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Abstract Dengue, a mosquito-borne flavivirus and fastest
growing tropical disease in the world, has experienced an
explosion of neurologic case reports and series in recent years.
Now dengue is a frequent or leading cause of encephalitis in
some endemic regions, is estimated to infect one in six tourists
returning from the tropics, and has been proven to have local
transmission within the continental USA. High documenta-
tion of neurologic disease in recent years reflects increases
in overall cases, enhanced clinical awareness and advances
in diagnostics. Neurological aspects of dengue virus, along
with epidemiology, treatment, and vaccine progress, are
presented.
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Introduction

Encephalitis is a reportable disease in many countries and
jurisdictions. Its medical presentation is sufficiently severe to
be a good marker for emergence of a new pathogen in a new

geographic area. Examples such as West Nile, polio and other
enteroviruses, LaCrosse, Japanese encephalitis, equine en-
cephalitis viruses, are familiar. Several years ago, dengue
would not have been considered in the same way, as a sentinel
encephalitis virus. However, dengue encephalitis is now ac-
cepted as a clinical entity. Dengue is recognized as a frequent
or leading cause of encephalitis in endemic regions [1, 2••, 3••,
4, 5], and dengue encephalitis may be the primary manifesta-
tion of infection [6].

Previous WHO guidelines for classification of symptomat-
ic dengue infections such as dengue fever, dengue hemorrhag-
ic fever (DHF), and dengue shock syndrome (DSS) have been
used for several decades and has supported decision-making
for the management of dengue [7, 8]. This classification is
very specific but the sensitivity has been considered to be
low. As such, now they have been revised to include severe
organ manifestations, to capture severe cases that need ICU
treatment, and severe organ manifestations now include the
CNS. The new dengue case classification, modified by WHO
in 2009, classifies the disease as dengue without warning
signs, dengue with warning signs, and severe dengue, with
one definition for severe dengue as involvement of the CNS
with impaired consciousness [9]. Specific neurologic compli-
cations are not well described in the 2009 guidelines, although
to date there have been more than 200 published reports, case
series, and studies of neurological, neuromuscular, and neuro-
ophthalmologic complications of dengue. The high sensitivity
and low specificity of the 2009 guidelines is being addressed
by newer comprehensive guidelines for prevention and con-
trol of dengue and dengue hemorrhagic fever, such as the
revised and expanded edition implemented by SEARO
WHO Regional Office in 2011.

The number and variety of dengue-associated neurologic
syndromes in what was historically not an encephalitic virus is
interesting and will prove important for advancing our
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knowledge of viral causes and contributions to CNS disease.
For example, a syndromic approach to viral pathogenesis,
with full characterization of patients, risk factors, and virus,
has the potential to advance our understanding of fundamental
medical virology: who gets sick and who does not. Moreover,
better comprehension of all aspects of the disease is an urgent
need, given that an estimated 390 million persons worldwide
are infected annually with dengue [10•], there is no licensed
prophylactic vaccine and no specific antiviral drugs.

General/Clinical

Dengue fever, a syndrome of febrile myalgias, arthralgias,
frontal and retroorbital headache, abdominal pain, nausea,
vomiting, rash, results from infection with one or four closely
related dengue virus serotypes (DENV1-4) that circulate
simultaneously in endemic areas. Dengue viruses are
single-stranded RNA viruses of the Flaviviridae family.
Transmission is by the day-feeding African mosquito
Stegomyia (formerly Aedes) aegypti and the Asian Tiger mos-
quito Stegomyia (formerly Aedes) albopictus [11]. More than
one third of the world’s population, or 4 billion people are at
risk for infection, and there are an estimated 390 million in-
fections and nearly 100 million people with symptomatic den-
gue each year [10•]. Increasing globalization, rapid human
movement, and unplanned urbanization coupled by the in-
crease in the geographic area that the St. aegypti mosquito
vector inhabits have supported the spread of dengue virus
infection to nearly every corner of the world, almost all trop-
ical and subtropical countries. The highest incidences of den-
gue are in Asia, Central and South America, and sub-Saharan
Africa.

St. aegypti, the more efficient vector for DENV, is present
in limited areas of the southern USA while St. albopictus is
more widely distributed. In the USA, since 2001, three
autochthonous dengue fever outbreaks have occurred:
Hawaii (2001), Brownsville, Texas (2005), and South
Florida (2009–2011). Twenty-six dengue cases were acquired
in Key West, Florida, in 2009 and 63 cases in 2010.
Transmission was confirmed by detection of DENV1 in local
mosquitoes and Aedes aegypti mosquito pools [12•, 13, 14].
In 2012, as of December 11, 2012, there had been 3937 locally
acquired dengue fever cases in the USA: four in Florida and
3933 in Puerto Rico, where dengue is considered endemic
(source, CDC). Retrospective laboratory testing of hospital-
ized meningitis and encephalitis patients raised the possibility
of an additional dengue outbreak in Houston in 2003 [15, 16].
Today, one in six tourists returning from the tropics are esti-
mated to be infected with dengue. Incubation period is 3 to
14 days.

Severe dengue is most consistently in the late acute or
early convalescent phase of secondary dengue infections and

severe complications are associated with high DENV titers.
Dengue hemorrhagic fever in Asia is generally a disease of
childhood. In infants, the disease is associated with primary
infection and the presence of maternal antibody from a dif-
ferent strain. Most cases in older children are due to second-
ary or a sequence of multiple serotype infections [17, 18].
However, there is some evidence that the incidence of severe
dengue disease may be occurring at similar rates between
primary and secondary dengue virus infection in the adult
population [19], and in non-endemic regions (Taiwan), that
naïve adult populations are the most likely to develop severe
dengue [20].

DHF is defined by the presence of fever, hemorrhagic
features, thrombocytopenia, and evidence of plasma leak-
age. DSS has increased vascular permeability, plasma
leakage, circulatory failure, hypotension, and shock.
Factors associated with DSS are the following: bleeding
signs, plasma leakage signs, thrombocytopenia, coagulop-
athy, hepatic disease, digestive factors, female gender,
malnut r i t ion , and increased age of chi ld [21] .
Encephalopathy is strongly associated with DSS, due to
shock, electrolyte imbalance, liver failure, systemic in-
flammation, and/or direct organ invasion. Although CNS
involvement in this setting would be thought an encepha-
lopathy secondary to capillary leakage, reports show in-
creasing prevalence of dengue encephalitis in dengue-
prone regions [22]. A recent study of fatal dengue cases
demonstrated DENV in 48.8 % of CSF analyzed by RT-
PCR, NS1Ag, or IgM detection [2••]. Mechanisms of
CNS injury and direct viral effect are incompletely under-
stood, due in part to dynamic aspects of disease (rapid
changes in quantifiable pathophysiological parameters)
and in part to the differences in behavior between sero-
types. For example, viral load in DF and DHF is signifi-
cantly different (Fig. 1a), and days of sample collection
appear critical in the measurement of serum viral load
(Fig. 1b). While each individual dengue viral serotype
can induce both DF and DHF, viral load is similar in
infections caused by serotypes 1, 2 and 3, with higher
viral load observed in DENV1, DENV2, and DENV3,
compared with that of DENV4 (Fig. 1c). Only the viral
load of DENV2 reveals a significant difference between
DF and DHF (Fig. 1d). The observation raises the ques-
tion whether DENV2’s association with increased viral
load in severe disease contributes to encephalitis more
often than other serotypes.

Neurological Dengue

Neurologic manifestations of DENV infection have been re-
corded in 0.5–20 % of patients admitted to hospitals with clas-
sic dengue and 4–47 % of patients admitted with encephalitis-
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like illness in endemic areas [3••]. Dengue infection results
in a wide spectrum of neurologic involvement, from tran-
sient muscle dysfunction to encephalitis, overlapping syn-
dromes, and everything in between. The multitude of syn-
dromes reflects one or more of the following pathogenic
factors: metabolic disturbances, autoimmune or exaggerated
immune reactions, direct viral invasion. The patterns com-
pel expanding investigations into their development and
treatment.

The list of CNS and ocular diagnoses reported with den-
gue, as pure dengue fever or dengue hemorrhagic fever in-
cludes meningitis, meningoencephalitis, bitemporal encepha-
litis, thalamic lesions, cerebellitis, opsoclonus-myoclonus, en-
cephalopathy, subdural hematoma, ischemic or hemorrhagic
stroke, intracranial hemorrhage, cerebral vasculitis, myelitis,
acute disseminated encephalomyelitis, retinochoroiditis, and
retinal vasculopathy. Encephalopathy includes depressed sen-
sitivity, cognitive disorders, convulsions, mood, personality
and behavior disorders, as acute mania, emotional lability,

depression, anxiety, psychosis, or agoraphobia [23–25].
EEGs can show burst suppression, focal patterns, seizures,
or epilepsia partialis continua [26–29].

Associated peripheral syndromes are the following:
Guillain-Barre, acute motor sensory axonal neuropathy,
mononeuritis multiplex, brachial plexitis, hypokalemic
quadriparesis or plegia, diaphragmatic paralysis, and myositis
[30–35]. Myositis can be severe with intense myalgia, elevat-
ed CPK, and early respiratory involvement. Development of
hypokalemic paralysis may be a function of potassium loss
due to renal tubular acidosis or dysfunction, and/or intracellu-
lar shift of potassium from release of catecholamines and in-
sulin accompanying a stress response [30].

Convalescent or post-dengue immune-mediated syn-
dromes include the following: ADEM, transverse myelitis,
neuromyelitis optica, cranial neuropathies and Miller-Fisher
variant GBS, and arteritis [3••, 36••].

Predictors of CNS involvement are higher mean body tem-
perature, elevated hematocrit, low platelet count, and liver

Fig. 1 Dengue viral load in
patients. a Significantly higher
viral load was generally observed
in specimens collected from DHF
patients compared to that of DF,
when first hospitalized, regardless
of the day of fever or illness. b
However, viral load measures
depended on day of fever. Time
course study showed that dengue
viral load in DHF patients was
significantly higher than that of
DF in the first 2 days of fever,
without differences on day 3, and
lower on day 4. c When grouped
by serotype, there were no
observable differences or relation
between viral load and disease
severity within the group. d Only
DENV2 serotype demonstrated a
consistent difference in DHF and
DF in viral load, while other
serotypes did not show a
difference in viral load of DF and
DHF
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dysfunction, and predictors of PNS involvement are higher
mean body temperature, rash, and elevated hematocrit [37].
High APTT, serum IgM, and IgG antibodies also occur in
dengue encephalitis.

Neuroimaging

Dengue encephalitis may appear normal or abnormal on MRI
[38, 39]. Neuroimaging features of patients with dengue are
variable, involving gray and/or white matter, and include sig-
nal changes in the thalamus, basal ganglia, hippocampus, in-
ternal capsule, and subcortical white matter. Cerebral edema is
the most commonly reported, and foci of hemorrhage are pos-
sibly more frequent than for other encephalitides. Nonspecific
imaging changes have not been correlated with particular he-
matologic or biochemical findings or specific outcomes [40].

Of note are clinical and MRI overlap with other encepha-
litides, such as bitemporal lesions with HSV-1 encephalitis
[41, 42] and deep gray or thalamic abnormalities seen in other
flaviviruses. No pathognomonic imaging features have been
designated, but presumed unique MRI findings of bilateral
subcortical, thalamic, brainstem, and cerebellar involvement,
together with T1 post-contrast Brim-enhancing^ lesions of
brainstem despite normal CSF have been reported [43].

Diagnosis

Diagnosis of acute dengue is by detection of viral antigens,
viral RNA, or dengue-specific antibodies in the blood [as im-
munoglobulin M IgM capture enzyme-linked immunosorbent
assay (MAC-ELISA) and indirect immunoglobulin G ELIS
A]. Limitations of the serology tests are cross-reactivity with
other flaviviruses, so that a comprehensive pool of antigens is
needed, and that dengue antibodies are best detected starting at
5 days into illness. Thus, testing of acute samples for flavivi-
rus IgM can have suboptimal sensitivity and specificity if
performed early. Methods for IgM detection 5 to 30–60 days
after symptom onset are estimated to have 92 % sensitivity
and 99% sensitivity [36••]. In some cases, IgM is not detected
in secondary infection. Commercial methods for NS1 antigen
detection in serum have an estimated 52–66 % sensitivity and
90–100 % specificity [36••]. An immunochromagraphic com-
mercial kit for simultaneous detection of IgG, IgM, and NS1
antigen has been developed.

Diagnosis of CNS disease is by demonstration of DENV
IgM or viral RNA in CSF, dengue NS1 antigen in CSF, or
virus isolation fromCSF and exclusion of other causes of viral
encephalitis and encephalopathy. Nucleic acid tests as RT-
PCR from CSF are estimated to have 93–100 % sensitivity,
depending on the serotype and need to be performed during
viremia. Early in the course of infection, CSF nucleic acid

tests can be positive before IgM and IgG become detectable
[36••].

A proportion of cases of dengue with CNS involvement
have no CSF pleocytosis and no other organ or systemic com-
plications, such as severe hepatic disease, rendering difficul-
ties classifying these as encephalitis or encephalopathy.
Antibody syndromes or metabolic disorders and challenges
not screened by routine lab panels may fill in some of the gaps
in their categorization.

Metabolism Hypotheses

The kynurenine pathway of tryptophan metabolism, induced
by inflammation and stress, is a biochemical pathway linked
to inflammatory disorders, cancers, and treatment-resistant
depression. The fate of tryptophan is in the comparative activ-
ities of enzymes indoleamine 2,3-dioxygenase (IDO)/trypto-
phan 2,3-dioxygenase (TDO) to produce kyurenine and tryp-
tophan hydroxylase (TPH) to produce serotonin (Fig. 2). An
estimated 5–10 % of tryptophan is shuttled through the TPH/
5-HT pathway. Although the pathway has remained relatively
underrecognized in its implications for systemic and brain
disease, dengue patients have been shown to have increased
IDO activity, reduced L-tryptophan, increased L-kynurenine in
serum during the febrile phase [44].

High kynurenine (KYN) and low 5-HT potentially have a
role in pathogenic features of systemic dengue. KYN has been
identified as an endothelium-derived relaxing factor directly
contributing to hypotension in human sepsis [45, 46] and
kynurenine metabolism and metabolites downregulate the im-
mune response [47, 48].

In the brain, KYN and its metabolites can directly and
indirectly influence function, giving clinical significance to
the accumulation of neuroactive tryptophan metabolites [49].
KYN is able to cross the blood-brain barrier [50]. Elevated

L-Tryptophan  Serotonin
(IDO/TDO)

N-Formylkynurenine

L-Kynurenine Kynurinic Acid

Quinolinic Acid Nicotinic Acid NAD
Fig. 2 Tryptophan metabolism. Tryptophan is shuttled through
kynurenine or serotonin (5HT) pathways of metabolism, with
kynurenine pathway metabolism (as KYN to quinolinic acid)
contributing to de novo synthesis of NAD+. KYN kynurenine, QA
quinolinic acid, KA kynurenic acid (based on 66)
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peripheral KYN, in turn, increasing CSF KYN and its metab-
olites quinolinic acid (QA) and kynurenic acid (KA) [51]
would bind to NMDA receptor sites with agonist and antago-
nist activity, respectively [52]. QA is well-known as an
excitotoxic NMDA receptor agonist, involved in a number
of neurodegenerative and convulsive disorders [53]. KA, an
NMDA receptor antagonist, could protect against excitotoxins
[54]. However, KA also antagonizes the NMDA receptors
involved in cognitive functions and has the potential to cause
cognitive deterioration [55].

Beyond toxic metabolite production and serotonin biosyn-
thesis, changes in L-tryptophan metabolism also would have
consequences for the biosynthesis of NAD+ (nicotinamide
adenine dinucleotide) (Fig. 2). KYN pathway dysregulation
favoring KA and ultimately lowering of NAD+ production
may be a mechanism of virus-induced fatigue, depression, or
cognitive slowing. In mammals, nicotinic acid, of nutritional
origin, is a precursor of NAD+, and niacin is the 1–3 substitut-
ed form. Cognitive and depressive symptoms could signify a
pellagra-type syndrome of niacin deficiency and provide a
specific example of how better nutritional status associates
with better outcomes.

CNS Pathogenesis

The pathogenesis of dengue neurologic disorders and under-
lying virus and host vulnerability factors are incompletely
understood. Monocytes are one of the principal cell types
infected by dengue, as monocyte lineage cells are major

targets for dengue [56]. Mechanisms of CNS viral entry may
be passive transfer through CNS hemorrhage, plasma leakage,
or blood-brain barrier injury and infiltration of infected mono-
cytes/macrophages. Specific agents of barrier injury are auto-
or self-reacting antibodies, inflammatory cytokines (particu-
larly TNF-alpha and IFN-gamma), histamine release, nitric
oxide, apoptotic processes, and complement reactions [57].

The possibility of active CNS virus invasion is sup-
ported by detection of viral RNA or antigen in CSF or
brain tissue when serum is negative for virus, associated
CSF pleocytosis, parenchymal inflammatory cell infiltrates,
and intrathecal synthesis of dengue-specific antibodies
[2••, 58].

Besides monocytes and macrophages, DENV has been
shown to interact with various other cell types, including den-
dritic cells, hepatocytes, and endothelial cells [59]. Previous
studies have suggested DENV enters target cells after
the viral envelope protein E attaches to a cell receptor.
Multiple cell surface molecules involved in DENV bind-
ing and infection in different target cells include GRP
(glucose regulated protein) 78, heat shock proteins 70
and 90, LPS-binding CD 14-associated molecule, lami-
nin receptor, mannose receptor, DC-SIGN (these are
summarized in [60].

Human neurons in culture are reported permissive for in-
fection and sustain active replication, as shown by demonstra-
tion of NS3 viral antigen in primary cultures. Several, as yet
unidentified, membrane proteins of gray matter bind the entire
virus particle, are thought to act as receptors or co-receptors
during CNS infection [57].

Fig. 3 Comparison of cumulative vaccine data of recent phase III clinical
trials in both Asia and Latin America on serotype efficacy, with DENV
serotype prevalence during outbreaks in Thailand. a Dengue vaccine
efficacy to DENV serotypes averaged over recent clinical phase III
trials [63••, 64•]. Although overall average efficacy is around 60 %, the
efficacies to both DENV1 and DENV2 were at 50 and 35 % respectively,
while DENV3 and DENV4 were higher at 70 and 72 %, respectively. b

Confirmed dengue cases among DENV serotypes over the last 8 years of
study from Thailand, by serotype. The prevalence of DENV1 and
DENV2 was at 33 and 35 %, respectively, while DENV3 and DENV4
were at 20 and 12 %, respectively. Prevalence data raises the question of
whether vaccine efficacy is a function of DENV serotype prevalence
alone
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Treatment

There are no specific antiviral drugs for dengue. Guidelines
for supportive therapy emphasize attention to fluid mainte-
nance and balance. Invasive medical procedures such as
nasogastric tube placement, intramuscular injections, and
arterial punctures, should be reduced or avoided, along
with drugs that increase bleeding risk, such as NSAIDs
and acetylsalicylic acid. Complications are managed expec-
tantly or as they occur. Whole blood or packed red cells are
given for hemorrhagic complications, rather than platelets or
fresh frozen plasma [9]. Convalescent, para- or post-viral neu-
rologic complications needing treatment would be managed
by immune therapies appropriate to the syndrome.

Sequelae

Systematic study of long-term neurological sequelae has been
limited. Post-infectious fatigue syndrome at 6 months was
documented based on telephone interview fatigue question-
naire following a 2005 epidemic in Singapore [61].
Persistent symptoms of physical and mental fatigue, weak-
ness, headache, dizziness, and lost memories were reported
2 years after symptomatic DF or DHF during a 2006 epidemic
in Cuba, along with elevated dengue IgG in serum and auto-
immune or inflammatorymarkers in blood inmany cases [62].

Prevention

Presently, there is no approved dengue vaccine. Vaccines for
dengue have been developing since the 1940s, and now there
are six vaccines at various clinical trial stages [63••]. The
farthest along is Sanofi’s ChimeriVax, a tetravalent vaccine
composed of four recombinant, live attenuated viruses (yellow
fever 17D/DEN chimeric viruses), which has completed phase
III trials in Asia [64•] and Latin America [65•]. Issues in vac-
cine development have been the complexity of multiple den-
gue serotypes in nature, the need to elicit good cross-dengue
serotype responses, and incomplete understanding of protec-
tive parameters and their relation to disease severity. Specific
issues with the Sanofi vaccine have been serotype-dependent
efficacy of recent clinical trials, with higher DENV3 and
DENV4 efficacy and lower DENV1 and DENV2 efficacy,
when DENV1 and DENV2were the more prevalent serotypes
during an outbreak (Fig. 3). Whether the differential vaccine
efficacy by serotype is due to prevalence of each serotype
during an outbreak or due to strain differences remains to be
explored. Original concerns over the potential for immune
enhancement [17] (and thus a requirement for simultaneous
efficacy against all four serotypes) did not materialize in the
advanced dengue vaccine trials.

Ultimately, control of dengue will depend on a combined
approach: vaccination, environmental management emphasiz-
ing vector study and control, and new antivirals as they be-
come available.

Conclusion

Dengue is an important public health problem worldwide and
recent studies have increased awareness and understanding of
neurologic complications of infection. Given its epidemiology
and the global factors that are supporting the alarming increase
in numbers of dengue infections, total eradication of dengue is
not likely, and neurologists will continue to have a role in
recognition and care of patients. Because dengue affects more
than one third of the world’s population and treatment remains
supportive at this time, efforts in pathogenesis, vaccines, an-
tivirals, environmental risk reduction, and vector control are
all critical for disease control.
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