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Emerging viral infections of the nervous system
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New viral infections of the nervous system have been appearing with great
regularity. Some result from the evolution of new agents and others from the
entry of viruses into new hosts or environments. The emergence of neuroviru-
lent enteroviruses causing a paralytic poliomyelitis syndrome and rhomboen-
cephalitis represent the evolution of new human viruses. Most emerging viral
infections represent movement of an agent into new geographic areas or across
species barriers. The transport of neurovirulent strains of West Nile virus into
the Western Hemisphere and the penetration of Nipah virus, a newly recog-
nized paramyxovirus, across species barriers from bat to pig to man are ex-
amples that are highlighted in this review. The burgeoning human population
and the speed and frequency of travel favor the evolution, preservation, and
spread of new viral agents. Journal of NeuroVirology (2003) 9, 140–147.
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Introduction

Emergence of interest in “new” infections can be
traced back to Legionnaires’ disease, toxic shock,
Lyme disease, La Crosse virus encephalitis, and simi-
lar illnesses that attracted interest in the pre–acquired
immunodeficiency syndrome (AIDS) era, but it was
the precipitous appearance and frightening spread of
the human immunodeficiency virus (HIV) that has
galvanized interest in emerging diseases over the past
two decades. The questions of where the agents come
from, how much damage they may cause, and what
final solutions will be found have became common
in the popular as well as the scientific press.

This review will address only viruses that are re-
garded as new and that cause neurological disease.
Focus will be on two viruses that have emerged as
major causes of severe encephalitis within the past
5 years—West Nile virus in North America and
Nipah virus in Southeast Asia.
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Classes of new viruses

Newly recovered viruses
To describe viruses such as human herpesvirus 6
(HHV6) and human T-cell lymphotropic virus 1
(HTLV-1) as emerging agents is inappropriate
(Table 1). Roseola or exanthem subitum, the major
disease associated with primary HHV6 infection, is
a traditional illness, and encephalitis has long been
a recognized complication of this common child-
hood exanthem. Only the identification of HHV6 is
new. Similarly tropical spastic paraparesis, the ma-
jor neurological disease associated with HTLV-1, was
described long before the virus was recovered. The
antiquity of the virus is attested by the finding of
HTLV-1 sequences in pre-Columbian mummies (Li
et al, 1999).

Evolution of new viruses
New viruses do evolve both by mutation and recom-
bination. The fidelity of RNA transcription is poor
compared to DNA due to the lack of proof read-
ing enzymes, so RNA viruses can evolve at a re-
markable rates. New human enteroviruses, defined
by their failure to be neutralized by antibodies to pre-
viously known enteroviruses, appear periodically,
sometimes with astonishingly novel diseases.
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Table 1 Emergence of “new” neurotropic virus disease

Mechanisms Examples

Recognition of previous Herpesvirus 6 encephalitis
undefined agent HAM/TSP with HTLV1

Newly evolved agents Enterovirus 70 and 71 paralytic
disease

Influenza with new recombinants
Entry of agent into new AIDS

host or environment Bovine spongiform encephalopathy
Venezuelan hemorrhagic fever

(Guanarito)
Ebola
West Nile virus encephalitis in

New York
Nipah virus encephalitis

In 1969 in Accra, Ghana, an epidemic of hemor-
rhagic conjunctivitis broke out abruptly and spread
across Africa to India and the Far East with small
outbreaks in Europe. It then subsided only to reap-
pear in India in 1979, with subsequent spread to
South America and the Carribean and a few cases
in the United States. Following these two massive
epidemics, only small outbreaks such as those in
the middle East and Samoa have been noteworthy
(Yin-Murphy, 1984; Johnson, 1994). In about 1 per
10,000 cases, a flaccid polio-like paralysis accompa-
nied the conjunctivitis (Wadia et al, 1983). An en-
terovirus was recovered from eyes and throats but
oddly not from fecal specimens. The clinical illness
was so unique and the clinical spread so explosive
that it was initially assumed this represented an ani-
mal virus that had crossed species barriers. Sequence
comparisons, however, established its relationship
to human enteroviruses, even though the new virus
spread from eye to eye by hands or fomites (similar to
the spread of adenoviruses) and spread so efficiently
among crowded and impoverished populations that
it appeared to outrun susceptible populations.

Also in 1969, enterovirus 71 made a less dra-
matic appearance in California as a common cause of
hand-foot-and-mouth disease and rare cases of en-
cephalitis. In 1971, epidemics of enterovirus 71 in
Bulgaria and Hungary, however, were associated with
flaccid paralysis (Chumakov et al, 1979). Then in
1997 and 1998, major epidemics of hand-foot-and-
mouth disease due to enterovirus 71 occurred in
Taiwan, Japan, and Southeast Asia, accompanied by
many deaths due to rhomboencephalitis (Lum et al,
1998; Ho et al, 1999; Huang et al, 1999). Most deaths
were in children under 5 years of age, and death re-
sulted from sudden cardiopulmonary collapse corre-
lated with infection of medullary neurons (Lum et al,
1998).

Both enterovirus 70 and 71 cause a polio-like ill-
ness when inoculated into monkeys (Kono et al, 1973;
Hasimoto and Hagiwara, 1983). Had these viruses
appeared in the 1950s, we might have classified
them as type 4 and 5 polioviruses, and the develop-
ment of vaccines would have been greatly impeded.

Enterovirus 70 evolved with a nonenteric mode of
transmission, a unique clinical presentation of hem-
orrhagic conjunctivitis and occasional flaccid paral-
ysis. Enterovirus 71 maintained the usual mode of
enteric spread, although the explosive outbreak on
Taiwan suggested possible respiratory transmission
(Ho et al, 1999). Classical enterovirus syndromes of
hand-foot-and-mouth disease and herpangina were
associated with the infection, and flaccid paralysis
appeared as a complication in specific epidemics. In
recent years, the virus in Asia appears to have ac-
quired a unique neurovirulence with lethal localiza-
tion to neurons in the pons, medulla, and spinal cord.

Viruses with multipartite genomes can reassort
forming new viruses. New influenza viruses peri-
odically appear; and the frequencies of neurologi-
cal complications, whether Reye’s disease, postin-
fluenzal encephalomyelitis, or encephalitis, do seem
to change with these antigenic shifts. The Asian in-
fluenza of 1957, a reassortment of duck and human
segments, appeared to cause higher rates of neuro-
logical complications, although no specific syndrome
predominated (Johnson, 1996).

Entry of virus into new host or environment
Most emerging infections represent penetration of
an agent across previous host barriers or into a
new geographic area. The most dramatic example is
the spread of a primate lentivirus into humans, the
evolution of HIV, and then the devastating world-
wide spread among humans by sexual contacts and
the use of unsterile needles. Bovine spongiform en-
cephalopathy is a prion disease in which there was
unforeseen contamination of the food chain; the re-
cycling of cattle carcasses via the rendering process
amplified the infections to cause an epidemic of hun-
dreds of thousands of cattle with ultimate transmis-
sion to humans.

Some viruses emerge from human trespasses into
the natural habitat of the virus. Guanarito virus
appeared among agricultural workers in central
Venezuela. Primary forests had been cleared for farm-
ing, which put workers in contact with the excreta
of rodents that harbored the arenavirus (Salas et al,
1991). The unidentified natural hosts of Ebola virus
appear to live in the African forests. Humans infected
in the forests return to their villages, where this virus
can spread to other humans by contact with blood,
secretions, and semen.

During the past 5 years, two fascinating dramas of
emerging viruses have been played out in the United
States with the invasion of West Nile virus and in
Southeast Asia with Nipah virus crossing species bar-
riers and causing epidemic human disease.

West Nile virus encephalitis in the
United States

On August 23, 1999, a physician called the New York
City Department of Health to report two patients with
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apparent neurological infections with severe weak-
ness. She reported two similar cases later in the
week, and at week’s end an investigation of hospi-
tal records uncovered eight cases of encephalitis liv-
ing in a 4× 4-mile area of North Queens. The patients
were from 58 to 87 years of age. No common exposure
could be found, and no illnesses in the households
were reported. All, however, had spent evening hours
outdoors in activities such as gardening or smoking
on the porch. These features suggested a mosquito-
borne virus, and mosquito larvae were found in open
containers, old tires, and a partially drained swim-
ming pool in the neighborhood (Fine and Layton,
2001). On the basis of preliminary serology, a diag-
nosis was made of St Louis encephalitis virus infec-
tion, a virus previously unknown in New York City.
On September 2, the city began mosquito control—a
remarkably quick response.

In a seemingly unrelated incident in earlier August,
bird deaths, particularly crows, had been reported in
the Bronx, and a number of exotic birds died in the
Bronx zoo. Pathological studies showed encephalitis
(Steele et al, 2000). Virus was recovered and subse-
quently identified as West Nile virus, a virus never
before recovered from natural infections in the West-
ern Hemisphere. Reevaluation of the human cases es-
tablished that they, too, were due to West Nile virus.
Reexamination of sera from patients with encephali-
tis over the prior 3 years showed no evidence of West
Nile virus–specific antibody, indicating that the virus
had not been circulating unrecognized in previous
years (Gubler et al, 2000). West Nile probably had
been imported into the United States in 1999.

By the end of mosquito season, 62 illness had been
related to West Nile virus, including 7 fatal cases of
encephalitis. Subsequent serosurveys in the Queens
showed that less than 1% of those infected with West
Nile virus developed encephalitis (Mostashari et al,
2001). The virus was found in a variety of species
of mosquitos, but Culex pipiens appeared to be the
prime vector; a variety of infected birds and mam-
mals were found in New York, New Jersey, and Con-
necticut. A solitary dead infected crow turned up on
a main street in Baltimore.

The sequences of the recovered viruses indicate a
single origin with closest similarity to a 1998 isolate
from a goose in Israel (Lanciotti et al, 1999). How the
virus traveled to New York is unknown; but a hu-
man, bird, and mosquito vector has been posited. A
viremic traveler is unlikely, because human viremia
is brief and of low level. Intentional introduction by
a bioterrorist is even less probable, because the likeli-
hood of the virus becoming established and overwin-
tering was remote. A bird may have carried the virus
across the Atlantic. Few migratory pathways cross
the ocean, but storms occasionally blow birds across,
and some birds, particularly pigeons, a known host,
hitch rides on freighters. Smuggling of birds is com-
mon, and a viremic bird from the Middle East may
well have entered in a tourist’s purse. The most likely

vector is a mosquito. Mosquitoes often ride on inter-
continental flights in the overhead bins, and a single
persistently infected mosquito landing at Kennedy
Airport and taking a blood meal from a local bird
may have begun the drama.

In September 1999, a prominent question was,
“Could the virus overwinter?” As cold weather ar-
rived and mosquito activity ceased, a hunt for dor-
mant mosquitos began in the New York sewers, sub-
ways, and abandoned buildings. In midwinter, West
Nile virus was recovered from a pool of mosquitos
found on the walls of old Fort Totten (Nasci et al,
2001). Strangely, in February, virus was recovered
from a red-tailed hawk in Westchester County; this
was long after mosquito activity and raised the novel
idea of prey to predator transmission (Garmendia
et al, 2000). Whatever the mechanism, West Nile
virus successfully overwintered in the inhospitable
New York climate.

In 2000, the outbreak began in Staten Island, but
by fall only 21 patients in the three initial states had
developed encephalitis with only 2 deaths (Centers
for Disease Control and Prevention [CDC], 2000). Al-
though the morbidity had diminished, monitoring
of mosquito and bird populations showed that the
virus had spread over 12 East Coast states from North
Carolina to New Hampshire. In 2001, the first case of
encephalitis was in Georgia, and the woman died. By
the end of the season, 64 cases of meningitis and en-
cephalitis were reported, with the largest numbers in
Florida, New Jersey, and New York; 9 patients died.
The virus was found in 27 states and the District of
Columbia; it was found in Canada and the Cayman
Islands and crossed the Mississippi River. Fatal en-
cephalitis in horses occurred over a large area, and an
equine vaccine was granted conditional liscensure.
Crows remained the major sentinel animal, with their
deaths heralding the virus spread. Over 80 species of
birds and 27 species of mosquitos had tested positive
for West Nile virus (CDC, 2002a).

In 2002, the first human cases were reported in
Louisiana on the leading edge of the spread, and they
ominously occurred early in the summer. This por-
tended a major epidemic year. The virus spread to
the Continental Divide and beyond. By October, 16
over 3000 cases of West Nile virus infection were re-
ported in the United States with 153 deaths. Human
disease was reported from 39 states with Illinois,
Michigan, Ohio, and Louisiana being hardest hit.
Three provinces of Canada had reported 96 cases of
encephalitis with one death. Over 6000 infections of
horses also were reported (CDC, 2002b).

Despite the lack of virus activity in California de-
tected by mosquito and bird monitoring, a woman
residing near Los Angeles airport developed West
Nile virus encephalitis, presumably from an errant
mosquito coming in by air or truck. In September,
2002, a dead raven in Washington state proved posi-
tive, completing the natural spread from coast to coast
in just over 3 years. An odd footnote to this 2002
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pandemic related several infections to organ trans-
plantations and blood transfusions and a putative
transmission by breast feeding (CDC, 2002b).

Clinical disease and pathology
The human incubation period is 2 to 14 days. One
in five persons infected develop a mild febrile illness
with malaise, headache, and lymphadenopathy, and
about half of these have a roseolar or maculopapular
rash. About 1 in 150 of those infected develop menin-
gitis or encephalitis, and these neurological compli-
cations are more frequent and severe in persons over
50 years of age.

With neurological involvement, severe muscle
weakness is common and was a feature that called
attention to the index cases in Queens. It also has
been a predictor of fatal outcome (Nash et al, 2001).
In some cases, symmetrical flaccid paralysis with
areflexia has led to the diagnosis of Guillian-Barré
syndrome (acute demyelinating polyneuritis). Recent
reports of marked asymmetry or segmental distribu-
tion of flaccid paralysis and careful electrodiagnostic
studies have localized the disorder to anterior horn
cell disease similar to paralytic poliomyelitis (CDC,
2002b; Leis et al, 2002; Glass et al, 2002). Similar flac-
cid paralysis has been noted with human infections
with a related virus, Japanese encephalitis virus, and
with tick-borne flaviviruses (Johnson, 1990).

Acute pancreatitis and hepatitis have been de-
scribed in fatal cases of West Nile infections in Africa.
In US cases, abnormalities have been restricted to
the nervous system. In fatal cases, the brain may be
swollen and congested, but herniation is rare. Macro-
scopic examination of the brain shows classic signs
of encephalitis, with perivascular mononuclear cell
inflammation, microglial nodules, neuronal necrosis,
and neuronophagia. Infiltration of inflammatory cells
in the cranial roots are described, but autopsy de-
scriptions of spinal cord and peripheral nerves are
lacking. Viral antigen is seen primarily in neurons
(Shieh et al, 2000).

Changes in virulence
West Nile virus was first recovered in 1937 from the
blood of a febrile woman in the West Nile province
of Uganda. The initial report described the virus
as “neurotropic” because of its properties in mice,
not because of any neurological disease in humans
(Smithburn et al, 1940). The virus was subsequently
recovered in Sudan and Egypt from the blood of
febrile children with dengue-like illnesses (Melnick
et al, 1951), and the natural cycle of birds and
mosquitos was established with humans as a dead
end host (Work et al, 1955). In the early 1950s, epi-
demics occurred in Israel, and the association of
fever with viremia and demonstrations of antibody
responses convincingly linked West Nile virus with
febrile illnesses (Marberg et al, 1956). In these epi-
demics, a few patients had headache, nuchal rigidity,

and a pleocytosis relating the virus to benign menin-
gitis, but no cases of encephalitis were recorded.

Ironically, the first documentation of human en-
cephalitis caused by West Nile virus was in New York
City in 1952. At the Sloan-Kettering Institute, 95 de-
bilitated patients with advanced cancer were inocu-
lated with an Egyptian strain on the premise that this
benign virus might have an oncolytic effect. Nine of
these patients developed encephalitis, virus was re-
covered from the spinal fluid of three, and an autopsy
on one showed classical encephalitis (Southern and
Moore, 1954).

In the 1960s, small numbers of patients with en-
cephalitis were reported in Israel, India, and South-
ern Europe (Pruznaski and Altman, 1962; George
et al, 1984; Hubalek and Halouzka, 1999). In 1994
in Algeria, an outbreak with 50 illnesses included
20 cases of encephalitis with 8 fatalities; this appears
to present a change in epidemiology and neuroviru-
lence (Le Guenno et al, 1996). In 1996, the first large
epidemic of West Nile virus encephalitis occurred.
That summer in Bucharest, Romania, over 800 pa-
tients were admitted to hospitals with central ner-
vous system infections; 80% were confirmed as West
Nile virus infections and 10% of patients died (Tsai
et al, 1998). In 1999, a similar epidemic occurred
in Volgograd, Russia, with over 800 patients and
40 deaths (Platonov et al, 2001). A recent outbreak in
Israel in 2000 showed more severe disease, a higher
rate of nervous system involvement, and higher mor-
bidity in the elderly than in prior epidemics (Chowers
et al, 2001). Although reports from Central Africa re-
port the emergence of hepatotropic strains causing a
yellow fever-like illnesses (Georges et al, 1987), in the
Middle East, Eastern Europe, and the United States,
the appearance of epidemic encephalitis suggests the
evolution of more neurovirulent strains of West Nile
virus (Johnson and Irani, 2002).

Nipah virus encephalitis

On September 29, 1998, cases of encephalitis were
reported near Ipoh, Malaysia, primarily among pig
farmers and their families. The initial speculation
was that encephalitis was due to Japanese encephali-
tis virus, an arbovirus endemic in the area and known
to infect piglets as an important amplifying host. Sev-
eral epidemiological features, however, caused this
conclusion to be suspect: (1) The patients were pri-
marily adults, whereas children usually predominate
in Japanese encephalitis outbreaks. (2) Household
clusters of disease were seen, which is rare with ar-
boviral infections. (3) A high percentage of patients
had contact with pigs, and many of the pigs were ill
with respiratory disease; Japanese encephalitis virus
does not cause clinical disease in pigs, and humans
with encephalitis usually do not report direct contact
with swine. (4) A number of the patients had been im-
munized with Japanese encephalitis virus vaccine.
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Despite these questions, spraying and other methods
of mosquito control were initiated.

In February, similar disease in pigs and humans ap-
peared in two other sites further to the south, and this
followed the transport of large numbers of pigs from
Ipoh (CDC, 1999a, 1999b). In March, a small but in-
formative outbreak occurred in Singapore. Singapore
has no pig farms and only two abattoirs; the outbreak
involved 11 employees of one of the abattoirs, all
of whom had direct contact with pigs or their vis-
cera. No other employees, no family members, and
no medical personnel caring for the patients devel-
oped disease. This established the transmission from
pigs and the lack of human to human transmission
(Lee et al, 1999). The outbreak in Singapore ended
when the abattoirs were closed, and importation of
pigs from Malaysia was prohibited. The outbreaks in
Malaysia ceased in April, but only after 1 million
pigs had been culled from the outbreak zones and
surrounding area and all internal transportation of
pigs was banned. By April, 265 cases of encephalitis,
including 105 deaths, had been associated with the
outbreaks in Malaysia (Chua et al, 2000a).

In March 1999, a virus was recovered from spinal
fluid of three fatal human cases (Chua et al, 1999).
This proved to be a newly recognized virus with
characteristics of the family Paramyxoviridae. These
viruses are not arthropod-borne but are spread by res-
piratory routes. The virus was in the respiratory tracts
of pigs, and antibodies were found convalescent hu-
man sera and in the sera of swine, dogs, cats, horses,
and bats.

Clinical disease and pathology
The incubation period appears to be about 2 weeks,
with over 90% of patients giving a history of con-
tact with pigs at that time. Patients present with
fever, headache, dizziness, vomiting, and reduced
consciousness. The distinctive features were the focal
clinical signs, with segmental myoclonus, cerebellar
ataxia, and prominent signs of brainstem and cervi-
cal cord involvement. The spinal fluid was striking
with cell counts up to 1000 and protein contents up
to 400 mg % (Goh et al, 2000; Li et al, 1999). The
most characteristic finding, however, was the mag-
netic resonance imaging that showed multiple, small
(less the 2 cm), high signal densities within the white
matter on T-2 weighted images (Lim et al, 2002).

About one third of patients had an ingraves-
cent course to death. Recovery of virus from spinal
fluid was associated with high mortality (Chua
et al, 2000b). Autopsy studies showed a widespread
vasculitis, with the central nervous system being
most severely affected. Small vessels were often oc-
cluded, giving multiple areas of infarction. Endothe-
lial syncytial formation was sometimes observed.
Intranuclear and cytoplasmic inclusions were seen
in endothelial cells and neurons, indicating both a
direct neuronal infection and an endothelial infec-
tions giving rise to vascular occlusions and infarc-

tions (Wong, 2000). Viral antigen was prominent in
neurons.

Another unique feature of this encephalitis is its
tendency to relapse. In a 2-year follow-up after the
1998–1999 outbreaks, 7.5% of patients who had re-
covered from encephalitis had had a relapse, with
acute onset of fever and signs of encephalitis; 3.4%
of patients who had been infected but had not had
encephalitis developed signs of encephalitis. Four
of the patients who developed recurrent or late on-
set encephalitis died, and autopsies on two showed
changes of focal encephalitis and virus antigen in
brain. Perivenular demyelination characteristic of
postinfectious encephalomyelitis was not seen (Tan
et al, 2002).

Nature and origins of Nipah virus
Studies of antigenicity and sequences of Nipah virus
show it is closely relate to Hendra virus and only dis-
tantly related to measles and other paramyxoviruses
(Harcourt et al, 2000). Nipah and Hendra viruses now
comprise a new genus of paramyxoviruses.

Hendra virus was first recognized in Queensland,
Australia, in 1994 after an outbreak of respiratory
disease in race horses and their human handlers;
14 horses and one trainer died (Murray et al, 1995).
In an independent episode over 1000 km north, two
horses and a farmer died; but in this instance the
farmer initially had only a brief meningitic illness
and then 13 months later developed fatal encephali-
tis (O’Sullivan et al, 1997).

Hendra virus has a wide host range on exper-
imental infection, but seroepidemiological studies
have suggested that the natural host is the large fruit
bat (flying fox). Acting on this foreknowledge about
Hendra virus, Nipah was promptly shown to infect
fruit bats. Indeed, at the farm associated with the in-
dex cases, the pig pens are only partially roofed and
fruit trees overhang the open areas of the pens. Fruit
bats in these trees drop partially eaten fruit, which
was scavenged by the pigs; the bats also urinated on
the pigs. Nipah virus has been recovered from the
saliva on partially eaten fruit and from urine of the
Island flying foxes (Chua et al, 2002).

Emergence of Nipah encephalitis appears to have
occurred with crossing of two species barriers by
saliva or urine from bats to pigs and by respira-
tory route from pigs to humans. Similar breaching of
species barriers are likely to explain other explosive
outbreaks of human encephalitis, such as the one that
caused panic in Siliguri, North Bengal, in February
2001 (Haldar et al, 2001).

Discussion

In the Institute of Medicine report on emerging in-
fectious diseases, six factors were identified that
shape emergence: human demographics and behav-
ior, technology and industry, economic development
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and land use, international travel and commerce,
microbial adaptation and change, and breakdown
of public health measures (Lederberg et al, 1992).
Most of these depend on human activities. The bur-
geoning population provides a greater pool for viral
mutations, a larger population to provide suscepti-
bles, and greater interaction with natural viral habi-
tats. Increased speed and scope of movement of hu-
mans also are major factors; 150 years ago a round
the world trip took a year, now we can circle the
globe in 24 hours. Every viral infection in the world
can be in your living room within one incubation
period. The amount of human traveling is stagger-
ing; more than 500 million persons cross interna-
tional boundaries on commercial aircraft each year,
about 70 million work legally or illegally in other
countries, and 50 million are refugees or displaced
persons (Wilson, 1995). The opportunity to trans-
port infectious agents or their vectors increases every
year.

Since emerging infections are often related to hu-
man activities, some have implied that they have
arisen from human wickedness. The spread of
HIV and type 2 herpes simplex virus with greater
sexual licence, the spread of zoonotic agents with de-
forestation, and the epidemic of bovine spongiform
encephalopathy by the unnatural feeding of bovine
meat and bone meal to calves have strengthened
this judgmental position. Unfortunately this leads to
the assumption that emerging diseases can be pre-
vented by political or environmental “correctness.”
In fact, many good and generous activities can be
exploited by viruses (Table 2). Day care and early
schooling of children have enhanced the spread of en-
teroviruses and facilitated early exposure to measles
and other diseases. Travel and recreational activities
have increased exposure to rabies, arboviruses, and
other zoonotic infections. Irrigation in California and
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