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Dengue virus in the brain of a fatal case of
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Neurologic complications associated with dengue fever are in general unusual.
However, recent reports evidence more frequent neurologic alterations. In
Mexico, neurologic involvement has not been reported in dengue cases. This
report demonstrates the detection of dengue virus in the brain of a fatal case of
dengue hemorrhagic fever. Serotype 4 was detected by immunohistochemistry
and by RT ± PCR in the inferior olivary nucleus of medulla and in the granular
layer of cerebellum. Immunoreactivity was observed in neurons, astrocytes,
microglia and endothelial cells. Our results emphasize the importance of
neurologic manifestations in patients with dengue fever.
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Introduction

Dengue viruses are members of the family Flavivir-
idae which includes neurotropic viruses such as
Japanese encephalitis virus, St Louis encephalitis
virus and Murray Valley encephalitis virus (Porter-
®eld, 1986). Neurologic alterations associated with
dengue hemorrhagic fever have been reported
mainly in endemic countries in Southeast Asia,
the symptoms of which include headache, seizures,
neck stiffness, drowsiness, depressed sensorium,
behavioral disorders, delirium, paralysis and cranial
nerve palsies (Gubler et al, 1984; Sumarmo et al,
1978; Kho et al, 1981; Sumarmo et al, 1983; Row et
al, 1996; Patey et al, 1993; Thakare et al, 1996;
Hendarto and Hadinegoro, 1992). Marked neurolo-
gical symptoms were noted in one fatal case of
dengue shock syndrome which occurred during the
outbreak of dengue in 1987 in Rio de Janeiro, Brazil
(Chimeli et al, 1990). IgM antibodies against dengue
virus in both cerebrospinal ¯uid (CSF) and sera
were detected by Chen et al in Taiwan patients

(Chen et al, 1991). Lum et al (1996) reported in
Malaysia six con®rmed cases of dengue with a
clinical picture of encephalitis; dengue 3 was
isolated from CSF of four cases, and in one case,
dengue 2 was detected by the polymerase chain
reaction in both the CSF and blood. Bhoopat et al
(1996) detected dengue antigen by immunohisto-
chemical studies in frozen human organs from
autopsies; a strong reactivity was found in hemato-
poietic cells and in cerebral cortex neurons,
Purkinje cells, choroid plexus and blood vessels,
astrocytes and microglia. More recently, Miagosto-
vich et al (1997) published a retrospective study of
fatal dengue cases in Brazil which demonstrated the
presence of dengue virus antigens in the brains of
three fatal cases, however, information regarding
dengue serotype was not provided. In spite of the
recent increases of dengue cases in Mexico,
neurologic involvement has not been reported in
dengue patients (General Directorate of Epidemiol-
ogy/Mexico, 1996).

This study reports the presence of dengue virus in
the brain of a fatal case of dengue hemorrhagic fever
in Mexico. In 1995, a 17-year-old male was admitted
to the Intensive Care Service at the Pediatrics
Hospital in CuliacaÂn, Sinaloa (Mexico) with the
diagnosis of Dengue Hemorrhagic Fever (DHF). One
week before admission he presented fever, myalgia,
arthalgia, vomiting and headache and 1 day before
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hospitalization he presented generalized seizures
and coma. Upon physical examination, he was
diaphoretic, with fever (398C), hypotense, and
presented tachicardia and generalized petechial
hemorrhages in the skin and melena. Unfortunately
the patient evolution was fulminant, so it is not
possible to add more clinical information.

The laboratory studies showed mild leukocy-
tosis, normocytic anemia and accentuated throm-
bocytopenia. The patient died 1 day after
admission with hypovolemic shock and bleeding
by nose, mouth and in venopuncture sites. The
patient's serum was not available for serologic
and virologic studies; however, the diagnosis of
dengue was based on clinical and epidemiologi-
cal data. This case was reported during the
epidemic of dengue hemorrhagic fever (DHF) in
Sinaloa in 1995, when 13 000 cases of dengue
fever, 177 cases of DHF and four fatalities, were
recognized (General Directorate of Epidemiology/
Mexico, 1996).

A complete autopsy was performed and tissue
sections from all over the body were ®xed in
10% formaldehyde and embedded in paraf®n.
Sections 5 m width were stained with hemotox-
ylin/eosin.

Dengue virus was detected in brain tissue
through immunohistochemical analysis. Tissues
from the superior frontal gyrus, fourth temporal
gyrus, mesencephalon, pons, medulla and cerebel-
lum were deparaf®ned, rehydrated in alcohol and
digested with trypsin 0.02% in PBS for 10 min at
room temperature. The endogenous activity of
peroxidase was blocked with 3% H2O2 in methanol.
Brain sections were incubated overnight at 48C with
biotinilated-human polyclonal antibodies against
dengue virus diluted 1 : 5 in PBS. The bound
antibodies were revealed using a streptavidin-
peroxidase conjugate diluted at 1 : 250. Addition-
ally, sections from cerebellum and medulla were
incubated overnight at 48C with monoclonal anti-
bodies speci®c to dengue virus serotype 4 (1H10)
and diluted at 1 : 5 in PBS; Rabbit anti-mouse
polyclonal antibodies conjugated to peroxidase
and the Tiramide Signal Ampli®cation System
(New England Nuclear) were used to reveal the
bound antibodies. From the same brain tissue
embedded in paraf®n blocks, total RNA was
extracted according to the procedure described by
Jiang et al (1995).

Dengue virus RNA was ampli®ed according to the
procedure described by Lanciotti et al (1992). The
DNA bands were stained with ethidium bromide
(0.1 mg/ml) and observed with a UV light lamp;
PCR products size for each virus was determined
using Hae III-digested 16174 DNA (GIBCO, BRL)
as molecular weight standard. Dengue prototypes
(Dengue 1, Hawaii; Dengue 2, NGC; Dengue 3, H-87
and Dengue 4, H-241) and negative controls were
included for each reaction.

The complete necropsy study showed bilateral
pleural bloody ¯uid collection, hemorrhagic ascitis
and pericarditis with multiple petechial hemor-
rhages and ecchymosis on the surface of the
mesentery heart, lungs, kidneys, larynx and phar-
yngeal mucosa. Massive amounts of bloody liquid
were found in the stomach and small intestine
lumen. The heart was dilated and ¯abby. The brain
showed slight meningeal opacity, vein congestion
and generalized edema with bilateral uncus hernia-
tion. Light microscopy analysis revealed patchy
lymphocyte in®ltrate in the interstitial myocardial
tissue with necrosis of individual muscle ®bers.
Particularly distinctive was mononuclear in¯am-
matory in®ltrate below hyperplastic and disrupted
venular endothelium with extensive hemorrhagic
areas in the lamina propia of stomach and
intestines. Focal in¯ammatory in®ltrate constituted
by activated lymphocytes and macrophages was
observed surrounding the leptomeningeal veins and
occasional eosinophilic neurons were seen, how-
ever, distinctive histopathological features of brain
viral infection such as in¯ammatory perivascular
cuffs, neuronal death with neurophagia and acti-
vated microglia were not observed.

Neurons, astrocytes, microglia and endothelial
capillary cells from the inferior olivary nucleus in
the medulla and in the granular layer from the
cerebellum showed strong immunostaining with
both polyclonal human anti-dengue antibodies and
with mouse monoclonal anti-dengue 4 virus (Figure
1). RT ± PCR product for dengue 4 (392 bp) was
observed in the inferior olivary nucleus of medulla,
and in the granular layer of cerebellum (Figure 2).

Neurologic complications associated with den-
gue fever are in general unusual (Gubler et al, 1984).
However, recent reports evidence a more frequent

Figure 1 Positive immunostaining from the inferior olivary
nucleus of medulla using a polyclonal antibody against dengue
virus. Strong immunoreactivity is observed in neurons (black
arrow head), astrocytes (black arrow), microglia (white arrow)
and endothelial capillary cells (asterisk). The same pattern was
observed using a monoclonal antibody against dengue 4.
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association of neurologic alterations in dengue
cases (Row et al, 1996; Patey et al, 1993; Thakare
et al, 1996; Hendarto and Hadinegoro, 1992). The
pathophysiology of neurologic involvement in
human cases of dengue has been attributed to
factors such as cerebral edema, cerebral hemor-
rhage, hyponatremia, fulminant hepatic failure with
portosystemic encephalopathy, cerebral anoxia,
microcapillary hemorrhage and release of toxic
products (Gubler et al, 1984). Certain neurological
signs and symptoms are classically observed during
acute infection such as headache, dizziness, delir-
ium, sleeplessness, mental irritability and depres-
sion. Postinfection disorders such as epilepsy,
tremors, amnesia, dementia and maniac psychosis,
have also been recognized (Jimenez et al, 1988).
Based on studies in southeast Asia, encephalopathy
associated with classic dengue fever can occur in up
to half of the cases (Nelson, 1960). Sumarmo et al
(1983) reported encephalitic symptoms in many
fatal cases of dengue which occurred in Indonesia
(Sumarmo et al, 1983). The number of cases affected
with dengue virus reported with alterations in the
central nervous system could be related to the
geographic area. In spite of recent increment of
dengue cases in Mexico, neurologic involvement
has not been reported (General Directorate of
Epidemiology/Mexico, 1996). To our knowledge,
the present report deals with the ®rst fatal hemor-
rhagic case with neurologic symptoms and dengue
virus detection in a patient's brain through im-
munohistochemistry and RT ± PCR analysis. Our
results are similar to those of Bhoopat et al (1996)

who detected dengue antigens through immunohis-
tochemical studies of frozen human organs from
autopsies; these authors found strong immunostain-
ing in hematopoietic cells and in cerebral cortex
neurons, Purkinje cells, astrocytes and microglia, as
well as in choroid plexus and blood vessels. In the
present case, and in spite of absence of histological
damage characteristic of viral infection, this study
demonstrated through immunohistochemical ana-
lysis the presence of dengue virus in brain by using
human polyclonal antibodies against dengue and
also with a monoclonal antibody (1H10) speci®c for
dengue virus serotype 4 in neurons, astrocytes and
microglia from the medulla (olivary inferior nu-
cleus) (Figure 1) and cerebellum (granular layer).

The results of the immunohistochemical analysis
were corroborated by molecular analysis, which
was positive using speci®c primers for dengue 4 by
RT ± PCR in medulla and cerebellum (Figure 2). An
additional proof on the presence of dengue 4 was
obtained when PCR products from cerebellum and
medulla were digested with the restriction enzyme
NlaIII; a similar digestion pattern was obtained with
prototype of dengue 4 (H-241) and with our patient
(Data not shown).

Unfortunately, patient's serum sample was not
available for serological and virological studies,
however the diagnosis of dengue was sustained
through clinical and epidemiological data (General
Directorate of Epidemiology/Mexico, 1996). The
diagnosis of dengue virus serotype 4 was also
supported by local epidemiological data; in fact,
dengue 4 associated with hemorrhagic fever has
been documented in Mexico since 1984, when cases
of hemorrhagic dengue, including four fatalities due
to this serotype were recognized in Yucatan (LoronÄ o
et al, 1993).

Lum et al (1996) demonstrated the presence of
dengue 3 in the cerebrospinal ¯uid and blood in
most fatal cases of dengue which occurred in
Malaysian children with neurologic symptoms;
since the onset of encephalitis appears early in the
course of illness coinciding with the viremic phase,
these authors postulated that the virus crosses the
blood brain barrier and directly invades the brain
causing encephalitis. Our results and from other
studies, emphasize the importance of neurologic
manifestations in patients with dengue fever and
the potential ability of dengue viruses to invade the
nervous system.
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Figure 2 Detection of dengue virus by RT ± PCR analysis in
brain of a fatal case of hemorrhagic dengue fever. Lanes: 1
(molecular weight standards), 2 (negative control), 3 (Den 1
prototype Hawaii), 4 (Den 2 prototype NGC), 5 (Den 3 prototype
H-87), 6 (Den 4 prototype H-241), 7 (medulla, inferior olivary
nucleus), 8 (cerebellum, granular layer). PCR products from
dengue virus prototypes (Den 1, 482 bp; Den 2, 119 bp; Den 3,
290 bp and Den 4, 392 bp), are indicated in the left side of
®gure.
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