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Abstract 

Background & Objective: Neurological manifestations were reported in dengue fever. We hypothesize 
that the diagnosis of DEN virus (DENV) encephalitis based on current clinical diagnostic criteria 
has been made too liberally. We conducted a systematic review of the literature to clarify this, and 
to characterize DENV encephalitis better. Methods: We systematically review the literature using 
MEDLINE and PubMed databases papers published from 1st January 1960 to 31st March 2020.  We 
grouped the cases into definite and probable DENV encephalitis. Definite DENV encephalitis required 
demonstration of DENV (live virus, viral antigens, RNA) in the central nervous system or CSF whereas 
probable DENV encephalitis required positive anti-DENV IgM in the CSF and evidence of virus or 
anti-DENV IgM in the serum. Results: Of the 230 publications obtained from literature search, 121 
case reports and series appeared relevant to DENV encephalitis. After applying our inclusion criteria, 
only 42 cases (34.7%) were acceptable as DENV encephalitis: 30 (24.8%) definite and 12 (9.9%) 
probable cases. Our findings suggest that DENV encephalitis is more uncommon than previously 
thought. Part of the reason for non-inclusion may be because many studies relied solely on DENV 
serology for diagnosis. Cross-reactivities of anti-DENV with anti-JE virus immunoglobulins in serum 
or CSF occur and this limits their usefulness to distinguish DENV encephalitis from JE. 
Conclusions: The majority of DENV encephalitis cases reported in the literature did not satisfy a more 
stringent inclusion criteria. Further investigations including autopsy studies are warranted to better 
characterize and to understand the pathology and pathogenesis of DENV encephalitis. 
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INTRODUCTION

Dengue virus (DENV) is a single-stranded RNA 
virus belonging to the Flavivirus genus in the 
Flaviviridae family. It is transmitted by the 
mosquitoes, Aedes aegypti and Aedes albopictus. 
The 4 distinct DENV serotypes are all capable of 
causing human infections. It is estimated that there 
are 390 million cases of dengue (DEN) infection 
per year1 with more than 100 endemic countries, 
Latin America, Southeast Asia and Western Pacific 
regions being the most seriously affected.
	 In 2009, the World Health Organisation (WHO) 
reclassified DEN infection into 2 main categories: 
DEN fever with or without warning signs and 
severe DEN. 2 DEN infection usually manifests 
initially with high grade fever, headache, retro-
orbital pain, myalgia, arthralgia, nausea, vomiting 
and abdominal pain. As the infection progresses 
through the critical phase, patients can either 

recover uneventfully or progress into potentially 
fatal severe DEN which involves severe organ 
involvement or plasma leakage or bleeding, 
leading to shock. Impaired consciousness, which 
could be due to encephalitis or encephalopathy, is 
one of the defining features of severe DEN with 
central nervous system (CNS) involvement.
	 Neurological manifestations has been 
reported in 0.5% to 48.8% of patients with 
DEN fever3-5 but its exact incidence as part of 
severe DEN is unknown. This is partly because 
the neuropathogenesis of DENV encephalitis 
and indeed, its very definition is unclear.  The 
diagnosis of DENV encephalitis in the literature 
is mainly based on clinical features with/without 
the demonstration of DENV in the cerebrospinal 
fluid (CSF) or brain tissue. Soares et al. 6 and 
Carod-Artal et al. 7 had earlier proposed definitions 
and criteria for DENV encephalitis (Table 1).
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	 Perhaps DENV encephalitis should best be 
defined as pathological demonstration of typical 
viral encephalitic changes in brain tissues 
such as perivascular cuffing and parenchymal 
infiltration by inflammatory cells, oedema and 
necrosis together with in situ demonstration 
of viral antigens and/or viral genome. Other 
flaviviral encephalitides caused by such Japanese 
encephalitis virus (JEV)10,11 West Nile virus12, St 
Louis encephalitis virus13, tick-borne encephalitis 
virus14, and Murray Valley encephalitis virus15 
have indeed been pathologically confirmed to 
be encephalitic and neurotropic. In our opinion 
and opinions from other authors16, typical acute 
encephalitic changes and cellular localisation 
of viral antigens and/or viral RNA have not 
been convincingly demonstrated in DEN studies 
despite some autopsy cases reported by Chimelli 
et al. and Miagostovich et al.17,18 Nonetheless, an 
interesting case of chronic DEN encephalitis in 
which virus has been demonstrated in infected 
CNS tissues in an immunocompromised patient 
has been recently reported.19

	 We believe the existing clinical criteria for 
DENV encephalitis diagnosis, including those 
by Soares et al.6 and Carod-Artal et al.7 (Table 1)
although generally adequate, may not have 
been sufficiently or properly applied. Although 
both criteria require the exclusion of other 
neuroinvasive pathogens, many investigators 
may not have paid sufficient attention to 
this caveat. Since there is a huge overlap of 
geographical distributions of DENV and JEV, 
exclusion of JE is important as it is the most 
common viral encephalitis. Moreover, DENV-JEV 
immunoglobulin cross-reactivity is well-known, 
so relying on it without other confirmatory tests 

for DENV infection could potentially lead to a 
wrong diagnosis. Thus, we hypothesize there could 
be many cases of DENV encephalitis reported 
in the literature that may be misdiagnosed and 
confused with JE or may be DEN encephalopathy 
rather than true encephalitis.  If this hypothesis is 
correct, clinical and laboratory data derived from 
these reports may not be reliable. We conducted a 
comprehensive systematic review of the literature 
to clarify these issues.

METHODS

Search strategy

We conducted a systematic literature review using 
databases including MEDLINE and PubMed, 
Scopus from 1960 to 1st March 2020. We used 
the terms of (“dengue”) AND (“neurolog*” OR 
“encephal” OR “neurolog manifestations”) in our 
search strategy. 

Inclusion and exclusion criteria

We considered original studies published in peer-
reviewed journals in English. We included all 
case reports and case series (with and without 
autopsy findings) were reviewed for their clinical 
presentations, including CSF, magnetic resonance 
imaging (MRI) and electroencephalograph 
(EEG) findings. Evidence of DEN infection 
based on available laboratory diagnostic tests 
was carefully evaluated. We excluded animal 
studies, cases in case reports or case series 
with incomplete confirmatory diagnostic tests 
for DEN encephalitis or encephalopathy, other 
DEN-related neurological disorders (myositis, 
acute demyelinating encephalomyelitis, Guillain 

Table 1: DENV encephalitis definition criteria by Soares et al. and Carod-Artal et al. 

Soares et al. 20118 Carod-Artal et al. 20139

1.  Presence of fever
2.  Acute signs of cerebral involvement such  as 

altered consciousness or personality and/or 
seizures, and/or focal neurological signs

3.  Reactive IgM DEN antibody, NS1 antigen or 
positive DEN PCR on serum and/or CSF

4.  Exclusion of other causes of viral encephalitis 
and encephalopathy

Dengue diagnostic tests were highly suggestive of or 
confirming acute DENV infection as recommended 
by WHOa for clinical category of DEN encephalitis, 
and to fulfil all of the following: 
1.  CNS involvementb

2.  Presence of DEN virus RNA, or NS1 antigen 
in CSF

3. CSF pleocytosis without other neuroinvasive 
pathogens

a. Highly suggestive DEN is defined as: IgM-positive in one serum sample; or IgG-positive in one serum sample with 
haemagglutination inhibition titre of 1280 or greater. Confirmed DEN is defined by one of the following: PCR-positive; 
virus culture-positive; IgM seroconversion in paired serum samples; IgM seroconversion in paired serum samples or 
four-times IgG titre increase in paired serum samples.

b.	CNS involvement: At least one of the following: impaired conscious (for children < 6 years, Blantyre coma score ≤ 4;
	 for those older than 5 years, GCS ≤14), neck stiffness, focal neurological signs or seizures.
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Barre’ Syndrome, transverse myelitis, ocular 
complications, peripheral neuropathy).
	 Laboratory diagnostic tests were grouped into 
two categories: tests that demonstrated evidence 
of DENV in the CNS (CSF and/or brain tissue) 
and tests that showed evidence of recent systemic 
DENV infection. Evidence of DENV in the CNS 
was defined as presence of one or more of the 
following: NS1 antigens, viral RNA (detected by 
polymerase chain reaction (PCR)), viral antigens 
(detected in tissues by immunohistochemistry) 
and positive viral isolation. Recent evidence of 
systemic DENV infection was defined as presence 
in the serum of one or more of the following: NS1 
antigens, viral RNA or positive viral isolation. 
DEN IgM alone either in the CSF or serum 
without excluding the possibility of cross-reacting 
JEV IgM is not accepted as evidence of DENV 
infection. Using our inclusion criteria, acceptable 
cases of DENV encephalitis were grouped into 
either definite or probable DENV encephalitis 
(Table 2). Although CSF pleocytosis it is a very 
good indication of an inflammatory process in 
meninges, brain parenchyma or both, its absence 
does not exclude the diagnosis of encephalitis. 20 
Therefore, CSF pleocytosis was not required in 
our inclusion criteria. 

Operational definition of DENV encephalitis 
and encephalopathy

Definite DENV encephalitis

We defined definite DENV encephalitis as cases 

with the clinical evidence of encephalitis and 
demonstration of virus particle in CSF or brain. 
(Table 3) However, in severe DEN with plasma 
leakage, where leakage of viral particles into 
CSF is possible, CSF pleocytosis and higher CSF 
DENV IgM titer (compared to serum) needed to 
be fulfilled for definite DENV encephalitis. 

Probable DENV encephalitis

We defined probable DENV encephalitis as cases 
with the clinical evidence of encephalitis and 
demonstration of virus particle demonstration of 
anti-DENV IgM in the CSF and detectable serum 
NS1 antigen or DENV PCR or viruses by viral 
culture. (Table 3)

Dengue encephalopathy

We defined dengue encephalopathy as cases 
with altered sensorium, clinical and serological 
evidence of DEN infection without CSF 
serological evidence and viral particles in CSF 
or brain tissues. (Table 2)

Study selection

The PRISMA guidelines for conducting systematic 
reviews were followed. All potentially eligible 
studies were reviewed by two independent 
reviewers (SL, KT, CT) using the inclusion 
and exclusion criteria. We first screened the all 
titles and abstracts from the search followed by 
screening and selection of the full-texted articles. 
(Figure 1)

Table 2: Inclusion criteria for definite and probable dengue virus (DENV) encephalitis

Definite DENV encephalitis (all items to be satisfied)
1. Encephalitic symptoms and signs¥

2. Detection of DENV in CSF and/or brain tissue by one or more of the following:
- NS1antigen
- RNA by PCR
- virus isolation by culture
- viral antigens by immunohistochemistry

Probable DENV encephalitis (all items to be satisfied)
1. Encephalitic symptoms and signs
2. Evidence of anti-DENV IgMϒ in the CSF AND presence of one or more of the following in the serum:

- NS-1 antigen
- RNA by PCR
- virus isolation by culture
- anti-DENV IgM

¥, Altered sensorium or change in behaviour or mental status; ϒ, In endemic areas for Japanese encephalitis, concurrent 
CSF/serum anti-JEV IgM should be tested and titers compared with CSF/serum anti-DENV IgM. The higher IgM titer 
obtained should be considered as the infecting virus; CSF, cerebrospinal fluid; NS1 antigen, nonstructural-1 antigen; 
RNA, ribonucleic acid; PCR, polymerase chain reaction.
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Figure 1. PRISMA flowchart for study selection.

RESULTS

Out of the 230 publications obtained from the 
databases using the keywords, a total of 121 
articles (56 case series and 65 case reports) 
appeared relevant to DENV encephalitis or 
encephalopathy.
	 Upon application of our stringent inclusion 
criteria, 42 out of 121 publications (34.7%) 
were accepted as DENV encephalitis (definite 
or probable); eight of these publications had 
apparent autopsy findings.5,17,18,21-25 We excluded 
79 publications for further analysis. The reasons 
for exclusion were: 

1.	 Only positive CSF DENV IgM available but 
no JEV IgM for comparison for cases reported 
in endemic regions (n=20).

2.	 No CSF examination for DENV or DENV 
IgM, only serum findings (n=38).

3.	 CSF available for examination, but negative 
for DENV or DENV IgM (n= 9).

4.	 CSF DENV or DENV IgM available for 
examination, but no serum findings of DENV 
or DENV IgM (n=3).

5.	 Concurrent positivity of CSF DENV IgM and 
JEV IgM but no information on the titers for 
comparison (n=2).

6.	 Autopsy studies with no evidence of viral 
antigens in the CNS available (n=7).
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	 Based on these 42 publications, a final tally 
of 181 DENV encephalitis cases comprising 
125 cases of definite and 56 cases of probable 
DENV encephalitis was recorded (Table 3). Not 
surprisingly, most of the accepted cases were 
from India and Sri Lanka, with fewer cases 
from Brazil, Vietnam, Malaysia and Singapore. 
Overall, the clinical features of these definite and 
probable DENV encephalitis cases were rather 
non-specific, and appear to be common to other 
viral encephalitides. All of them had fever.  Altered 
sensorium consisted of reduced consciousness 
level, altered behaviour, stupor, drowsiness, or 
coma. Other neurological signs reported were 
seizures, pyramidal tract signs, cranial nerve 
palsies and neck stiffness (Table 3). 
	 A total of 97 cases had CSF analysis showing 
CSF pleocytosis (white blood cell counts ≥ 5 cells/
mm3) in 58.8% (57/97) of cases and raised protein 
in 56.7% (55/97).21,26-37 Twenty two (22.7%) cases 
had normal protein and glucose18,21,31,38-44 and in 
another 20 cases (20.6%) the protein or glucose 
results were not recorded.4,45-48

	 There were 42 cases with MRI findings in 
which 76.1% (32/42) had abnormalities detected 
by T2, fluid attenuated inversion recovery 
(FLAIR) or DWI (diffusion weighed imaging) 

(Table 4). The most common finding was cerebral 
edema (23.8%).31,3,35,41,49 More interestingly, 
bilateral thalami hyperintensities were seen in 
14.3% of cases.21,28,29,31,50 The “double doughnut” 
sign in which bilateral thalami T2 and FLAIR 
hyperintensity, and restricted diffusion with 
blooming artefact on gradient echo sequence 
in the centres of the thalami, were described 
in 2 cases.29 One of the cases with double 
doughnut signs was associated with lesions in 
the cerebellum and another case had lesions in 
the pons and midbrain.29 Among the total of 16 
cases with T2/FLAIR hyperintensities 43.8% 
(7/16) had solitary lesions and 56.2% (9/16) had 
multiple lesions.21,28,29,31,44,49-51 There were total 
of 9.6% (4/42) cases with bilateral basal ganglia 
and lenticular nuclei changes.28,31 Splenium 
involvement was detected in 7.0% of cases31,51, 
isolated brainstem, cortical or subcortical white 
matter changes (corona radiata and internal 
capsule) were each reported in 2.4% of cases, 
respectively31,50 (Table 4). Among the 6 cases 
with brain CT scans, 4 cases had isolated cerebral 
edema as the most common finding.21,25,38,49 One 
case showed bilateral thalami changes with 
hemorrhagic transformation21 and in another case, 
CT brain was reported as normal.52

Table 4. Summary of brain MRI findings in definite and probable DENV encephalitis cases (n=42)

MRI  findings in specific brain regions Percentage with detectable 
lesions (number of cases)

References

T2-weighted or FLAIR or DWI 
hyperintensities: 

Location:
Bilateral thalami¥ 14·3 (6)e 21,28,29,31,49

Bilateral basal ganglia 4·8 (2) 31

Lenticular nucleus 4·8 (2) 28,31

Splenium 7·1 (3) 31,50

Cortical region (not otherwise specified) 4·8(2) 31

Frontal lobe area 2·4 (1) 31

Parietal lobe area 2·4 (1) 31

Frontoparietal and temporal lobes area 2·4 (1) 44

Bilateral cerebellum 4·8 (2) 29,49

Pons 2·4 (1) 49

Midbrain 2·4 (1) 49

Subcortical white matter ϒ 9·5 (4) 31

Other MRI findings
Cerebral edema only 23·8 (10) 31

Meningeal enhancement 9·5 (4) 31,44,49

Ischaemic encephalopathy 2·4 (1) 39

Normal MRI 23·8 (10) 3,35,41,51,55

MRI, magnetic resonant imaging; FLAIR, fluid attenuated inversion recovery; DWI, diffusion weighted image; 
¥, “Double doughnut” sign was described in two cases reported by Chatur et al; ϒ, Subcortical white matter includes 
internal capsule, centrum semi-ovale, corona radiata.
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	 EEG findings were reported in 38 
cases.28,31,35,40,42-44,49,55 The most common finding 
was diffuse slowing (71.1%)31,43,44,49,55 but in 15.7% 
of cases, the findings were normal.42,49 Focal and 
generalised spikes and waves were reported in 
5.3% cases.28,31,43,44,49,55

DISCUSSION

Accurate case definitions are important in 
diagnosis, epidemiological and clinical research. 
However, case definitions can be problematic 
in diseases where the underlying pathology, 
preferably based on autopsies, is unknown or 
poorly characterized52. From the pathological 
perspective, DENV encephalitis should 
demonstrate typical features of acute viral 
encephalitis that includes perivascular cuffing 
and parenchymal infiltration by inflammatory 
cells, oedema and necrosis, accompanied by the 
presence of DENV demonstrable by electron 
microscopy, immunohistochemistry, in situ 
hybridization or other methods. This agrees with 
the consensus statement by the International 
Encephalitis Consortium that in confirmed viral 
encephalitis, there should be clear evidence of 
viral invasion into the CNS, viral replication 
and inflammation of the brain parenchyma.20 
However, antemortem pathological examination, 
considered as the “gold standard” diagnostic test 
for encephalitis, is rarely done due to potential 
risk of an invasive procedure that a biopsy 
requires.20 Unfortunately, despite some autopsy 
reports5,17,18,22-25, we and others16 believe that acute 
DENV encephalitis in immunocompetent patients 
still has not been well characterised unlike the other 
flaviviral encephalitidies.10-15 However, a recent 
autopsy report of chronic DEN panencephalitis 
in an immunocompromised patient demonstrated 
DENV in inflamed neuroglial tissues19 confirming 
that DENV is neurotropic.
	 In lieu of a pathological diagnosis based on 
biopsy or autopsy, strictly speaking, clinical 
diagnosis of definite DENV encephalitis should 
be based on the presence of virus in the CSF 
or CNS tissues. This can be demonstrated by 
virus isolation, PCR detection of viral genome 
or detection of viral proteins/antigens. This is 
important since other flaviviral encephalitides 
especially JE, may show similar clinical, 
radiological and laboratory features that could 
complicate diagnosis. Thus, our inclusion criteria 
for this review emphasizes the need to demonstrate 
evidence of DENV (live virus, viral RNA, antigens 
in CSF or brain tissues) for confirmed DENV 
encephalitis. For probable DENV encephalitis, 

in the absence of direct evidence of DENV in 
the CNS, CSF anti-DENV IgM was required for 
this diagnosis after excluding cross-reacting JEV 
IgM. 
	 The cross-reactivities of anti-DENV with anti-
JEV IgMs and IgGs in serum or CSF limit their 
usefulness to distinguish DEN from JE, unless 
both tests are done in tandem.3,5,29,32,33,35,43,44,49,55,57,58 
Unfortunately, most publications overlooked 
this crucial point, so unless evidence of DENV 
is demonstrated, a positive DENV IgM or 
IgG as a standalone result or in the context of 
seroconversion, cannot be accepted.  It was found 
that the co-detection rate for anti-DENV and anti-
JEV IgM  in the CSF ranged from 9.0% to as 
high as 50.0% in patients with encephalitis.3,57,59,60 
This observation may be due to serological cross-
reactivity, or even sequential or co-infection by 
DENV and JEV.  
	 In practice, the virus with a higher IgM titre in 
the CSF is considered as the infecting virus.27,59-61 
Detection of virus is largely dependent on the 
time of specimen collection during the short 
viraemic phase, and not after IgM seroconversion 
has occurred. In severe DEN, viral entry into the 
CNS is thought to result from increased vascular 
permeability at the blood brain barrier leading 
to leakage of virus and IgM into the CSF and 
brain parenchyma. IgM leakage could probably 
explain why CSF titres are lower compared to 
serum titres.62,63 In the In view of possible viral 
particles leakage into the CSF in cases of severe 
DEN, CSF pleocytosis and higher CSF DENV 
IgM (compared to serum IgM) should be used 
to reinforce the evidence of encephalitis in the 
diagnosis of definite DENV encephalitis. 
	 Based on our stringent inclusion criteria, 
we found only 34.7% or 181 (125 definite and 
56 probable) of previously reported DENV 
encephalitis cases were acceptable cases. This 
suggests that the diagnosis of DENV encephalitis 
had been made too liberally and based on poor 
evidence of DENV in the CNS. Most of the 
rejected cases did not demonstrate the presence 
of DENV in the CNS either due to lack of CSF 
examination or negative DENV PCR or DENV 
IgM in the CSF.64-71 We also did not accept 
cases with apparent positive CSF DENV IgM 
as probable DENV encephalitis if no JEV PCR 
or CSF IgM in the to exclude especially DENV 
and JEV endemic regions to address the issue 
of cross-reactivity between DENV IgM and JE 
IgM.71 
	 While we accept the dangers of performing 
invasive procedure such as lumbar puncture on 
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patients with severe DEN due to thrombocytopenia 
or hemodynamic instability. in cases with no CSF 
DENV examination, the diagnosis of DENV 
encephalitis should be made with caution as the 
neurological symptoms might be due to other causes 
of encephalopathy. In the literature we reviewed, 
the term “encephalitis” and “encephalopathy” 
were often used interchangeably, leading to 
some confusion over the definitions of these 2 
clinically similar but pathologically distinctive 
conditions.  “Encephalopathy” refers to a clinical 
state of altered mental status manifesting as 
confusion, disorientation, behavioural changes 
or other cognitive impairments, with or without 
inflammation of brain tissue.20 Encephalopathy in 
DEN infection could be attributed to metabolic 
complications (e.g. hepatic failure, renal failure, 
hyponatremia, metabolic acidosis), cerebral 
hypoperfusion due to hypovolaemic shock, 
intracranial haemorrhage or disseminated 
intravascular coagulopathy.  In cases with altered 
sensorium, only serological evidence of DEN 
infection without the evidence of viral particles in 
the brain/ CSF or serological evidence of DENV 
in CSF would best be categorised as dengue 
encephalopathy as there we no direct evidence 
of CNS invasion. 
	 Altered sensorium was included in our 
inclusion criteria for DENV encephalitis based 
on the criteria proposed by Soares et al.6, Carod-
Artal et al.7 and the consensus statement of the 
International Encephalitis Consortium. Altered 
sensorium implied an acute change in behaviour or 
mental status. In the cases we included as definite 
and probable DENV encephalitis, all except two 
early fatal cases (one with sudden death after 
discharge from hospital and one with otherwise 
unspecified neurological manifestations)22,23 had 
altered sensorium in the form of drowsiness, 
reduced level of consciousness or change in 
behaviour. We included the two cases without 
the usual altered sensorium as both cases showed 
evidence of DENV in CNS.22,23 Other neurological 
signs reported in DENV encephalitis included 
in this review were bilateral opthalmoplegia, 
abnormal coordination, choreiform movements 
and frontal release signs.51,58,63,72 These appeared 
to be non-specific to DENV encephalitis.
	 As fever is a non-specific finding in viral 
encephalitis20 , we did not specify fever in our 
inclusion criteria for DENV encephalitis. Fever 
was included in the definition criteria proposed 
by Soares et al.6 but not in the criteria proposed 
by Carod-Artal et al.7 Nevertheless, all the cases 
in Table 3 had fever, but we need to be reminded 

that immunosuppressed patients may not be able 
to mount a febrile response to infection. 
	 CSF pleocytosis was required in the diagnostic 
criteria proposed by Carod-Artal et al.9 However, 
CSF pleocytosis may also be a non-specific 
finding in viral encephalitis. While it indicates 
an inflammatory process in meninges and/or 
brain parenchyma, absence of pleocytosis does 
not exclude encephalitis.20

	 In fact, only 61.9% of the included cases (both 
confirmed and probable DENV encephalitis) had 
CSF findings that reported pleocytosis. However, 
in severe DEN it is possible that plasma leakage 
may facilitate virus or IgM leakage into the CSF, 
so under these circumstances, additional evidence 
of CSF pleocytosis might be helpful to strengthen 
the evidence of CNS inflammation. 
	  Among the 8 publications that mentioned 
seizures, there was only a case of epilepsia partialis 
continua with EEG findings of right temporal focal 
spikes that showed good correlation.35 Seizures 
in encephalitis may be focal or generalised73, 
and the EEG findings were non-specific and not 
unique for DENV encephalitis. (Table 3) Similar 
EEGs were found in JEV encephalitis, including 
theta and delta slowing, alpha coma and some 
with epileptiform discharges.74 In Murray Valley 
encephalitis, only diffuse slowing has been 
described.72 All these findings may also occur in 
encephalopathy due to other causes. 
	 Non-specific cerebral edema and normal 
findings in the brain MRI were reported in 
approximately equal frequencies and were 
apparently the most frequent findings in DENV 
encephalitis.  T2 and FLAIR hyperintensities in 
bilateral thalami were one of the relatively more 
common abnormalities, being found in 14.3%. 
The double doughnut sign (bilateral thalami T2 
and FLAIR hyperintensity with central blooming 
artefact) in the MRI brain as described in the 2 
cases included as probable DENV encephalitis 
were interesting findings in DENV encephalitis.29 
The bilateral thalami changes with haemorrhage 
transformation as reported in the CT brain in one 
case may also be a possible double doughnut 
sign.21 However, as this neuroimaging finding 
is not commonly reported, we were unsure its 
specificity in DENV encephalitis. Interestingly, 
bilateral thalamic lesions were also frequently 
seen in other flaviviral encephalitides, e.g. JE 
encephalitis76-81, Murray valley virus encephalitis79

and tick-borne encephalitis80 and may suggest 
a common neuropathogenesis in flaviviral 
encephalitides. Early thalamic involvement in a 
footpad-infected JE mouse model had suggested 
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a role for sensory peripheral nervous system in 
neuroinvasion. Based on these findings it was 
postulated that following an infected mosquito 
bite, JEV travel up cutaneous sensory nerves 
to infect the thalami early and then spread to 
other parts of the human CNS.81 Similarly, 
other flaviviruses including DENV, transmitted 
by mosquito or tick, may be able to use this 
route for neuroinvasion. Interestingly, it was 
suggested that hippocampal involvement seen 
in JE but apparently not in DENV encephalitis, 
might be a radiological clue to differentiate 
these 2 encephalitides.77 Splenium involvement 
was described in some cases of definite DENV 
encephalitis but it is likely to be non-specific 
since reversible splenium lesions had been found 
in bacterial and viral CNS infections (including 
JE), metabolic and anti-epileptic drug induced 
encephalopathies.82,83 Brainstem involvement 
seen in JE, 77 was described in one definite DENV 
encephalitis case.19 
	 As alluded to earlier, we believe the 
pathological features of DENV encephalitis have 
so far not been well documented despite a few 
autopsy cases.17,19 In a large series of autopsies, 
Bhoopat et al. described the presence of a few 
lymphocytes seen around vessels in the brain and 
reported DENV antigens in multiple brain regions 
and cells, including neurons in cerebral cortex, 
Purkinje and granular cells in the cerebellum, 
astrocytes, microglial, epithelial lining and 
endothelial cells in the choroid plexus. However, 
no neuronal necrosis was reported and illustrations 
not presented.84 Chimelli et al. described 5 fatal 
DEN cases with neurological symptoms that had 
perivascular mononuclear cells (lymphocytes and 
macrophages) cuffing, non-specific edema, focal 
hemorrhage and perivenous demyelination but 
no evidence of cell necrosis. 18 They suggested 
the findings could represent acute disseminated 
encephalitis. The subsequent follow up study 
of these same cases by Miagostovich et al. was 
apparently able to find DENV antigen-positive 
cells located within Virchow Robin spaces in the 
white and grey matter with “cytopathic features” in 
adjacent neurons.17 Unfortunately, the illustrations 
in this paper are unconvincing.
	 The subsequent few cases with autopsies also 
did not show histological evidence of encephalitis 
despite of detectable DENV or viral antigen in 
the brain tissues by PCR, immunohistochemistry 
staining or viral culture. One case reported 
by Janssen et al. found DENV 2 via PCR in 
brain tissue and immunoperoxidase stain for 
DENV IgM in the capillaries without signs of 

neuronal necrosis, viral inclusions or meningo-
encephalitis changes.25 Another case reported 
in the same year by Ramos et al. also had 
positive DENV 4 detected via PCR and DENV 
IgM via immunohistochemistry staining in the 
inferior olivary nucleus of medulla and granular 
layer of cerebellum. Again, there were no 
inflammatory perivascular cuffs or neural death 
with neurophagia and activated microglia seen 
to suggest encephalitis.24 In the case reported 
by Noguiera et al. with DENV virus cultured 
from brain tissue with no mononuclear cells 
infiltration seen in the autopsy.23 There were also 
other cases of DENV infection with neurological 
signs were reported as DENV encephalitis based 
on autopsy finding which were compatible with 
viral encephalitis but without further description 
of the microscopic findings. We did not include 
these cases in our results although the CSF had 
detectable DENV IgM, as there JE was not 
excluded from the cases and the evidence of 
encephalitis were unclear.85,86

	 We believe the only case with  convincing 
evidence of DENV CNS  infection  to date was 
a case of chronic DEN panencephalitis in an 
immunocompromised patient who presented 
with dementia in which microglial nodules,  
predominant T cell infiltrates including CD8 cells 
were demonstrated in the CNS. Immunostaining 
showed extensive viral envelope proteins in 
cerebral vasculatures, neurons and some glial 
cells throughout the brain including, hippocampus, 
basal ganglia and cerebellum. Viral RNA was also 
detected in the same regions of the brain.19 
	 Thus, unlike other acute flaviviral encephalitides 
such as JE, tick-borne encephalitis, West 
Nile encephalitis and Murray Valley virus 
encephalitis in which the viruses were found 
to be unequivocally neuronotropic (i.e. has 
a predilection for neurons), we believe CNS 
localization of viral antigens/RNA in acute DENV 
encephalitis in an immunocompetent patient has 
not been convincingly demonstrated.  Further 
investigations are needed to confirm and to advance 
our knowledge of DENV encephalitis pathology 
and pathogenesis and to investigate if all flaviviral 
encephalitides share similar clinicopathological 
features. More post-mortem studies are needed 
in order to determine the neuropathogenesis and 
to provide more pathological evidence of DENV 
encephalitis in the human CNS.
	 In conclusion, in this review, we found 
only 34.7% of previously reported DENV 
encephalitis cases were definite or probable DENV 
encephalitis. We believe, when the diagnosis 
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is made it is critical to exclude confounding 
infections, especially JE. In this way, a better 
understanding of clinico-pathological features 
of DENV encephalitis, and estimation of disease 
burden and its impact on the population could 
also be done more accurately. 

DISCLOSURE

Financial support: None

Conflict of interest: none

REFERENCES
	 1.	 Bhatt S, Gething PW, Brady OJ, et al. The 

global distribution and burden of dengue. Nature 
2013;496(7446):504-7. DOI: 10.1038/nature12060.

	 2.	 World Health Organization. Dengue and severe 
dengue. (https://www.who.int/news-room/fact-
sheets/detail/dengue-and-severe-dengue). Accessed 
on 31st July 2021. 

	 3.	 Cam BV, Fonsmark L, Hue NB, Phuong NT, Poulsen 
A, Heegaard ED. Prospective case-control study of 
encephalopathy in children with dengue hemorrhagic 
fever. Am J Trop Med Hyg 2001;65(6):848-51.DOI: 
10.4269/ajtmh.2001.65.848.

	 4.	 Misra UK, Kalita J, Mani VE, Chauhan PS, Kumar 
P. Central nervous system and muscle involvement 
in dengue patients: A study from a tertiary care 
center. J Clin Virol 2015;72:146-51. DOI: 10.1016/j.
jcv.2015.08.021.

	 5.	 Araujo FM, Araujo MS, Nogueira RM, et al. 
Central nervous system involvement in dengue: a 
study in fatal cases from a dengue endemic area. 
Neurology  2012;78(10):736-42. DOI: 10.1212/
WNL.0b013e31824b94e9.

	 6.	 Cristiane S, Marzia PS. Diagnosis criteria of dengue 
encephalitis. Arq Neuropsiquiatr 2014;72(3):263. 
DOI: 10.1590/0004-282x20130251. 

	 7.	 Carod-Artal FJ, Wichmann O, Farrar J, Gascon J. 
Neurological complications of dengue virus infection. 
Lancet Neurol 2013;12(9):906-19. DOI: 10.1016/
s1474-4422(13)70150-9.

	 8.	 Soares CN, Puccioni-Sohler M. Dengue encephalitis: 
suggestion for case definition. J Neurol Sci 
2011;306:165-165.

	 9.	 Carod-Artal FJ. Neurological complications 
of Zika virus infection. Expert Rev Anti 
In fect  Ther    2018;16(5) :399-410.  DOI: 
10.1080/14787210.2018.1466702.

	10.	 Miyake M. The pathology of Japanese encephalitis. 
A review. Bull World Health Organ 1964;30(2):153-
160. (https://pubmed.ncbi.nlm.nih.gov/14153404). 
Accessed on 31st July 2021. 

	11.	 Wong KT, Ng KY, Ong KC, et al. Enterovirus 71 
encephalomyelitis and Japanese encephalitis can 
be distinguished by topographic distribution of 
inflammation and specific intraneuronal detection 
of viral antigen and RNA. Neuropathol Appl 
Neurobiol 2012;38(5):443-53.DOI: 10.1111/j.1365-
2990.2011.01247.x.

	12.	 Hayes EB, Sejvar JJ, Zaki SR, Lanciotti RS, Bode 
AV, Campbell GL. Virology, pathology, and clinical 
manifestations of West Nile virus disease. Emerg 
Infect Dis 2005;11(8):1174-9. DOI: 10.3201/
eid1108.050289b.

	13.	 Reyes MG, Gardner JJ, Poland JD, Monath 
TP.  St  Louis  encephal i t is :  Quant i ta t ive 
histologic and immunofluorescent studies. 
Arch Neurol 1981;38(6):329-34. DOI: 10.1001/
archneur.1981.00510060031002.

	14.	 Gelpi E, Preusser M, Garzuly F, Holzmann H, Heinz 
FX, Budka H. Visualization of Central European tick-
borne encephalitis infection in fatal human cases. J 
Neuropathol Exp Neurol 2005;64(6):506-12. DOI: 
10.1093/jnen/64.6.506.

	15.	 Fu TL, Ong KC, Tran YD, McLean CA, Wong KT. 
Viral neuronotropism is important in the pathogenesis 
of Murray Valley encephalitis. Neuropathol Appl 
Neurobiol 2016;42(3):307-10. DOI: 10.1111/
nan.12285.

	16.	 Johnson ES, Bilbao JM. Flaviviruses 2: West Nile, 	
St. Louis encephalitis, Murray Valley encephalitis, 
yellow fever, and dengue. In: Chretien F, Wong KT, 
Sharer LR, eds: Infections of the central nervous 
system: Pathology and genetics. John Wiley & Sons 
Ltd. 2020:147-62.

	17.	 Miagostovich MP, Ramos RG, Nicol AF, et al. 
Retrospective study on dengue fatal cases. Clin 
Neuropathol 1997;16(4):204-8. 

	18.	 Chimelli L HM, Netto MB, Ramos RG, Dias M, Gray 
F. Dengue: neuropathological findings in 5 fatal cases 
from Brazil. Clin Neuropathol 1990;9(3):157-162.

	19.	 Johnson TP, Larman HB, Lee MH, et al. Chronic 
dengue virus panencephalitis in a patient with 
progressive dementia with extrapyramidal features. 
Ann Neurol 2019;86(5):695-703. DOI: 10.1002/
ana.25588.

	20.	 Venkatesan A, Tunkel AR, Bloch KC, et al. Case 
definitions, diagnostic algorithms, and priorities 
in encephalitis: consensus statement of the 
international encephalitis consortium. Clin Infect 
Dis 2013;57(8):1114-28. DOI: 10.1093/cid/cit458.

	21.	 Jois D, Moorchung N, Gupta S, Mutreja D, Patil 
S. Autopsy in dengue encephalitis: An analysis of 
three cases. Neurol India 2018;66(6):1721-5. DOI: 
10.4103/0028-3886.246276.

	22.	 Nogueira RM, Schatzmayr HG, de Filippis AM, et al. 
Dengue virus type 3, Brazil, 2002. Emerg Infect Dis 
2005;11(9):1376-81. DOI: 10.3201/eid1109.041043.

	23.	 Nogueira RM, Filippis AM, Coelho JM, et al. Dengue 
virus infection of the central nervous system (CNS): 
a case report from Brazil. Southeast Asian J Trop 
Med Public Health 2002;33(1):68-71. 

	24.	 Ramos C, Sanchez G, Pando RH, et al. Dengue 
virus in the brain of a fatal case of hemorrhagic 
dengue fever. J Neurovirol 1998;4(4):465-8. DOI: 
10.3109/13550289809114548

	25.	 Janssen HL, Bienfait HP, Jansen CL, et al. Fatal 
cerebral oedema associated with primary dengue 
infection. J Infect 1998;36(3):344-6. DOI: 10.1016/
s0163-4453(98)94783-1.

	26.	 Bastos MdS, Martins VdCA, Silva NLd, et al. 
Importance of cerebrospinal fluid investigation 



927

during dengue infection in Brazilian Amazonia 
region. Memorias do Instituto Oswaldo Cruz 
2018;114:e180450-e180450. DOI: 10.1590/0074-
02760180450.

	27.	 Horwood PF, Duong V, Laurent D, et al. Aetiology 
of acute meningoencephalitis in Cambodian children, 
2010-2013. Emerg Microbes Infect 2017;6(5):e35. 
DOI: 10.1038/emi.2017.15.

	28.	 Acevedo N, Waggoner J, Rodriguez M, et al. Zika 
virus, Chikungunya virus, and dengue virus in 
cerebrospinal fluid from adults with neurological 
Manifestations, Guayaquil, Ecuador. Front Microbiol 
2017;8:42. DOI: 10.3389/fmicb.2017.00042.

	29.	 Chatur C, Balani A, Kumar A, Alwala S, Giragani 
S. “Double doughnut” sign - Could it be a 
diagnostic marker for dengue encephalitis? Neurol 
India 2019;67(5):1360-2. DOI: 10.4103/0028-
3886.271276.

	30.	 Kumar AS, Mehta S, Singh P, Lal V. Dengue 
encephalitis: “Double doughnut” sign. Neurol India 
2017;65(3):670-671. DOI: 10.4103/neuroindia.
NI_723_16.

	31.	 Bhoi SK, Naik S, Kumar S, Phadke RV, Kalita J, 
Misra UK. Cranial imaging findings in dengue virus 
infection. J Neurol Sci 2014;342(1-2):36-41. DOI: 
10.1016/j.jns.2014.04.018.

	32.	 Agarwal JP, Bhattacharyya PC, Das SK, Sharma M, 
Gupta M. Dengue encephalitis. Southeast Asian J 
Trop Med Public Health 2009;40(1):54-5.

	33.	 Witayathawornwong P. Fatal dengue encephalitis. 
Southeast Asian J Trop Med Public Health 
2005;36(1):200-2.

	34.	 Soares CN, Cabral-Castro MJ, Peralta JM, de Freitas 
MR, Zalis M, Puccioni-Sohler M. Review of the 
etiologies of viral meningitis and encephalitis in a 
dengue endemic region. J Neurol Sci. 2011;303(1-
2):75-9. DOI: 10.1016/j.jns.2011.01.012.

	35.	 Verma R, Varatharaj A. Epilepsia partialis 
continua as a manifestation of dengue encephalitis. 
Epilepsy Behav 2011;20(2):395-7. DOI: 10.1016/j.
yebeh.2010.12.003.

	36.	 Soares CN, Faria LC, Peralta JM, de Freitas MR, 
Puccioni-Sohler M. Dengue infection: neurological 
manifestations and cerebrospinal fluid (CSF) analysis. 
J Neurol Sci 2006;249(1):19-24. DOI: 10.1016/j.
jns.2006.05.068.

	37.	 Kumar R, Tripathi S, Tambe JJ, Arora V, Srivastava 
A, Nag VL. Dengue encephalopathy in children in 
Northern India: clinical features and comparison with 
non dengue. J Neurol Sci 2008;269(1-2):41-8. DOI: 
10.1016/j.jns.2007.12.018.

	38.	 Tassara MP, Guilarde AO, Rocha B, Feres VCR, 
Martelli CMT. Neurological manifestations of 
dengue in Central Brazil. Rev Soc Bras Med Trop 
2017;50(3):379-82. DOI: 10.1590/0037-8682-0444-
2016.

	39.	 Hapuarachchi HC, Oh HM, Thein TL, et al. Clinico-
genetic characterisation of an encephalitic Dengue 
virus 4 associated with multi-organ involvement. 
J Clin Virol 2013;57(1):91-4. DOI: 10.1016/j.
jcv.2012.12.021.

	40.	 Oliveira DB, Machado G, Almeida GM, et al. 
Infection of the central nervous system with 

dengue virus 3 genotype I causing neurological 
manifestations in Brazil. Rev Soc Bras Med Trop 
2016;49(1):125-9. DOI: 10.1590/0037-8682-0208-
2015.

	41.	 Tahir M, Gupta E, Salmani S, et al. Dengue fever 
with papilledema: a case of dengue-3 virus infection 
in central nervous system. J Clin Virol 2006;37(1):65-
7. DOI: 10.1016/j.jcv.2006.05.006.

	42.	 Lum LC, Lam SK, Choy YS, George R, Harun 
F. Dengue encephalitis: a true entity? Am J Trop 
Med Hyg 1996;54(3):256-9. DOI: 10.4269/
ajtmh.1996.54.256.

	43.	 Ranasinghe LD, Kulathunga A, Sarathchandra RD, 
Subasinghe ST. A woman with dengue encephalitis. 
Ceylon Med J 2013;58(3):130. DOI: 10.4038/cmj.
v58i3.6108.

	44.	 Weerasinghe WS, Medagama A. Dengue hemorrhagic 
fever presenting as encephalitis: a case report. J Med 
Case Rep 2019;13(1):278. DOI: 10.1186/s13256-019-
2201-x.

	45.	 Kyaw AK, Ngwe Tun MM, et al. Japanese 
encephalitis- and dengue-associated acute encephalitis 
syndrome cases in Myanmar. Am J Trop Med Hyg 
2019;100(3):643-6. DOI: 10.4269/ajtmh.18-0530.

	46.	 Vasanthapuram R, Shahul Hameed SK, Desai A, et 
al. Dengue virus is an under-recognised causative 
agent of acute encephalitis syndrome (AES): Results 
from a four year AES surveillance study of Japanese 
encephalitis in selected states of India. Int J Infect Dis 
2019;84s:S19-S24.DOI: 10.1016/j.ijid.2019.01.008.

	47.	 Le VT, Phan TQ, Do QH, et al. Viral etiology of 
encephalitis in children in southern Vietnam: results of 
a one-year prospective descriptive study. PLoS Negl 
Trop Dis 2010;4(10):e854. DOI: 10.1371/journal.
pntd.0000854.

	48.	 Hommel D, Talarmin A, Deubel V, et al. 
Dengue encephalitis in French Guiana. Res Virol 
1998;149(4):235-8. 

	49.	 Misra UK, Kalita J, Syam UK, Dhole TN. 
Neurological manifestations of dengue virus 
infection. J Neurol Sci 2006;244(1-2):117-22. DOI: 
10.1016/j.jns.2006.01.011.

	50.	 Mathew RP, Basti RS, Hegde P, Devdas JM, Khan HU, 
Bukelo MJ. Rare case of acute dengue encephalitis 
with correlated MRI findings. J Med Imaging Radiat 
Oncol 2014;58(6):679-82. DOI: 10.1111/1754-
9485.12182.

	51.	 Fong CY, Khine MM, Peter AB, Lim WK, Rozalli 
FI, Rahmat K. Mild encephalitis/encephalopathy with 
reversible splenial lesion (MERS) due to dengue 
virus. J Clin Neurosci 2017;36:73-5. DOI: 10.1016/j.
jocn.2016.10.050.

	52.	 Vieira MADCES, Costa CHN, Linhares ADC, et 
al. Potential role of dengue virus, chikungunya 
virus and Zika virus in neurological diseases. Mem 
Inst Oswaldo Cruz 2018;29;113(11):e170538. DOI: 
10.1590/0074-02760170538. 

	53. 	 Kankirawatana P, Chokephaibulkit K, Puthavathana 
P, Yoksan S, Apintanapong S, Pongthapisit V. Dengue 
infection presenting with central nervous system 
manifestation. J Child Neurol 2000;15(8):544-7. 
DOI: 10.1177/088307380001500809. 

	54.  	Puccioni-Sohler M, Soares CN, Papaiz-Alvarenga R, 
Castro MJ, Faria LC, Peralta JM. Neurologic dengue 



Neurology Asia December 2022

928

manifestations associated with intrathecal specific 
immune response. Neurology 2009;73(17):1413-7. 
DOI: 10.1212/WNL.0b013e3181bd8258. 

	55.	 Kularatne SA, Pathirage MM, Gunasena S. A case 
series of dengue fever with altered consciousness 
and electroencephalogram changes in Sri Lanka. 
Trans R Soc Trop Med Hyg 2008;102(10):1053-4. 
DOI: 10.1016/j.trstmh.2008.06.001.

	56.	 Coggon D, Martyn C, Palmer KT, Evanoff B. 
Assessing case definitions in the absence of 
a diagnostic gold standard. Int J Epidemiol 
2005;34(4):949-52. DOI: 10.1093/ije/dyi012.

	57.	 Singh KP, Mishra G, Jain P, et al. Co-positivity of 
anti-dengue virus and anti-Japanese encephalitis 
virus IgM in endemic area: co-infection or cross 
reactivity? Asian Pac J Trop Med 2014;7(2):124-9. 
DOI: 10.1016/S1995-7645(14)60007-9.

	58.	 Srey VH, Sadones H, Ong S, et al. Etiology of 
encephalitis syndrome among hospitalized children 
and adults in Takeo, Cambodia, 1999-2000. Am J 
Trop Med Hyg 2002;66(2):200-7. DOI: 10.4269/
ajtmh.2002.66.200. 

	59.	 Garg RK, Malhotra HS, Gupta A, Kumar N, Jain A. 
Concurrent dengue virus and Japanese encephalitis 
virus infection of the brain: is it co-infection or 
co-detection? Infection 2012;40(5):589-93. DOI: 
10.1007/s15010-012-0284-z.

	60.	 A-Nuegoonpipat A, Panthuyosri N, Anantapreecha 
S, et al. Cross-reactive IgM responses in patients 
with dengue or Japanese encephalitis. J Clin Virol 
2008;42(1):75-7. DOI: 10.1016/j.jcv.2007.10.030.

	61.	 Sivamani K DV, Singh S, Sharma A. Diagnostic 
dilemma-dengue or Japanese encephalitis? Neurol 
India 2017;65(1):105-7.DOI: 10.4103/0028-
3886.198194. 

	62.	 Chen WJ, Hwang KP, Fang AH. Detection of IgM 
antibodies from cerebrospinal fluid and sera of 
dengue fever patients. J Trop Med Public Health 
1991;22(4):659-63.

	63.	 Solomon T, Dung NM, Vaughn DW, et al. 
Neurological manifestations of dengue infection. 
Lancet 2000;355(9209):1053-9. DOI: 10.1016/
S0140-6736(00)02036-5.

	64.	 Wasay M, Channa R, Jumani M, Shabbir G, 
Azeemuddin M, Zafar A. Encephalitis and 
myelitis associated with dengue viral infection 
clinical and neuroimaging features. Clin Neurol 
Neurosurg 2008;110(6):635-40. DOI: 10.1016/j.
clineuro.2008.03.011.

	65.	 Bazir Ahmad S, Lim SY, Rahmat K, et al. Bilateral 
thalamic internal medullary lamina involvement 
in a case of dengue encephalitis. Neurol Asia 
2016;21(4):375-9.

	66.	 Assenza F, Tombini M, Assenza G, et al. Dengue 
encephalitis presenting with nonconvulsive 
status epilepticus: A case report. Clin Neurol 
Neurosurg 2016;150:89-91. DOI: 10.1016/j.
clineuro.2016.08.027.

	67.	 Khoo CS. Dengue cerebellitis: A case report and 
literature review. Am J Case Rep 2018;19:864-7. 
DOI: 10.12659/ajcr.909884.

	68.	 Kutiyal AS, Malik C, Hyanki G. Dengue haemorrhagic 
encephalitis: Rare case report with review of 

literature. J Clin Diagn Res 2017;11(7):Od10-od12.
DOI: 10.7860/jcdr/2017/28814.10243.

	69.	 Nilsson J, Vene S, Mattsson L. Dengue encephalitis 
in a Swedish traveller returning from Thailand. 
Scand J Infect Dis 2005;37(10):776-8. DOI: 
10.1080/00365540410020992.

	70.	 Arachchi JK, Ajanthan R, Lamabadusuriya SP, 
Gunasena S. Dengue encephalitis in a child. Ceylon 
Med J 2003;48(4):144-5. DOI: 10.4038/cmj.
v48i4.3336.

	71.	 Mittal M, Bondre V, Murhekar M, et al. Acute 
encephalitis syndrome in Gorakhpur, Uttar Pradesh, 
2016: Clinical and laboratory findings. Pediatr 
Infect Dis J 2018;37(11):1101-6. DOI: 10.1097/
inf.0000000000002099.

	72.	 Domingues RB, Kuster GW, Onuki-Castro FL, 
Souza VA, Levi JE, Pannuti CS. Involvement of the 
central nervous system in patients with dengue virus 
infection. J Neurol Sci 2008;267(1-2):36-40. DOI: 
10.1016/j.jns.2007.09.040.

	73.	 Sutter R, Kaplan PW, Cervenka MC, et al. 
Electroencephalography for diagnosis and 
prognosis of acute encephalitis. Clin Neurophysiol 
2 0 1 5 ; 1 2 6 ( 8 ) : 1 5 2 4 - 3 1 .  D O I :  1 0 . 1 0 1 6 / j .
clinph.2014.11.006.

	74.	 Kalita J, Misra UK. Neurophysiological changes in 
Japanese encephalitis. Neurol India 2002;50(3):262-
6. 

	75.	 Speers DJ, Flexman J, Blyth CC, et al. Clinical and 
radiological predictors of outcome for Murray Valley 
encephalitis. Am J Trop Med Hyg 2013;88(3):481-9. 
DOI: 10.4269/ajtmh.12-0379.

	76.	 Kalita J, Misra UK, Pandey S, Dhole TN. A 
comparison of clinical and radiological findings 
in adults and children with Japanese encephalitis. 
Arch Neurol 2003;60(12):1760-4. DOI: 10.1001/
archneur.60.12.1760.

	77.	 Handique SK, Das RR, Barman K, et al. Temporal 
lobe involvement in Japanese encephalitis: Problems 
in differential diagnosis. AJNR Am J Neuroradiol 
2006;27(5):1027-31. 

	78.	 Kalita J, Misra UK. Comparison of CT scan and MRI 
findings in the diagnosis of Japanese encephalitis. J 
Neurol Sci 2000;174(1):3-8. DOI: 10.1016/s0022-
510x(99)00318-4.

	79.	 Kienzle N, Boyes L. Murray Valley encephalitis: 
case report and review of neuroradiological 
features. Australasian Radiol 2003;47(1):61-3. DOI: 
10.1046/j.1440-1673.2003.01105.x.

	80.	 Alkadhi H, Kollias SS. MRI in tick-borne encephalitis. 
Neuroradiology 2000;42(10):753-5. (In eng). DOI: 
10.1007/s002340000396.

	81.	 Fu TL, Ong KC, Tan SH, Wong KT. Japanese 
encephalitis virus infects the thalamus early followed 
by sensory-associated cortex and other parts of the 
central and peripheral nervous systems. J Neuropathol 
Exp Neurol 2019;78(12):1160-70. DOI: 10.1093/jnen/
nlz103.

	82.	 Tetsuka S. Reversible lesion in the splenium of the corpus 
callosum. Brain Behav 2019;9(11):e01440-e01440. 
DOI: 10.1002/brb3.1440.

	83.	 Man BL, Fu YP. The first case of mild encephalopathy 
with a reversible splenial lesion due to Japanese 



929

encephalitis virus infection. BMJ Case Rep 
2013;2013:bcr2013200988. DOI: 10.1136/bcr-2013-
200988.

	84.	 Bhoopat L BN, Attasiri C,  Yoksarn S,  Chaiwun 
B,  Khunamornpong S,  Sirisanthana V. 
Immunohistochemical characterization of a 
new monoclonal antibody reactive with dengue 
virus-infected cells in frozen tissue using 
immunoperoxidase technique. Asian Pac J Allergy 
Immunol 1996;14(2):107-113.

	85.	 Thisyakorn U, Thisyakorn C, Limpitikul W, Nisalak 
A. Dengue infection with central nervous system 
manifestations. Southeast Asian J Trop Med Public 
Health 1999;30(3):504-6. 

	86.	 Thisyakorn U, Thisyakorn C. Diseases caused by 
arboviruses--dengue haemorrhagic fever and Japanese 
B encephalitis. Med J Aust 1994;160(1):22-6. 


