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Dengue virus infection and neurological
manifestations: an update
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Dengue virus is a flavivirus transmitted by the mosquitoes, Aedes aegypti and Aedes albopictus. Dengue infection by all
four serotypes (DEN 1 to 4) is endemic globally in regions with tropical and subtropical climates, with an estimated
100-400 million infections annually. Among those hospitalized, the mortality is about 1%. Neurological involvement
has been reported to be about 5%. The spectrum of neurological manifestations spans both the peripheral and central
nervous systems. These manifestations could possibly be categorized into those directly related to dengue infection,
i.e. acute and chronic encephalitis, indirect complications leading to dengue encephalopathy, and post-infectious
syndrome due to immune-mediated reactions, and manifestations with uncertain mechanisms, such as acute trans-
verse myelitis, acute cerebellitis and myositis.

The rising trend in global dengue incidence calls for attention to a more explicit definition of each neurological mani-
festation for more accurate epidemiological data. The actual global burden of dengue infection with neurological
manifestation is essential for future planning and execution of strategies, especially in the development of effective
antivirals and vaccines against the dengue virus.

In this article, we discuss the recent findings of different spectrums of neurological manifestations in dengue infec-
tion and provide an update on antiviral and vaccine development and their challenges.
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Introduction

Dengue virus (DENV), a single-stranded RNA virus (genus Flavivirus,
family Flaviviridae) is transmitted by the mosquitoes, Aedes aegypti
and Aedes albopictus. The four DENV virus serotypes (DEN 1 to 4),
are all capable of causing human infection. Endemic globally,
occurring in regions with tropical and subtropical climates, the an-
nual incidence has increased tremendously over the years to
100 million—400 million infections.® The population at risk are

estimated to increase by up to 4.7 additional billion people by
2070, particularly in urban areas and lowlands in the Western
Pacific and the Eastern Mediterranean regions. Climate change
with the rise of global mean temperature could increase the trans-
mission susceptibility of DENV by increasing the DENV spatial range
and length of transmission seasons, resulting in the expansion of
the DENV epidemic belt to temperate areas, including a northward
shift to central northern Europe and Northern United States.”
While about 80% of infected patients were generally asymptomatic
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Figure 1 Categorization of neurological manifestations associated with DENV infection.

or only experienced mild symptoms, some may progress into more
severe stages. World Health Organization (WHO) categorized DENV
infection into two groups: (i) those with milder manifestations
either with or without warning signs; (ii) and severe DENV. The first
group of symptomatic DENV infection usually manifests with
high-grade fever, headache, myalgia, arthralgia, nausea or non-
persistent vomiting. Warning signs include persistent vomiting,
abdominal pain, mucosal bleeding, lethargy, fluid accumulation,
enlarged liver, and increasing haematocrit trend. The second group
is the severe, life-threatening DENV infection, characterized by
plasma leakage, bleeding and organ impairment (liver, renal or
CNS). Impaired consciousness is one of the neurological symptoms
categorized under severe DENV infection. However, this symptom is
non-specific and could be due to encephalitis or encephalopathy.
Primary DENV infection usually results in milder manifestations,
while secondary infection with another DENV serotype may
increase the risk of severe dengue due to antibody-dependent
enhancement.®*

The reported incidence of neurological involvement associated
with DENV infection is about 5%,>° and spans both the peripheral
nervous system and the CNS. The neurological manifestations
can be categorized into those presumed or proven to be directly re-
lated to DENV infection, indirect complications leading to DENV en-
cephalopathy, post-infectious syndromes and manifestations with
uncertain mechanisms. (Fig. 1) Nonetheless, the neuropathogen-
esis involved in many cases is presumptive and has yet to
be proven. These neurological manifestations and complications
associated with DENV infection are expected to increase in tandem
with the increasing incidence of DENV worldwide. This worrisome
trend calls for attention to a more explicit understanding and def-
inition of each neurological manifestation in dengue infection for
more accurate epidemiological data. Knowing the actual global bur-
den of DENV infection with neurological manifestation is essential
for future planning and execution of strategies especially in the de-
velopment of effective antivirals and vaccines against dengue
virus. In this update, we discuss the recent findings of different

spectrum of neurological manifestations in dengue infection and
update the development of antivirals and vaccines.

The operational or clinical diagnosis of acute DENV encephalitis in
literature was based on the presence of fever, altered sensorium
with evidence of systemic DENV infection, with or without the
demonstration of DENV virus (antigen, RNA or virus particle) in
the CSF or brain tissue. These features served as the backbone for
the definitions and criteria for DENV encephalitis by Soares et al.”
and Carod-Artal et al.,° after the exclusion of other causes of en-
cephalitis and encephalopathy. We applied more stringent criteria
for the diagnosis of acute DENV encephalitis, by accounting for
potential anti-Japanese encephalitis (JE) virus antibody cross-
reactivity with DENV in endemic regions and strictly using CSF
findings as core evidence of encephalitis. We defined definite and
probable DENV encephalitis using criteria shown in Table 1.2
Using these criteria, we found only 42 of 121 publications (34.7%)
in the literature could be considered as either ‘definite’ (30/121,
24.8%) or ‘probable’ (12/121; 9.9%) DENV encephalitis.® Of the 181
cases in these publications, 125 cases (69.1%) were ‘definite’ and
56 (31.0%) were ‘probable’ DENV encephalitis based on our criteria.
In this systemic review and critique, we found that the well-known
serological cross-reactivity between anti-DENV and anti-JE anti-
bodies in serum or CSF was often ignored or overlooked although
these two flaviviruses are endemic in the same geographical distri-
bution in the South East Asia and Western Pacific regions.’ The co-
detection rate for CSF anti-DENV and anti-JE IgM may range from
9.0% to 50.0% in patients with encephalitis.’®** Three possibilities
could account for this finding: serological cross-reactivity, sequen-
tial or coinfection by DENV and JE viruses. This indicates that a clin-
ical diagnosis of DENV encephalitis based on antibody detection
alone is often fraught. Nonetheless, a higher CSF IgM titre for a par-
ticular virus should be considered as the current infection.*"***
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Table 1 Inclusion criteria for definite and probable 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:
NS-1 antigen
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 IgMP 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

JEV = Japanese encephalitis virus.

2Altered sensorium or change in behaviour or mental status.

®In endemic areas for Japanese encephalitis, concurrent CSF/serum anti-JEV IgM
should be tested and titres compared with CSF/serum anti-DENV IgM. The higher
IgM titre obtained should be considered as the infecting virus.

While a strong emphasis was made on the CSF evidence of
DENV and exclusion of concurrent JE, the diagnosis of DENV en-
cephalitis is often hampered by concurrent thrombocytopenia
that may preclude a lumbar puncture or result in blood contamin-
ation, leading to false positive results and inaccurate interpretation
of positive viral NS1 antigen or viral RNA in the CSF. Since IgM does
not cross the blood-brain barrier (BBB), DENV-specific IgM in the
CSF could theoretically indicate CNS infection after JE is ruled out.
Serum IgM in the acute phase and a 4-fold increase of serum IgG
may serve as second-line evidence for recent infection. Clinicians
should be cautious in the interpretation of standalone positive ser-
um or CSF anti-DENV IgM or IgG.

The transition from the peak viraemic phase to the beginning of
IgM seroconversion at about Day 5 of illness when the low level of
viral particles and CSF IgM may escape detection, and resultin false
negative results. This was consistent with the reported cases of
which most positive CSF DENV PCR were taken within 3 to 5 days
from the onset of illness. The sensitivity of real-time PCR assays
range from 71.7% to 95.7% among different commercial kits,"® and
virus isolate rates range from 71.5% to 84% depending on the
DENV serotype.*®

Brain MRIin both DENV and JE may show thalamic fluid attenu-
ation inversion resolution (FLAIR) hyperintense signals with or
without central blooming artefact.®*”-*® Other radiological findings,
such as reversible splenium lesions, cortical and brainstem FLAIR
lesions, are non-specific for DENV encephalitis.®*°

From the pathological perspective, acute DENV encephalitis, as
in other acute viral encephalitides, should be defined by evidence of
typical viral encephalitic changes in the CNS, which includes peri-
vascular cuffing and parenchymal infiltration by inflammatory
cells, oedema and necrosis. Viral isolation and identification from
the CSF or CNS tissues by cell culture and/or PCR, or by demonstra-
tion of virus particles, viral antigens and/or viral genome within
neuroglial or vascular tissues are desirable to confirm viral aeti-
ology.?® Unlike the other flaviviral encephalitides such as JE, West
Nile encephalitis,?* tick-borne encephalitis,?® St. Louis encephal-
itis,*® and Murray Valley encephalitis,?* in which autopsy studies
have adequately proven encephalitis and demonstrated the
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presence of virus mainly in neurons, we think that this has not
been adequately shown in DENV encephalitis. Bhoopat et al.>* re-
ported on three autopsies of DENV shock syndrome that apparently
showed positive immunoperoxidase staining for DENV in the brain
parenchyma and other tissues. Another series of five autopsies was
reported sequentially by Chimelli et al.?® and Miagostovich et al.?’
showed perivascular lymphocytes and demyelination, and oe-
dema. There was no neuronal necrosis. In one patient, DENV virus
antigen by immunohistochemistry was apparently demonstrated
in brain tissues.”” Another case reported by Ramos et al.?® only
found leptomeningeal venous inflammation but no neuronal
death, neuronophagia or activated microglia. Immunostaining for
viral antigens was apparently positive in neuroglial cells and capil-
lary endothelium. In one of the three meningoencephalitis cases at-
tributed to DENV by Jois et al.?° post-mortem revealed focal cerebral
oedema, inflammation, haemorrhage and microinfarcts, without
any attempt to perform immunohistochemistry for viral antigen.
Overall however, we believe that the published illustrations in
these papers are of poor quality and not convincing to confirm viral
localization in neuroglial tissues.?>"?”?° Other authors have similar-
ly opined that current literature on viral localization in the brain to
be conflicting and that the issue of DENV neuroinvasion awaits fur-
ther resolution.®*® We support the call for enhanced global efforts to-
wards more pathological studies to establish acute DENV
encephalitis.

DENV neuroinvasion was investigated in mouse models. The over-
expression of pro-inflammatory cytokines such as interleukin-6,
interleukin-10, tumour necrosis factor-alpha, interferon-gamma,
and MMP-9 in vitro infected microglial cells could lead to the disrup-
tion of the inter-endothelial tight junctions and to allow DENV entry
into the CNS via the BBB.**3® Virus internalization via clathrin-
mediated or non-classical clathrin-independent endocytosis may
also be important. In vitro models of the BBB also showed that the
viruses which replicated in the brain microvascular endothelial cells,
could also induce the downregulation of tight junction proteins and
increase the barrier permeability.®® Despite the growing evidence of
DENV neuropathogenesis in animal models, the exact molecular
event and receptors involved in the virus entry into CNS in humans
are unclear.

In 2019, a unique case of a 45-year-old male who had a 5-year his-
tory of severe, progressive dementia with extrapyramidal features,
was diagnosed with chronic progressive panencephalitis due to
DENV infection.®® The brain MRI showed marked cerebral atro-
phy.?® The brain at autopsy in 2016 confirmed what was found earl-
ier in a 2013 biopsy that showed microglial nodules and
inflammatory cell infiltration composed of predominantly CD8
cells in the meninges and parenchyma. The viral envelope protein
was also found in the cerebral vasculature, neurons and glial cells
throughout the brain, including the hippocampus, basal ganglia
and cerebellum, while viral RNA was detected in the hippocampus,
basal ganglia, and cerebellum. It is of note that the demonstration
of DENV in CNS was challenging as the RNA was only detected in
the brain tissue but not in CSF. The virus identified strongly sug-
gested DENV-1, genotype V. Interestingly, the patient had travelled
repeatedly to regions endemic for DENV, but he had no previous
history of acute encephalitis.®*® An outbreak of DENV-1 genotype
V occurred in India in 2008, consistent with the onset of the pa-
tient’s symptoms in 2009.**® DENV persistence in this patient,
was not due to immunodeficiency, since there was a robust
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immune response with high-titre of neutralizing antibodies and
T-cell responses in the tissues found to harbour the virus. Whole
exome sequencing did not reveal any reported or potentially patho-
genic mutations in genes known to be associated with primary
immunodeficiency. West Nile virus®**° and Zika virus*! are both
flaviviruses known to persist in human tissues. Herpes simplex
virus,*? herpes zoster virus, cytomegalovirus** and henipavirus**
can persist in the CNS to manifest as relapsing CNS diseases.

Encephalopathy refers to a clinical state of altered mental status
presenting with either confusion, behavioural changes or other
cognitive impairments, with or without brain tissue inflamma-
tion.?® The terms ‘encephalitis’ and ‘encephalopathy’ are two clin-
ically similar but pathologically distinct conditions. In the context
of DENV infection, encephalopathy could be a result of metabolic
derangements secondary to liver or renal failure, hyponatraemia
or metabolic acidosis, cerebral hypoperfusion in hypovolaemic
shock, intracranial haemorrhage or disseminated intravascular
coagulopathy. Many of these complications have long been thought
to be caused by antibody-dependent enhancement of DENV infec-
tion of macrophages leading to a cytokine storm and DENV vascular
permeability syndrome.®>* This phenomenon is mainly caused by
sub-neutralizing antibodies arising from a previous primary infec-
tion by one DENV serotype enhancing a subsequent infection by
DENV of a different serotype.

Similar to other flaviviruses such as the JE virus, Zika virus, West
Nile virus and St. Louis encephalitis virus, DENV is associated
with post-infection Guillain-Barré syndrome (GBS).*> The reported
duration from onset of DENV infection to GBS ranges from 5 to 15
days.*® In a large series of DENV-associated GBS, Tan et al.*” found
that 20% of the 97 patients with GBS had recent DENV infection
as evidenced by the positive serum DENV IgM. These patients
were more likely to have diarrhoea, facial palsies, and more severe
disease with lower Medical Research Council (MRC) sum score,
higher GBS disability scale at nadir and requirement for ventila-
tion.*” Acute inflammatory demyelinating polyneuropathies were
the most common electrodiagnostic feature in these GBS pa-
tients,* although Fragoso et al.*® found acute motor and sensory
axonal neuropathy in all the 10 patients in their study. The mech-
anism of DENV-associated GBS is most likely to be similar to other
GBS in which the molecular mimicry between the GBS-related hu-
man proteins and polyprotein of the virus.*® The treatment was the
same as other GBS with no difference in prognosis among patients
with recent DENV infection. Opsoclonus myoclonus ataxia syn-
drome (OMAS), is a rare neurological disorder, characterized by ir-
regular multidirectional chaotic eye movements (opsoclonus),
myoclonus, cerebellar ataxia and cognitive impairment. DENV
virus was one of the infectious agents reported to be associated
with OMAS in adults.**"** This manifestation has a benign course
and usually resolves spontaneously without immunotherapy.
Acute demyelinating encephalomyelitis (ADEM) is a rare neuro-
logical disorder which could occur in 0.4% of DENV-infected pa-
tients.>? A meta-analysis by Kamel et al.>? and recent case reports
showed that the onset of neurological symptoms of
DENV-associated ADEM ranges from 3 to 19 days (median of 7
days).>>>> Most of them had fever on the ADEM onset and the ma-
jority of the cases had serologically-confirmed DENV status by
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serum IgM followed by IgG.>? Some cases also had concurrent posi-
tive serum NS-1 antigen at the onset of neurological symptoms.>>>°
The diagnosis of ADEM was made from the brain MRI in these pa-
tients which often shows bilateral or diffuse demyelination in cen-
trum semiovale, corona radiata, cerebellar peduncles, subcortical
grey matter, cervico-medullary junction and thoracic spinal
cord.>*"¢

The prediction models by Kamel et al.>” also found that earlier
onset days of neurological manifestations (<9.5 days) and higher fe-
ver when presenting ADEM (>38.4°C) were associated with worse
outcomes and partial recovery.

However, given the shortlatency (i.e. median of 7 days) between
DENV infection and ADEM-like symptoms, the differentiation be-
tween encephalopathy, acute DENV encephalitis and ADEM could
be challenging. This is especially true for cases with concurrent
positive serum NS-1 antigen which suggest an early viraemic
phase. In addition, the MRI brain findings of ADEM maybe non-
specific. Therefore, we speculate that the few cases of ADEM re-
ported in the literature may in fact represent part of the clinical
manifestation of acute encephalitis.

Cranial neuropathies are rare manifestations of acute DENV in-
fection. There are only a few case reports of isolated oculomotor
nerve palsy in the context of DENV encephalitis and rhombence-
phalitis.>”*® Cranial neuropathies are more commonly reported
as immune-mediated post-infection complications such as optic
neuritis, oculomotor nerve palsy, abducens nerve palsy, and unilat-
eral or bilateral lower motor neuron motor facial nerve palsy.>®*
The evidence of nerve enhancement on brain MRI was only re-
ported by Bhate et al.?" in a case of isolated oculomotor nerve palsy
after a DENV infection. A combination of cranial nerve palsies sec-
ondary to brainstem stroke (oculomotor and facial nerve palsies) or
in the form of mononeuritis multiplex (abducens and common
peroneal nerve palsies) have also been reported.®*¢*

1.52

Badat et al.°® reviewed a total of 25 publications with
DENV-associated transverse myelitis and found that this manifest-
ation occurs at the mean age of 33 years, and at 11.7 days after the
onset of acute symptoms.® The pathogenetic mechanisms for this
uncommon neurological complication are uncertain but specu-
lated to include direct viral invasion of the cord,®” which would ac-
count for the cases that occur during the febrile phase with DENV
IgM or antigen detected in the CSF. A post-infectious immune re-
sponse may account for cases with later onset.®® Steroids were
the commonest treatment given to DENV-associated transverse
myelitis; however, only 50.8% of patients achieved full recovery.®®

DENV-associated cerebellitis has been rarely reported in the lit-
erature. In a systematic review in 2019, there were only eight case
reports/series on DENV-associated cerebellar syndrome.® The ma-
jority of cases presented with cerebellar ataxia during the febrile
phase of DENV infection,”®”® some in the context of DENV enceph-
alitis with detectable DENV virus via PCR.”> However, only eight pa-
tients in the series by Hegde et al.”? and one patient by Weeratunga
et al.”® reported brain MRI FLAIR and T2 hyperintense signals in the
vermis, or bilateral cerebellar hemispheres, microhaemorrhages
within the parenchymal lesions, with and without the involvement
in the thalamus, basal ganglia, brainstem and spinal cord. The
pathogenetic mechanisms for this DENV-associated cerebellar syn-
drome remain unclear. Post-infection immune-mediated response
may be another possible mechanism.
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Myositis associated with DENV infection could range from sub-
clinical elevation of creatinine phosphokinase (CK), self-limiting
myalgia and weakness, and rhabdomyolysis, to life-threatening se-
vere fulminant myositis resulting in severe quadriparesis and re-
spiratory failure.”*’® DENV-associated myositis commonly occurs
during the febrile phase in young male patients between 25 and
33 years of age with serum CK elevated to between 500 and
100000 IU/l. EMG usually showed polyphasic and normal-to-short
duration motor unit potentials without spontaneous activities.”®
Although Warke et al.”” have shown that DENV is capable of infecting
human muscle satellite cells in vitro, the study also found that in-
fected cells are unable to upregulate MHC-1 expression, thus facilitat-
ing possible immune evasion by the virus. Muscle biopsies in the
reported series to date only revealed interstitial haemorrhage, in-
flammatory infiltrates, occasional myonecrosis and myophagocyto-
sis, without demonstration of viral particles in the muscles.”*7®
This suggests that myositis is likely to be related to cytokine-
mediated inflammatory reactions. Fortunately, most cases were self-
limitingand achieved complete recovery without corticosteroids.”®”®

Solomon etal.”® reported from an infectious disease referral hospital

in Ho ChiMinh City, Vietnam, 378 patients with acute febrile CNSin-
fection,”® of which 16 (4.2%) were infected by DENV, compared with
four (1.4%) of 286 hospital controls. The diagnosis was mainly based
on serology, but 10 patients had DENV isolated or detected by PCR,
and three had DENV antibodies in CSF. This accounted for 1% of
the 1675 patients admitted with suspected DENV infection. There
were more patients with neurological manifestations of dengue fe-
ver than dengue haemorrhagic fever grade IV. Of the 21 patients de-
scribed in detail (16 patients from the 1-year study and an additional
five patients in subsequent years), 12 patients did not experience
characteristic features of DENV on admission. Of the presenting
symptoms listed, only six (29%) had petechiae. Coma and convul-
sions were the most common manifestations.

Tan et al.*’ reported 95 patients with GBS presenting to the
University Malaya Medical Centre, Kuala Lumpur, Malaysia between
2010 and 2018. The sera of these patients taken at a mean of 16.5
days after the onset of infective illness were examined for DENV
IgM. This was compared to 68 controls. Of the 95 patients with
GBS, 70 (73.7%) had antecedent infectious symptoms. DENV IgM
antibodies were positive in 19 (20%) patients with GBS compared
with five (7.4%) control (P = 0.034). Based on the clinical characteris-
tics listed in the report, of the 19 DENV-associated GBS patients, 10
(53%) had fever, five (26%) had cough, four (21%) had diarrhoea
(none with anti-Campylobacter jejuni antibodies); one (5.2%) had
headache; and four (21%) did not have any infectious symptoms.

Taken together, neurological diseases may develop in associ-
ation with DENV infection, even in the absence of systemic DENV
symptoms. It has been estimated that three-quarters of the DENV
virus infection is asymptomatic. It is thus possible that asymptom-
atic patients, or those with mild symptoms may also develop
DENV-associated neurological diseases.

There are no specific treatments for DENV infection or severe DENV to
date. Judicious fluid management, blood product transfusion when
needed and management of metabolic complications remained the
mainstay of management.’ The rising global disease burden warrants
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the development of an effective antiviral. The approaches used in
DENV antiviral development were mainly (i) inhibition of the target
host attachment factors or cell receptors (host-directed antivirals,
HDA); and (ii) inhibition of specific viral components (direct-acting
antivirals, DAA), targeting the structural and non-structural pro-
teins.2%#* To date, there have been 93 studies on HDA against
DENV.528% Among the few HDAs [chloroquine, lovastatin, prednisol-
one, celgosivir and imunosugar UV-4 hydrochloride (UV-4B)] that
underwent clinical trials, celgosivir and UV-4B were shown to be
safe and well tolerated in phase 1 studies.®*® However, the efficacy
of celgosivir in viraemia reduction is insignificant,®* and the follow
up study on UV-4B in healthy subjects was terminated.® A total of
78 studies on DAA acting on DENV structural protein, E and C proteins;
and non-structural (NS) protein NS4A, and NS4B; NS2B/NS3 protease,
NS5 RNA-dependent RNA polymerase (RARP), and NS5 methyltrans-
ferase (MTase) published to date.®>#”#8 NS3 and NS5 have been the
main targets for the development of DENV antivirals due to their en-
zymatic and biological function in the viral replication process.®® Until
2023, balapiravir (RARP inhibitor) was the only DAA studied in clinical
trials. Similar to the outcome in HDA studies, balapiravir did not show
effective viraemia reduction, cytokine profile and fever duration im-
provement. Recently, a new pan-serotype NS3-NS4B inhibitor
(INJ-1802) was found to be safe and well tolerated in a phase 1 clinical
trial®®®° and is currently undergoing a phase 2 trial to determine its ef-
ficacy in humans.®*

Various murine models (e.g. AG 129, C57BL/6, and BALB/c mice)
were used to examine the antiviral efficacy in vivo as defined by the
reduction of peak viraemia.’”*® One of the challenges faced in
the development of an antiviral was the difficulty in reproducing
the clinical manifestation of severe DENV infection in murine mod-
els.”* Nonetheless, using AG129 murine models, a few studies
adopted changes to enhance the antiviral efficacy, e.g. celgosivir
was found to show improved viraemia reduction effect after adjust-
ment of the treatment regime from two to four times a day.”
Cocktail regimens such as UV-4B and riboflavin,’® and four types
of bioflavonoids®” have also been studied and showed positive re-
sults in their antiviral potential.

The various platforms and approaches for vaccine development
and production include using live-attenuated, inactivated adju-
vanted DNA and recombinant subunit vaccines. The primary aim
is to elicit neutralizing antibodies against all four DENV serotypes
to avoid the possibility of producing non-protective, cross-reactive,
sub-neutralizing antibodies to any serotype or serotypes that might
lead to antibody-dependent enhancement by a subsequent DENV
infection.®%%%%°

There are several DENV vaccines in various stages of development
and clinical trials.’® The earliest vaccine, Dengvaxia® by Sanofi
Pasteur, and Qdenga (TAK-003)® by Takeda Pharmaceuticals are the
two currently licenced DENV vaccines.'®'°® A comparison of the
two vaccines is shown in Table 2. One of the main disadvantages of
Dengvaxia® is that it is only available for previously infected indivi-
duals as it poses a significant risk of severe infection in seronegative
individuals.’®® On the other hand, although Qdenga® is available for
both seropositive and negative individuals, the overall efficacy de-
creased significantly to 44.7% in the third year, suggesting a need for
booster doses.’® Following these two vaccines, there is another vac-
cine, Butantan-DV, an analogue to the United States National
Institute of Health (NIH) TV-003, which is currently in phase III trial
by the Butantan Institution in Brazil, NIH, and Merck
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Table 2 Currently licenced dengue vaccines (up to August 2023)

BRAIN 2024: 147; 830-838 | 835

QDENGA®

DENGVAXIA®
Compound Tetravalent live-attenuated vaccine
CYD-TDV (chimeric yellow fever virus—-DENV-
tetravalent dengue vaccine)
Uses the yellow fever YF17D vaccine strain as the
backbone
Pharmaceutical Sanofi Pasteur, France
companies

Approval status Mexico, Philippines, and Brazil in 2015

El Salvador, Costa Rica, Paraguay, Guatemala, Peru,

Indonesia, Thailand and Singapore in 2016
European Commission in 2018
US Food and Drug Administration in 2019

Countries More than 20 countries in Asia, USA and Latin
America

Eligible individuals Children and adolescents 9-16 years of age with
laboratory-confirmed previous DENV infection®

Regime Two doses (6-monthly)

Serotype protection
Efficacy data (general)

Tetravalent (DEN 1-4)

Overall efficacy against VCD®: 82%
Against hospitalization: 79%
Against severe dengue: 84%

Efficacy data DEN1-2:67%
(serotype-based) DEN-3: 80%
DEN-4 89%

Tetravalent live-attenuated vaccine

Recombinant chimeric attenuated vaccine with DEN-1, DEN-3, and
DEN-4 components on DEN-2 non-structural protein as the
backbone

Takeda Pharmaceuticals, Japan

European Commission in 2022
Indonesia regulatory board in 2022

European Union

Indonesia

European Union: More than 4 years old

Indonesia: 6 to 45 years of age

Three doses (3-monthly)

Tetravalent (DEN 1-4)

Overall efficacy against VCD:80.2%

Against hospitalization: 90.4%

Seronegative individuals at baseline: 74.9%

Seropositive individuals at baseline: 82.2%

Efficacy against VCD during the third year declined to 44.7%
Efficacy against hospitalized VCD was sustained at 70.8%
DEN-1:73.7%

DEN-2:97.7%

DEN-3: 62.6%

DEN-4: Inconclusive

Risk of severe infection in seronegative individuals.
bVirologically-confirmed dengue.

Pharmaceuticals (MSD).'® The available efficacy data at 2 years
showed that the overall efficacy against DEN-1 was 89.5%, and
DEN-2 was 69.6%, with higher efficacy among the seropositive com-
pared to seronegative individuals.’®

The primary aim in DENV vaccine development is to elicit neu-
tralizing antibodies against all 4 DENV serotypes to avoid the possi-
bility of producing non-protective, cross-reactive, sub-neutralising
antibodies to any serotype or serotypes that mightlead to antibody-
dependent enhancement by a subsequent DENV infection.?>%%° In
addition, the ideal vaccine should offer protection against all sero-
types and phenotypes ranging from mild to severe, for all age
groups, regardless of their DENV immunity status. However, des-
pite high neutralizing antibody titre to all serotypes in phase III
trials, it seems that Dengvaxia® has greater protection against
DEN-4 and Qdenga® against DEN-2,%0%1¢7

This current update indicates a great need to scrutinize the current
definition of DENV encephalitis and other neurological manifesta-
tions. The current evidence and understanding of encephalitis
rely mainly on the presence of viral particles, RNA or envelope pro-
teins in the CSF or brain tissues in biopsy samples. However, more
solid evidence is needed to prove true DENV acute encephalitis.
Further studies are also needed to allow a greater understanding
of the underlying mechanism of transverse myelitis, OMAS, myo-
sitis and cranial neuropathies. There is a need to be open to the pos-
sibility of dengue aetiology in patients with neurological disorders,
even when there is no typical symptoms of DENV infection.

At the same time, while the development of DENV antiviral and
vaccines is challenging and existing vaccines may not provide the
ideal equal protection of all serotypes in all individuals. There are
still unanswered questions on the degree of protection the current
existing vaccines and antiviral could offer. Nevertheless, the cur-
rent licensed vaccines should contribute significantly to reducing
the global burden of DENV infection and its complications.
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