/10.1016/j.jinf.2011.11.014
https://doi.org/10.1038/nrneurol.2018.30
https://doi.org/10.1016/j.jns.2014.08.044
http://refhub.elsevier.com/S1201-9712(22)00148-5/sbref0051
https://www.who.int/diagnostic_imaging/collaboration/global_collab_maps/en/
http://refhub.elsevier.com/S1201-9712(22)00148-5/sbref0053
https://doi.org/10.1371/journal.pmed.0040296
https://doi.org/10.4161/hv.26902

	A systematic review of brain imaging findings in neurological infection with Japanese encephalitis virus compared with Dengue virus
	Introduction
	Japanese encephalitis
	Dengue
	Brain imaging in viral encephalitis

	Materials and methods
	Search strategy
	Inclusion and exclusion criteria
	Population
	Comparator
	Outcome

	Exclusion criteria
	Data extraction
	Quality assessment
	Qualitative and quantitative synthesis strategy

	Results
	Risk of bias assessment
	Study baseline and participants’ characteristics
	Summary of MRI and CT findings in JE and dengue neurological manifestation
	MRI findings in JE and dengue encephalitis
	The spectrum of MRI findings associated with dengue infection

	Discussion
	Conflict of Interests declaration
	Funding information
	Ethical Approval Statement
	Supplementary materials
	References


