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Introduction
Encephalitis is an unusual manifestation of human viral
infection. Thus, whereas many individuals develop
systemic viral infections, only a few develop symptomatic
infection of the central nervous system (CNS). Viruses
vary widely in their potential to produce significant CNS
infection. For some viruses (eg, mumps), CNS infection is
a common but a relatively benign part of the syndrome.
For others (eg, Japanese encephalitis), neurological
disease is the most prominent clinical feature of the
systemic infection. A third group of viruses are those
which commonly cause infection, but only rarely cause
encephalitis (eg, herpes simplex virus [HSV]). Lastly,
there are viruses for which human infection inevitably and
exclusively results in CNS disease (eg, rabies). In addition
to acute pathology, other viruses (eg, measles) can cause
syndromes of post-infectious encephalopathy.

Pathogenesis
Access of viruses to the CNS can occur by either
haematogenous or neuronal routes.1–3 Haematogenous
spread is most common and can result in an altered
blood-brain barrier, as exemplified by arthropod-borne
viral infections. After an insect bite with local viral
replication in the skin, transient viraemia ensues with
seeding of the reticuloendothelial system, and sometimes
of muscle. With continued viral replication, secondary
viraemia leads to infection of other organs, including the
CNS. In acute viral encephalitis, capillary and endothelial
inflammation of cortical vessels is a striking pathological
finding, occurring primarily in the grey matter or grey-
white junction. Perivascular lymphocytic infiltration
results either from passive transfer of virus across the
endothelium at pinocytotic junctions of the choroid
plexus or active replication of virus in capillary endothelial
cells. As disease progresses, astrocytosis and gliosis
become prominent histopathological findings. Unique
histopathological features include Cowdry type A
intranuclear inclusions and Negri bodies that are
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associated with infections caused by herpesviruses and
rabies virus, respectively.

Alternatively, viruses can access the nervous system by
intraneuronal routes, as typically occurs with HSV. Data
from both experimental models (rabbit and mouse) and
human cases have suggested that the olfactory tract is one
route of access of HSV to the brain. Data obtained by
nucleic acid analysis of brain extracts suggest that HSV
can exist in a latent state within the CNS.4,5 Another
example of intraneuronal transmission of virus to the
CNS is rabies, with resulting limbic system involvement.
Once the virus has reached the brain, subsequent
replication can remain intraneuronal or can result in
either cell-to-cell or extracellular spread. 

Clinical manifestations
The clinical hallmark of acute viral encephalitis is a triad
of fever, headache, and altered level of consciousness.
Other common clinical findings include disorientation,
behavioural and speech disturbances, and focal or diffuse
neurological signs such as hemiparesis or seizures. These
clinical findings distinguish a patient with encephalitis
from one with viral meningitis, who can have headache,
nuchal rigidity, and fever, but not altered sensorium or
focal neurological findings.

Clinical findings reflect disease progression and the
specific areas of CNS involvement, which is determined
by the tropism of different viruses for different cell types.
For example, polioviruses preferentially infect motor
neurons, rabies virus selectively infects neurons of the
limbic system, whereas mumps virus can infect epithelial
cells of the choroid plexus. Infection of cortical neurons
results in abnormal electrical activity and can be
associated with seizures or focal deficits. Demyelination
may follow destruction of oligodendroglia cells, whereas
involvement of ependymal cells can result in
hydranencephaly. The predilection of HSV for temporal
lobe involvement, as illustrated in the figure, leads to
clinical findings of aphasia, anosmia, temporal lobe
seizures, and other focal abnormalities.
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Significant advances have been made in our understanding of the natural history and pathogenesis of viral
encephalitides. The development of PCR has greatly increased our ability to diagnose viral infections of the central
nervous system, particularly for herpes and enteroviral infections. Advancing knowledge has led to the recognition
that some encephalitides can be reliably prevented by vaccination (eg, Japanese encephalitis and rabies). For other
pathogens such as the arboviruses, the focus has been on prevention by vector control. Finally, effective therapy has
been established for a very limited number of viral infections (eg, aciclovir for herpes simplex encephalitis). Other
potentially useful treatments, such as pleconaril for enteroviral meningoencephalitis are under clinical evaluation. We
review current understanding of viral encephalitides with particular reference to emerging viral infections and the
availibility of existing treatment regimens.

Search strategy and selection criteria

The material was found by searching Ovid and Medline
databases using the terms “herpes simplex encephalitis”,
“viral encephalitis”, “enteroviral infections”, “Nipah viruses”
and “polymerase chain reaction”. The databases were
searched in July, 2001
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Diagnosis
Establishing an aetiological diagnosis of a CNS viral
infection may be difficult. Epidemiological features such
as the season of year, prevalent diseases within the
community, travel, recreational activities (eg, caving or
hiking), occupational exposures, and animal contacts (eg,
insect or animal bite) may provide helpful clues to the
diagnosis. Late summer and early autumn are seasons
when enteroviral infections are encountered in temperate
climates. Similarly, during warm summer months,
mosquito breeding may enhance the likelihood of
transmission of arthropod-borne viruses. 

Whereas physical examination of the patient does not
usually result in an aetiological diagnosis, a few
considerations are essential. For patients with acute viral
encephalitis, the distinction between generalised and focal
neurological findings is important. In a non-epidemic
setting, the most common viral cause of focal
encephalopathic findings is HSV.6,7 However, when signs
and symptoms of patients with biopsy-proven herpes
simplex encephalitis are compared with those who did not
have HSV CNS infection, there were no distinguishing
clinical characteristics. Viruses that usually cause diffuse
encephalitic diseases can, on occasion, localise to one area
of the brain and mimic herpes simplex encephalitis,7 as
summarised in panel 1. 

A distinction must be made between viral encephalitis
and post-infectious encephalomyelitis. Post-infectious
encephalomyelitis generally follows a non-specific viral
syndrome, usually of the respiratory tract, and is most
common in children. Neurological findings vary and
reflect the areas of the brain involved. Demyelination is a
prominent pathological finding. The distinction between
post-infectious encephalomyelitis and acute viral
encephalitis is crucial, since the management and
prognosis are often quite different. 

Evaluation of the cerebrospinal fluid (CSF) is essential,
unless its collection is contraindicated because of high
intracranial pressure. CSF abnormalities in patients 
with viral encephalitis generally include pleocytosis
(predominately mononuclear cells) and increased levels of
protein. A small percentage of patients (approximately 
3 to 5%) with severe viral infections of the CNS
(including herpes simplex encephalitis) can have
completely normal CSF.6 Cultures of CSF are of limited
value for isolation of virus, but assays to detect viral
antigens or nucleic acids may provide a rapid and specific
diagnosis.

The use of neurodiagnostic tests including the
electroencephalogram (EEG), computed tomographic
(CT) scan, and magnetic resonance imaging (MRI) scan,
can provide useful information in the assessment of
encephalopathic patients. MRI seems to be a sensitive
technique for detecting early changes in viral encephalitis.8

The EEG is of value, particularly in patients with herpes
simplex encephalitis in whom characteristic periodic high-
voltage spike wave activity emanating from the temporal
regions and slow-wave complexes at 2–3 s internals are
highly suggestive of HSV infection. 

Laboratory confirmation of the cause of brain infections
provides therapeutic guidance for only a limited number
of pathogens, but is always of prognostic value. For 
most diseases, antibodies identified in the CSF are 
not useful diagnostically unless measured quantitatively
and sequentially. Routine assessment of acute and
convalescence serum samples, to show either
seroconversion or seroboosting, is of no practical value in
the decision to institute therapy for viral encephalitis, but
remains a useful tool for retrospective diagnosis for some

infections (eg, arboviral encephalitis). The development of
new diagnostic assays has simplified the diagnosis of viral
infections of the brain. For example, an ELISA assay that
detects IgM antibodies in CSF from patients with
presumed Japanese encephalitis is both sensitive and
specific, since most patients have antibodies at the time of
admission to hospital and virtually all acquire them by 
day 3 of illness. Similarly, the use of PCR applied to CSF
has become the diagnostic method of choice for many
viral infections of the CNS, especially for those with
herpesviruses and enteroviruses. 

Effective vaccines for prevention of human encephalitis
are available for a few viral pathogens (eg, rabies, Japanese
encephalitis) and veterinary vaccines are available for
others. For most zoonotic and arthropod-borne infections,
vector control and avoiding bites remain the best available
approaches to prevention. Specific antiviral therapy for
viral encephalitis is generally limited to those diseases
caused by herpesviruses. Treatment of viral encephalitis
(eg, HSV, B virus) is complex, and practitioners should
seek consultation with experts. Additional research to
provide drugs for treatment of other viral pathogens
(particularly RNA viruses) is urgently needed.
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Panel 1: Diseases that mimic herpes simplex
encephalitis

Treatable diseases (n=46) Number of patients
Abscess or subdural empyema 5

Bacterial 1
Listeria 2

Fungal 2
Mycoplasma 6

Tuberculosis 3
Cryptococcal 2
Rickettsial 1
Toxoplasmosis 1
Mucormycosis 1
Meningococcal meningitis 1
Other viruses 4

Cytomegalovirus 3
Influenza A* 5
Echovirus infection* 2

Tumour 1
Subdural haematoma 6
Systemic lupus erythematosus 0
Adrenal leukodystrophy 0

Non-treatable diseases (n=49)
Vascular disease 11
Toxic encephalopathy 5
Reye’s syndrome 1
Viral (n=40) 7

Arbovirus infection 3
St Louis encephalitis 4
Western equine encephalitis 2
California encephalitis 8
Eastern equine encephalitis 0

Other herpesviruses 3
Epstein-Barr virus 1

Other viruses 1
Mumps virus 1
Adenovirus 2
Progressive multifocal leuko- 0
encephalopathy (JC virus)
Lymphocytic choriomeningitis virus 0
Subacute sclerosing pan- 0
encephalitis (measles virus)

*Drug therapy under investigation. Panel adapted from reference 7.
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Selected clinical syndromes
Herpes simplex encephalitis
Human infection caused by HSV is ubiquitous, but
encephalitis caused by this virus is uncommon.
Nonetheless, herpes simplex encephalitis has played an
important part in our understanding of viral infections of
the CNS. Herpes simplex encephalitis was one of the first
human infections to be routinely diagnosed using
methods of molecular biology (ie, PCR for detection of
HSV DNA in CSF).9-13 Furthermore, herpes simplex
encephalitis is one of the first viral infections to be
successfully treated with antiviral chemotherapy.14,15

HSV is the most common cause of non-epidemic,
acute focal encephalitis in the USA.16 The estimated
frequency of occurrence is one case per 250 000 to
500 000 population annually. Occurring throughout the
year, about one-third of the cases of herpes simplex
encephalitis develop in patients less than 20 years of age
and one-half in individuals older than 50 years. In the
absence of effective antiviral therapy, the mortality for
this encephalitis is >70%, with only 2·5% of individuals
returning to normal function. 

Aciclovir is the treatment of choice for herpes simplex
encephalitis, but morbidity and mortality remain high;
mortality is 28% at 18 months after aciclovir
treatment.14,17 Age of the patient, level of consciousness at
presentation, and duration of encephalitis all influence
the outcome in patients receiving aciclovir therapy.18 If
the level of consciousness, as measured by the Glasgow
coma score, is six or less, there is usually a poor outcome,
irrespective of the age of the patient. If disease is present
for 4 days or less, the likelihood of survival increases from
65% to 100% among aciclovir recipients. At 2 years after
treatment, in this study 30% of aciclovir recipients were
judged to be normal or mildly impaired, 9% had
moderate sequelae, whereas 53% of the patients were
dead or severely impaired. Relapse of HSV infection of
the CNS after therapy has been shown. From studies of
neonatal herpes simplex encephalitis, approximately 8%
of babies who received aciclovir had a documented
virological relapse if treated for 10 days at a dosage of 
10 mg/kg every 8 h. Relapse has not been documented
when higher doses18 administered for 21 days are used.
The exact percentage of adults and older children who
have a relapse is unknown, but reports have suggested
that relapse can occur after therapy and may be as high 
as 5%.18

A distinction must be made between HSV infections of
the CNS that occur during the neonatal period and
infections in older children and adults. Beyond the
neonatal period, the majority of cases of herpes simplex
encephalitis are attributable to HSV-1. On the basis of
serological studies, about one-third of these cases are
caused by primary HSV-1 infection and two-thirds result
from viral reactivation.19 Studies in animal models have
shown reactivation of latent HSV from the trigeminal
ganglia with transport of virus along nerves of the
olfactory tract to the brain. The pathogenesis of HSV
encephalitis in human beings is not well known. The
possibility of reactivation of latent virus in brain tissue
has not been excluded.

By contrast, neonates most commonly acquire HSV
infection from virus shed in the maternal genital tract at
the time of vaginal delivery. HSV-2 infection of the brain
in newborn babies with multiorgan disseminated
infection is likely to be blood-borne and associated with a
diffuse encephalitis, resulting in generalised encephalo-
malacia.However, when disease involves only the CNS of
the newborn baby, neuronal transmission of virus to the

CNS initially results in unitemporal involvement that
extends to bitemporal disease, as occurs in older children
and adults (figure). Babies with HSV-1 infection of the
CNS have a significantly better neurological outcome
than those with HSV-2 infection. Recently, the use of a
higher dose of aciclovir (20 mg/kg every 8 h) for 21 days
has decreased mortality to 5% for newborn babies with
HSV encephalitis; about 40% of survivors develop
normally. The reasons for the differences in the
pathogenesis and tropism of HSV-1 and HSV-2 CNS
infections are not well understood.20,21

B virus
B virus (cercopithecine herpesvirus) causes enzootic
infection of macaque monkeys that usually results in little
or no disease in the animal.22 However, B virus can cause
severe and fatal encephalitis in human beings when
transmitted by the bite or scratch of an infected
macaque.23,24 Human disease is characterised by a non-
specific prodrome of fever and malaise (possibly with
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Coronal section of brain from patient with herpes simplex
encephalitis
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herpetic blisters at the inoculation site), progressing to a
rapidly ascending encephalomyelitis. The mortality rate
for human encephalitis caused by B virus encephalitis is
50–70%. No evidence suggests that B virus can cause a
subclinical infection in human beings.25 Individuals who
get a bite, scratch, or mucosal exposure from a
potentially infected macaque should thoroughly
decontaminate the wound. Prophylactic antiviral therapy
is recommended for individuals who have a high-risk
exposure.26 Because of the high mortality rate associated
with B virus encephalitis, patients should be treated with
intravenous aciclovir or ganciclovir, although the
therapeutic experience with this disease is limited. 

Rabies
A zoonotic disease caused by a rhabdovirus, rabies
remains one of the very few human infections with a
near-100% mortality rate. Conversely, rabies can be
readily prevented by judicious use of passive and active
immunisation, even after infection has occurred.27 In the
less-developed world, infected dogs remain the primary
vector for human rabies.28 In the USA and western
Europe, human infection is more likely due to exposure
to bats or wild terrestrial mammals.29 The incubation
period for rabies in human beings can range from 5 days
to greater than 6 months, although the usual period is
20–60 days.30 After a prodromal period of fever, malaise,
anxiety, and pain or itching at the site of the bite wound,
patients with rabies develop overt CNS findings, which

may be predominately encephalopathic or paralytic.30

The patient progresses to coma, cardiorespiratory failure,
and ultimately to death. Other than supportive care, no
therapy for human rabies is available. The best
diagnostic method for laboratory confirmation for rabies
is detection of rabies virus RNA in saliva by reverse-
transcriptase PCR, which has high sensitivity and
specificity.31,32 Alternative diagnostic methods include
demonstration of rabies virus antigens in biopsy samples
from the brain, nuchal skin, or corneal impressions.
Medical management of rabies is focused on prevention.
Veterinarians and other individuals at high-risk for
exposure to rabies should receive pre-exposure
vaccination. Unimmunised individuals who have a risky
exposure to a potentially rabid animal should receive
post-exposure vaccination with both rabies
immunoglobulin (preferably human rather than equine
rabies immunoglobulin) and rabies vaccine. Modern
rabies vaccines produced in human tissue-culture cell
lines or avian embryo cultures are more effective and
much better tolerated than older vaccines produced in
animal nervous tissues.33

Since 1996, several deaths have been reported in
Queensland, Australia, from a rabies-like disease caused
by Australia bat lyssavirus, which causes enzootic
infection of flying foxes and other bats.34,35 Pre-exposure
or post-exposure administration of standard rabies
vaccine seems to be protective against human infection
with Australian bat lyssavirus. 
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Panel 2: Arboviruses that cause encephalitis

Virus Vector Geographical location
Togaviridae

Alphavirus
Eastern equine Mosquitoes (Culiseta, Aedes) Eastern and Gulf coasts of USA, Caribbean, and South America
Western equine Mosquitoes (Culiseta, Culex) Western USA and Canada
Venezuelan equine Mosquitoes (Aedes, Culex, and others) South and Central America, Florida and southwest USA  

Flaviviridae
West Nile complex

St Louis Mosquitoes (Culex) Widespread in USA
Japanese Mosquitoes (Culex) Japan, China, Southeast Asia, and India 
Murray Valley Mosquitoes (Culex) Australia and New Guinea
West Nile Mosquitoes (Culex) US, Africa, Europe, Middle East, and Asia
Ilheus Mosquitoes (Psorophora) South and Central America
Rocio Mosquitoes (?) Brazil

Tick-borne-complex
Far Eastern Ticks (Ixodes) Eastern Russia
Central European Ticks (Ixodes) Central Europe
Kyasanur Forest Ticks (Haemophysalis) India
Louping-Ill Ticks (Ixodes) England, Scotland, and Northern Ireland
Powassan Ticks (Ixodes) Canada and northern USA
Negishi Ticks (?) Japan

Bunyaviridae
Bunyavirus

California Mosquitoes (Aedes) Western USA
La Crosse Mosquitoes (Aedes) Mid and eastern USA
Jamestown Canyon Mosquitoes (Culiseta) USA and Alaska
Snowshoe Hare Mosquitoes (Culiseta) Canada, Alaska, and northern USA
Tahyna Mosquitoes (Aedes, Culiseta) Czechoslovakia and Yugoslavia, Italy and southern France
Inkoo Mosquitoes (?) Finland

Phlebovirus
Rift Valley Mosquitoes (Culex, Aedes) East Africa

Reoviridae
Orbivirus

Colorado tick fever Ticks (Dermacentor) Rocky mountains of USA

Adapted from reference 36. 
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Arthropod-borne encephalitis viruses
Viruses transmitted to human beings by the bites of
arthropods (especially mosquitoes and ticks) are major
causes of encephalitis worldwide (panel 2).36 These
encephalitides are predominately caused by viruses from
the Togavirus (eg, eastern equine encephalitis), Flavivirus
(eg, Japanese encephalitis) and Bunyavirus (eg, La Crosse
encephalitis) families. An antigenically related group of
Flaviviruses accounts for hundreds of thousands of cases
of human infection worldwide each year. These include
mosquito-borne diseases such as St Louis encephalitis
(North America), Murray Valley encephalitis (Australia),
West Nile virus encephalitis (Africa/Middle-East), and
Japanese encephalitis (Asia), as well as far eastern tick-
borne encephalitis (Russia) and western tick-borne
encephalitis (Europe).37

Japanese encephalitis virus, transmitted by Culex spp
mosquitoes, probably causes more cases of acute
encephalitis than the other arthropod-borne viruses
combined. During the past 75 years, from its focus in
China and southeast Asia, Japanese encephalitis has
expanded westward to India and Pakistan, northward to
eastern Russia, eastward to the Philippines, and
southward to Australia. In the northern region, epidemics
of Japanese encephalitis can occur during the warm
summer months, whereas disease occurs throughout the
year in the warmer southern areas.38 In China alone, at
least 20 000 symptomatic cases are reported annually.39

The ratio of symptomatic to symptomless infections is
estimated to be 1:25 to 1:1000.38 In areas where Japanese
encephalitis is common, it is primarily a disease of
children; however, more cases are seen in adults when the
virus moves into a previously unexposed population. After
a few days of non-specific symptoms, patients with
Japanese encephalitis present with headache, vomiting,
and altered mental state; seizures are reported in 85% of
children and 10% of adults. Other characteristic findings
include coarse tremor, dystonia, rigidity, and a
characteristic mask-like facies. A variant that presents
with poliomyelitis-like acute flaccid paralysis has recently
been reported.40 MRI shows a characteristic pattern of
mixed intensity or hypodense lesions, especially in the
thalamus, but also in basal ganglia and midbrain.41

Diagnosis is facilitated by detection of IgM in CSF.42 The
mortality rate for patients admitted with Japanese
encephalitis is about 30%. About 50% of survivors have
severe neurological sequelae, including motor weakness,
intellectual impairment, and seizure disorders. Therapy

for Japanese encephalitis is limited to intensive supportive
care. An effective formalin-inactivated vaccine is available
and is recommended for inhabitants of endemic areas as
well as travellers entering rural endemic areas.43 An
attenuated live virus vaccine has been developed in China,
but is less widely available than the inactivated vaccine.44

In the USA, most cases of arthropod-borne encephalitis
in recent years have been attributed to La Crosse virus,
eastern equine encephalitis virus, and St Louis
encephalitis virus (panel 3). La Crosse virus, a bunyavirus
in the California encephalitis serogroup, causes aseptic
meningitis and encephalitis, primarily in school-aged
children. Although the mortality rate associated with 
La Crosse encephalitis is low, 10–15% of survivors will
have significant neurological deficits.45,46 Equine
encephalitis virus occurs during the summer months along
the eastern and Gulf coasts of the USA. By contrast with
La Crosse encephalitis, it frequently occurs among older
adults. Patients with eastern equine encephalitis have a
short prodromal illness, then present with fever,
headache, generalised seizures and may progress to stupor
or coma.47 MRI shows focal lesions in the basal ganglia,
thalami, and brain stem. The mortality rate is 30–40%
and at least one-third of survivors have significant
neurological sequelae. High CSF white-blood cell count
(>500/mm3) and low serum sodium (�130 mmol/L) are
associated with poor outcome.47

Beginning in August, 1999, an epidemic of viral
encephalitis occurred in and around New York City that
ultimately resulted in 62 cases and seven deaths. On the
basis of positive serological results, the outbreak was
initially attributed to St Louis encephalitis virus.
However, a simultaneous epidemic of deaths among wild
and exotic captive birds suggested that St Louis
encephalitis virus (which does not ordinarily kill the avian
host) might not be the correct pathogen. Ultimately, the
causative agent was identified as West Nile virus.48-50 West
Nile virus encephalitis is a well-described disease in Africa
and the Middle East, but had not previously been
encountered in the western hemisphere. As a harbinger of
the appearance of West Nile virus in North America, the
first major epidemic in Europe occurred in Romania in
1996 and was characterised by a high rate of neurological
complications.51 Using hospital-based surveillance, 393
confirmed cases of this infection were identified in
Romania, most of whom had meningoencephalitis. The
mortality rate clearly increased with age; the overall
fatality/case ratio was 4·3%, with all deaths occurring in
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Panel 3: Characteristics of selected mosquito-borne arbovirus encephalitides in the USA

Virus Geographical distribution Age-group affected Mortality Sequelae symptoms
Western Equine West, midwest USA Infants and adults Moderate in infants; Headache, altered 

(>50 years old) low in other ages consciousness, 
seizures

Eastern Equine East, Gulf Coast, southern USA Children and adults >30% Headache, altered
consciousness,
seizures

Venezuelan South America, southern USA Adults Rare Headache, myalgia,
pharyngitis

St Louis Central, west, southern USA Adults (>50 years old) 20% Headache, nausea,
vomiting, disorientation,
stupor, irritability

La Crosse Central, eastern USA Children 10–15% Seizures, paralysis,
focal weakness

West Nile East Coast USA, Africa, Adults Low Seizures, myelitis, 
Middle East, Europe optic neuritis

Adapted from reference 37.
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patients older than 50 years of age. The number of mild
cases occurring in the Romanian population could not be
calculated, but the overall seroprevalence rate was 4·1%.
Clinical findings were similar in the Romanian and New
York outbreaks. Patients typically presented with abrupt
onset of fever, headache, neck stiffness, and vomiting.
Patients who progressed to encephalitis showed depressed
consciousness, disorientation, and generalised weakness.
In both Romania and the USA, additional cases of West
Nile virus infection appeared during the following
summer, with geographical expansion of human and
animal infections proving that West Nile viruses stayed
alive during the winter and established an enzootic cycle
of transmission involving birds and mosquitoes.52,53 The
pattern of recent epidemics of this virus in Europe and
North America indicates that migratory birds contribute
to dispersement of the virus, suggesting that it has the
potential to cause new outbreaks.54–56 In the summer of
2000, an unexpectedly large outbreak of West Nile virus
encephalitis occurred in Israel, with more than 250
confirmed cases and 19 deaths, all in patients older than
age 50 years.57 There is currently no vaccine to prevent
West Nile virus infection. Preventive measures include
vector avoidance and mosquito control programmes.58

Enteroviral infections
Enteroviruses (including polioviruses, coxsackieviruses,
and echoviruses) cause a wide spectrum of human
diseases, including myocarditis and pericarditis,
exanthems and enanthems, conjunctivitis, and meningitis,
most of which are mild and self-limited. However, certain
types of enteroviruses have the potential to cause severe
and even fatal neurological disease, the best known of
which is poliomyelitis. Other enteroviruses are frequent
causes of seasonal aseptic meningitis and (less commonly)
meningoencephalitis, especially in young infants. In 1998,
a large outbreak of enteroviral infection (hand-foot-and-
mouth disease and herpangina) occurred in Taiwan, with
more than 60% of the cases attributed to enterovirus 71.59

What distinguished this enteroviral epidemic from others
was the high rate of neurological complications among
children infected with enterovirus 71.60 405 patients with
serious enteroviral infection were identified. Most were
less than 5 years of age and the mortality rate in this group
was 19·3%. Among patients with positive viral cultures,
enterovirus 71 was isolated from 75% of patients admitted
to hospital and from 92% of patients who died.59 The
typical clinical presentation was rhombencephalitis,
characterised by myoclonus, tremors, ataxia, and cranial
nerve involvement.60 The most severely affected children
presented with evidence of brain-stem involvement
(including neurogenic shock and pulmonary oedema),
which indicated a poor prognosis.61 MRI indicated
distinctive high-intensity lesions localised to the midbrain,
pons, and medulla.61 Long-term neurological sequelae
were frequent among children with rhombencephalitis
who survived. Although other outbreaks of enterovirus 71
disease have been reported, none have had the level of
serious neurological involvement seen in the Taiwanese
epidemic. There is currently no vaccine (other than for
polio) or approved antiviral treatment of enteroviral
infections, although the antiviral drug pleconaril shows
promise and is currently undergoing clinical evaluation.62

New paramyxoviruses: Nipah and Hendra viruses
In 1997, an outbreak of encephalitis was noted among pig
farm workers in Malaysia, but was attributed to Japanese
encephalitis that recurred in September, 1998, and both
clinical and epidemiological characteristics made it clear

that Japanese encephalitis was not the correct diagnosis. A
paramyxovirus isolated from a Malaysian patient with
encephalitis showed in vitro characteristics similar to
Hendra virus, a new morbillivirus previously isolated from
horses and human beings in Australia in 1995.63

Subsequent virological studies have shown that the
Malaysian pathogen, now named Nipah virus, is closely
related to, but distinct from, Hendra virus and that the
two belong to a new genus within the family
Paramyxoviridae.64 Epidemiological investigations indic-
ated that Nipah virus is transmitted to human beings by
close contact with infected pigs, probably via the
respiratory route.65 The infection does not require an
insect vector and is not readily transmitted from person-
to-person. Patients with Nipah virus encephalitis present
with fever, headache, dizziness, vomiting, and altered
mental state.65,66 Clinical features such as hypertension,
tachycardia, absence of reflexes, and hypotonia suggest
brain-stem involvement. MRI scanning shows a
distinctive picture of discrete 2–7 mm lesions
disseminated throughout the brain, but occurring mainly
in the subcortical and deep white matter of the cerebral
hemispheres.67 Pathological correlation suggests that the
lesions seen on MRI are due to widespread
microinfarctions resulting from small vessel vasculitis.68

Among 94 patients admitted to hospital with Nipah virus
encephalitis in Malaysia from February to June, 1999,
32% died, 53% had full recovery, and 15% of survivors
had persistent neurological deficits.65 The epidemic was
terminated by aggressive culling of all infected or exposed
pigs. As with Hendra virus, the natural reservoir for Nipah
virus appears to be pteropid bats, with pigs serving as
hosts for viral amplification.69

Conclusion
Even before the medical community fully understood the
pathogenesis, diagnosis, and management of familiar
causes of viral encephalitis, emerging pathogens have
made their presence known in alarming ways. The past 
5 years have seen an outbreak of a deadly and previously
unknown encephalitis virus (Nipah), dramatic extension
of the range of a well-known arbovirus, and unexpected
neurovirulence from a common paediatric pathogen
(enterovirus 71). Each of these outbreaks suggests the
high probability of future epidemics of encephalitis caused
by previously unknown pathogens or new manifestations
of known agents. The Nipah virus epidemic highlights the
potential for amplification of zoonotic viruses when
agricultural practices force huge numbers of animals into
close quarters, creating an ideal environment for exchange
of pathogens. The West Nile virus outbreak in the USA
demonstrates how a pathogen can suddenly appear on the
other side of the world. Although West Nile virus is
naturally spread to new regions by migratory birds, there
is at least the suspicion that the New York outbreak could
have originated with illegal importation of infected birds.
These scenarios suggest the need for clinicians to develop
a broad differential diagnosis when assessing a new patient
who presents with the acute onset of viral encephalitis.
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