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Introduction
W est N ile virus is a flavivirus. The prototype of this fam ily
of arthropod-borne viruses (arboviruses) is yellow fever
virus, hence the nam e flavi (Latin for yellow). W est N ile
virus has been regarded as the African and M iddle Eastern
m em ber of an antigenically related com plex of flaviviruses,
including Japanese encephalitis virus (Asia), St. Louis
encephalitis virus (N orth Am erica), and M urray Valley
encephalitis virus (Australia).

D uring the sum m er of 1999, W est N ile virus abruptly
appeared in birds and hum ans in the United States. N ew
York City was the focus of patients with encephalitis, but
infections of m osquitoes and birds were also found in neigh-
boring New Jersey and Connecticut. To the surprise of som e
observers, the virus survived the winter. In the sum m er of
2000, infections spread along the North Atlantic seaboard to
12 states. By the end of the m osquito season in 2001 the
virus had been found in 27 states, extending south to Florida,
west across the M ississippi River to Iowa, M issouri, and
Arkansas, and north into Canada.

The em ergence of W est N ile virus in the W estern hem i-
sphere provides a dram atic exam ple of transport of a virus
into a new ecosystem . The history of clinical disease due to
W est N ile virus first in Africa, then the M iddle East and
Asia, and recently in Europe suggests not only a change in
the epidem iology of the virus, but also the evolution of
m ore neurovirulent strains of the virus. The rem arkable

range of susceptible m osquito vectors and the wide range
of warm -blooded avian and m am m alian hosts m ake sup-
pression of the zoonosis problem atic.

African O rigin
W est N ile virus was originally isolated in 1937 from  the
blood of a febrile wom an in the W est N ile province of
Uganda [1]. Investigators from  the Rockefeller Foundation
and the U S N avy Research U nit in Cairo, Egypt subse-
quently showed serologic evidence of widespread infection
of children in Egypt and Sudan and established that the
virus in northern Africa cycled between a variety of species
of birds, including crows, pigeons, sparrows, and herons,
and several species of Culex m osquitoes [2]. Virus was
recovered from  the blood of children with m inor febrile ill-
nesses, but a clear association with disease was lacking [3].

In the 1950s, W est Nile virus was linked definitively to
disease during epidem ics of dengue-like illnesses in Israel.
The acute febrile illness was often accom panied by lym -
phadenopathy and rash. Virus was recovered from  blood
during the acute phase, and developm ent of antibody was
dem onstrated during convalescence. O ccasional patients
were noted to have nuchal rigidity, and a spinal fluid pleo-
cytosis in these patients docum ented m eningitis as a com -
plication of W est N ile fever [4]. Frank encephalitis,
however, was not recorded in Israel until the 1960s [5].

In an ironic twist in history, the first docum ented cases
of severe encephalitis due to W est N ile virus were not in
Africa or the M iddle East, but in N ew York City in 1952.
They resulted from  experim ental, not natural, infection. At
the Sloan-Kettering Institute, Southam  and M oore [6] inoc-
ulated 95 cancer patients with the Egypt 101 strain of W est
N ile virus based on their hypothesis that this agent m ight
have selective cytolytic effects on rapidly replicating neo-
plastic cells. N ine of these patients developed signs of
encephalitis, virus was recovered from  spinal fluid of three,
and an autopsy showed that encephalitis m ay have con-
tributed to one patient's death.

Spread to Asia and Europe
W est Nile virus was related to occasional febrile illnesses in
India during the 1960s and 1970s. In 1984, three fatal
cases of childhood encephalitis were reported with virus
recovery from  brain [7]. D uring the sam e decades, sporadic

W est N ile virus appeared in N ew York City in 1999 and has 
subsequently spread over the eastern United States. The 
mode of transport across the Atlantic O cean is unknown. 
During the past decade, encephalitis has been a more 
prominent feature of W est N ile virus infection in Europe, 
the M iddle East, and the United States, suggesting the 
emergence of more neurovirulent strains. The rapid spread 
of the virus and more serious disease caused by the virus 
have spurred vaccine development.
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cases and sm all outbreaks of W est N ile fever with occa-
sional cases of encephalitis were reported in and around
the M editerranean basin and in Eastern Europe [8]. An
outbreak in Algeria in 1994 involved 50 illnesses, includ-
ing 20 cases of encephalitis with eight fatalities, prim arily
in children [9]. This heralded a m ajor change in the epide-
m iology and neurovirulence of the virus.

The first big epidem ic occurred near Bucharest, Rom a-
nia in the sum m er and early autum n of 1996. O ver 800
patients were adm itted to hospitals with apparent nervous
system  infections; of those who had appropriate serologic
studies, 80%  were confirm ed as having W est N ile virus
infections. The case-fatality rate was alm ost 10%  [10].
M onitoring from  1997 through 2000 uncovered only 39
cases of W est N ile fever in the greater D anube valley of
southern Rom ania; the virus has persisted, but for unex-
plained reasons epidem ic disease has not recurred [11]. In
1999, a sim ilar m ajor epidem ic occurred in Volgograd,
Russia, with over 800 adm issions to hospitals for nervous
system  infections; 84 cases were classified as severe enceph-
alitis and 40 patients died [12].

In the year 2000, epidem ic W est N ile fever recurred in
Israel. O ver 300 patients were hospitalized, over 70%  had
central nervous system  involvem ent, and 35 died [13]. In
contrast with previous outbreaks in Israel, this one was asso-
ciated with m ore severe disease, a higher rate of nervous sys-
tem  involvem ent, and higher m orbidity in the elderly [14].

Arrival in the United States
D uring the last week of August, 1999, the N ew York City
D epartm ent of H ealth received several inquiries about
encephalitis and paralytic disease in the borough of
Q ueens. O n August 29, an investigation of hospital adm is-
sions in north Q ueens identified eight cases of encephalitis
originating from  a 16-square-m ile area. The patients
ranged from  58 to 87 years of age; no com m on exposure
was uncovered, and there were no reported illnesses in
fam ily m em bers. All patients, however, had spent evening
hours in outdoor activities, such as gardening or sm oking
on the porch. These factors suggested a m osquito-borne
disease, and m osquito larvae of Culex species were found
in old tires, rain barrels, and a partially excavated pool in
the neighborhood. O n Septem ber 2, the State H ealth
D epartm ent reported serologic results on patients suggest-
ing infection with St. Louis encephalitis virus. W ithin the
week, education and m osquito control program s were
begun [15••,16•].

Also in August, a seem ingly unrelated disease outbreak
was noted in the Bronx involving deaths of crows and a
num ber of exotic birds at the Bronx zoo. Because St. Louis
encephalitis outbreaks are not accom panied by deaths of
the avian hosts, no connection was obvious, even though
the dead birds had encephalitis on pathologic exam ination
[17]. A virus was recovered from  birds sent to the N ational
Veterinary Services Laboratory, and the virus was subse-

quently identified as W est N ile virus [18]. This led to a re-
exam ination of the hum an encephalitis outbreak. Virus
isolates from  patients and m ore specific serologic studies
both showed that the hum an encephalitis outbreak was
indeed caused by W est N ile virus and not the serologically
cross-reactive St. Louis encephalitis virus. Archived serum
specim ens from  geographically scattered cases of St Louis
encephalitis from  the prior 3 years were re-exam ined and
these studies confirm ed that all were St Louis encephalitis
virus infections [19•]. W est N ile virus had not gone unde-
tected in previous years, but had indeed arrived in 1999.

D uring the 8 weeks of the N ew  York City outbreak
(August 2 to Septem ber 24), 59 patients were hospitalized
with W est Nile virus infections and seven died [16•].

In O ctober, a household-based seroepidem iologic sur-
vey indicated that between 2%  and 6%  of people in the
outbreak epicenter had been infected. Recent febrile ill-
nesses were reported by seropositive persons 20%  m ore
frequently than by seronegative persons, suggesting that
several thousand persons m ay have had sym ptom atic
infection. Based on these data, less than 1%  of those
infected had developed encephalitis [20].

Virus was recovered from  a variety of species of m os-
quitoes and birds, but the m osquito Culex pipiens
appeared to be the principal vector, and crows, bluejays,
and m any other birds appeared to be the prim ary verte-
brate and am plifying hosts. A num ber of equine illnesses
and deaths were reported but they were late in the epi-
dem ic, suggesting that horses, like hum ans, are dead-end
hosts [21]. Bats, raccoons, cats, chipm unks, and other
m am m als have been found w ith antibodies, but are
thought to represent incidental hosts.

O verwintering and Subsequent Spread
Som e observers assum ed that the first frost would end the
N orth Am erican incursion of W est N ile virus, unless it
could spread sufficiently far to the south. But surprisingly,
searches of the New York sewers, subways, and old historic
sites turned up inactive m osquitoes, and in m idwinter
W est N ile virus was recovered from  m osquitoes found on
the walls of old Fort Totten in Q ueens [22]. An alternate
m ode of overwintering was suggested when the virus was
recovered in February from  a dead red-tailed haw k in
W estchester County, at a tim e and place where no m os-
quito should be feeding. This finding raised the unortho-
dox idea of prey-to-predator transm ission [23]. W hatever
the m echanism , W est N ile virus successfully overwintered
in the inhospitable New York clim ate.

Staten Island was the center of the outbreak in 2000.
By autum n of 2000, 21 patients in N ew York, N ew Jersey,
and Connecticut had been reported with W est N ile virus
encephalitis, but only two died. Although the num ber of
patients was dim inished, the area of virus activity spread
over a 12-state area, from  N ew  H am pshire to N orth
Carolina [24].



498 Infection
The first epidem iologic observations in 2001 were
om inous. The first case was in Georgia, far to the south
of prior spread, and the wom an died. H um an surveil-
lance identified 48 cases of encephalitis or m eningitis,
with the largest num bers in N ew York and Florida. By the
end of the season in 2001, the virus had been recovered
in 27 states and the D istrict of Colum bia (Fig. 1). It had
spread north to Canada, south to Florida and the Cay-
m an Islands, and west across the M ississippi to Arkansas,
Iowa, and M issouri. Although crows rem ained the m ost
im portant sentinel bird, with their deaths heralding the
virus spread, over 80 species of birds and 22 species of
m osquitoes have been show n to be infected. In 2002,
W est N ile virus has continued to spread, with all 41 states
east of the Continental D ivide and four Canadian prov-
inces reporting the virus in anim als or hum ans by Sep-
tem ber 1. The greatest concentration of hum an disease
has been in Louisiana, M ississippi, Texas, and Illinois,
w ith over 400 cases of illness and 20 deaths from
encephalitis across the country. W est N ile virus seem s
solidly established in N orth Am erica, and its spread to
the W est Coast and South Am erica over the next few
years seem s inevitable [25].

H ow Did It Cross the Atlantic O cean?
Arboviruses are geographically restricted by the regional
distribution of vectors and natural hosts [26]. For exam ple,
Colorado tick fever virus is transm itted only by D erm a-
center andersoni, the Rocky M ountain wood tick, so infec-
tions are restricted to the Rocky M ountain region. O n
occasion, arboviruses are transported into a new area. In
1957, a tick-bone virus appeared abruptly in the Kyasanur
Forest of M ysore State in India. This virus proved to be
related to Russian Spring-Sum m er encephalitis virus of

Siberia. This rem arkable transposition was accredited to
ticks riding on m igratory birds that crossed the H im alayas.

Transatlantic transport of an African arbovirus is
believed to have happened in the 17th century, when yel-
low fever virus and possibly it vector, Aedes aegypti, cam e to
the Am ericas from  Africa [27]. It has been postulated that
the virus and m osquito cam e on sailing ships of the slave
trade, with larvae breeding in the tubs of water and virus
being cycled between m osquitoes and sailors and slaves.
The speed and frequency of m odern transportation m ake
such a com plex scenario unnecessary. The nucleic acid
sequence sim ilarity of all North Am erican isolates suggests
a com m on origin [28], so it is assum ed that W est Nile virus
in the W estern H em isphere was transported in 1999 by a
single person, bird, or m osquito.

M odern airline travel allows any tropical virus to be in
anyone's hom etow n w ithin the preclinical incubation
period. N evertheless, in contrast with yellow fever virus,
W est N ile virus does not produce a prolonged or high
titered virem ia in hum ans, so hum ans are an unlikely
source of subsequent arthropod infection. Intentional
hum an transport as an act of terrorism  has been posited,
but W est N ile virus, with its com plex ecology, would not
seem  a weapon of choice [15••].

A bird could have transported the virus. Few m igration
pathways cross the Atlantic, but European birds are occa-
sionally blown across in storm s [29]. Pigeons, known to be
susceptible hosts, do ride across on freighters, where they
are fed by the crews. A sm uggled bird is m ore likely. All
birds in the Bronx zoo had undergone long quarantines,
but there is a sizable traffic in exotic, undeclared birds.

The likeliest courier of W est N ile virus is a m osquito.
Jet planes arriving from  overseas often have viable m osqui-
toes in the overhead bins. The sequence of the Am erican
isolates is m ost closely related to that of an Israeli isolate

Figure 1. Spread of West Nile virus in the 
United States from 1999 to 2001.
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from  a dead goose in 1998 (99.8%  identity m atch) [30•].
An infected fem ale m osquito, after a brief flight on an
international jet, m ay have found a crow at Kennedy air-
port in New York City and started the whole scenario.

Clinical Signs and Neurovirulence
W est N ile virus disease is m ore severe and life threatening
in the elderly, a phenom enon long recognized with the
related St. Louis encephalitis virus. In N ew York, 88%  of
those hospitalized were at least 50 years of age [16•]. The
m ajority of infections are asym ptom atic or characterized
by a few days of fever, headache, m yalgia, and arthralgias. A
m aculopapular or roseolar rash m ay be seen.

The neurologic com plications seen in the United States
have been characterized by a predilection to involve the
brainstem  and spinal cord. Flaccid paralysis resem bling
poliom yelitis or G uillain-Barré syndrom e has been
described, as well as hyporeflexia and urinary retention
[16•,31]. Electrom yography has shown decreased m otor
am plitudes, suggesting m otor axonopathy [32]. N euro-
pathologic studies showed intense inflam m ation, m icro-
glial nodules, neuronal necrosis, and neuronophagia,
particularly in the brainstem , with associated inflam m a-
tion within cranial nerves [33].

The recent experiences in the M iddle East, Rom ania,
Russia, and the United States suggest the evolution of new,
m ore virulent W est Nile strains associated with higher rates
of serious neurologic infection and hum an m ortality, as well
as higher m ortality in birds and horses [25,34]. The W est
Nile fever originally recognized in North and East Africa was
a dengue-like disease prim arily of children. Possibly, wide-
spread childhood infection gave rise to im m unity in adult-
hood, w here infections are fraught w ith neurologic
com plications. Yet in a m ajor South African epidem ic, the
lack of neurologic com plications was notable [35]. In Cen-
tral Africa, a yellow fever-like illness with fulm inant fatal
hepatitis has been described, further supporting the idea
that different strains with varied tissue tropism s are circulat-
ing in different regions of the world [36].

D iagnosis and Treatm ent
D iagnosis can be m ade by detecting W est N ile-specific
im m unoglobulin M  (IgM ) in serum  or cerebrospinal fluid
using an IgM -capture enzym e-linked im m unosorbent
assay. Alternatively, a fourfold or greater increase in IgG
can be shown between the acute and convalescent phase of
illness. Real-tim e polym erase chain reaction testing for
W est N ile sequences have also been used for diagnosis
[16•,19•,37].

Treatm ent involves supportive care. N o drug has
proved effective against any flavivirus infection, although
ribavirin does inhibit W est Nile virus replication in cell cul-
tures [38]. Steroids m ay aid in the control of brain edem a,

but a placebo-controlled study of high-dose dexam etha-
sone in Japanese encephalitis showed no beneficial or
adverse effect on clinical course or m ortality [39].

Prevention
Vector control by clearing stagnant urban water, spraying,
screening, repellent use, and protective clothing has som e
benefit at the tim e of outbreaks. Because W est N ile virus
has a wide variety of com petent vectors, disease control
sim ilar to the clearance of yellow fever in Cuba by Aedes
aegypti eradication would not be fully effective. Vaccine
developm ent is the reasonable long-term  solution.

Effective vaccines have been developed and widely
used against other flaviviruses, including yellow fever, Japa-
nese encephalitis virus, and tick-borne encephalitis virus.
The current risk-benefit ratios m ay not yet justify the devel-
opm ent of a vaccine against W est Nile virus. H owever, with
the increasing geographic spread and the potential of huge
outbreaks with m any fatalities as in Rom ania and Russia,
developm ent of vaccines seem s prudent.

Inactivated and subunit vaccines are easy to develop,
have a reasonable safety record, and can be used in hum ans
and anim als. The m ain disadvantage of these vaccines is the
need for m ultiple doses to elicit and sustain an effective
im m une response. Their use to control an im pending out-
break is lim ited. D N A vaccines have the theoretical advan-
tage of sim ple developm ent, and a W est N ile D N A vaccine
has already been tested in horses and m ice [40]. Their effec-
tiveness in species other than m ice have been lim ited, and
the regulatory concerns, m ode of adm inistration, possible
need for adjuvants, and other problem s will slow develop-
m ent of a hum an DNA vaccine. Live vaccines sim ilar to yel-
low fever vaccine can provide rapid, long-term  protection
after a single injection [41••]. Chim eric live virus vaccines
incorporating the envelope protein genes for W est Nile virus
into yellow fever 17D vaccine virus [41••] and into dengue
virus [42] are being tested.

Conclusions
As W est N ile virus spreads across the W estern hem isphere,
both its distribution and virulence need to be carefully
m onitored. The m orbidity and m ortality caused by this
infection are still m odest in the U nited States, but the
potential to be a m ajor public health threat is real.
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	During the summer of 1999, West Nile virus abruptly appeared in birds and humans in the United St...
	The emergence of West Nile virus in the Western hemisphere provides a dramatic example of transpo...
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	West Nile virus was originally isolated in 1937 from the blood of a febrile woman in the West Nil...
	In the 1950s, West Nile virus was linked definitively to disease during epidemics of dengue-like ...
	In an ironic twist in history, the first documented cases of severe encephalitis due to West Nile...

	Spread to Asia and Europe
	Spread to Asia and Europe
	West Nile virus was related to occasional febrile illnesses in India during the 1960s and 1970s. ...
	The first big epidemic occurred near Bucharest, Romania in the summer and early autumn of 1996. O...
	In the year 2000, epidemic West Nile fever recurred in Israel. Over 300 patients were hospitalize...

	Arrival in the United States
	Arrival in the United States
	During the last week of August, 1999, the New York City Department of Health received several inq...
	Also in August, a seemingly unrelated disease outbreak was noted in the Bronx involving deaths of...
	During the 8 weeks of the New York City outbreak (August 2 to September 24), 59 patients were hos...
	In October, a household-based seroepidemiologic survey indicated that between 2% and 6% of people...
	Virus was recovered from a variety of species of mosquitoes and birds, but the mosquito
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	Overwintering and Subsequent Spread
	Some observers assumed that the first frost would end the North American incursion of West Nile v...
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	Figure 1.� Spread of West Nile virus in the United States from 1999 to 2001.
	Figure 1.� Spread of West Nile virus in the United States from 1999 to 2001.




	Staten Island was the center of the outbreak in 2000. By autumn of 2000, 21 patients in New York,...
	The first epidemiologic observations in 2001 were ominous. The first case was in Georgia, far to ...

	How Did It Cross the Atlantic Ocean?
	How Did It Cross the Atlantic Ocean?
	Arboviruses are geographically restricted by the regional distribution of vectors and natural hos...
	Transatlantic transport of an African arbovirus is believed to have happened in the 17th century,...
	Modern airline travel allows any tropical virus to be in anyone's hometown within the preclinical...
	A bird could have transported the virus. Few migration pathways cross the Atlantic, but European ...
	The likeliest courier of West Nile virus is a mosquito. Jet planes arriving from overseas often h...

	Clinical Signs and Neurovirulence
	Clinical Signs and Neurovirulence
	West Nile virus disease is more severe and life threatening in the elderly, a phenomenon long rec...
	The neurologic complications seen in the United States have been characterized by a predilection ...
	The recent experiences in the Middle East, Romania, Russia, and the United States suggest the evo...

	Diagnosis and Treatment
	Diagnosis and Treatment
	Diagnosis can be made by detecting West Nile-specific immunoglobulin M (IgM) in serum or cerebros...
	Treatment involves supportive care. No drug has proved effective against any flavivirus infection...

	Prevention
	Prevention
	Vector control by clearing stagnant urban water, spraying, screening, repellent use, and protecti...
	Effective vaccines have been developed and widely used against other flaviviruses, including yell...
	Inactivated and subunit vaccines are easy to develop, have a reasonable safety record, and can be...
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	Conclusions
	As West Nile virus spreads across the Western hemisphere, both its distribution and virulence nee...
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