
West Nile virus meningoencephalitis

Roberta L. DeBiasi and
Associate professor with co-appointments in the Departments of Pediatrics and Neurology

Kenneth L. Tyler*

Reuler-Lewin Family Professor of Neurology and Professor of Medicine, Microbiology and
Immunology, at the University of Colorado Health Sciences Center, Denver, CO, USA

SUMMARY
Since its first appearance in the US in 1999, West Nile virus (WNV) has emerged as the most
common cause of epidemic meningoencephalitis in North America. In the 6 years following the
1999 outbreak, the geographic range and burden of the disease in birds, mosquitoes and humans
has greatly expanded to include the 48 contiguous US and 7 Canadian provinces, as well as
Mexico, the Caribbean islands and Colombia. WNV has shown an increasing propensity for
neuroinvasive disease over the past decade, with varied presentations including meningitis,
encephalitis and acute flaccid paralysis. Although neuroinvasive disease occurs in less than 1% of
infected individuals, it is associated with high mortality. From 1999–2005, more than 8,000 cases
of neuroinvasive WNV disease were reported in the US, resulting in over 780 deaths. In this
review, we discuss epidemiology, risk factors, clinical features, diagnosis and prognosis of WNV
meningoencephalitis, along with potential treatments.
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INTRODUCTION
West Nile virus (WNV) is an arthropod-borne flavivirus that was first isolated from the
blood of a febrile Ugandan woman in 1937. The virus was subsequently associated primarily
with epidemics of flu-like febrile illness—and sporadically with encephalitis—throughout
Africa, Asia and Europe. WNV had never been detected in North America before its first
appearance in the US in 1999, but in the six ensuing years, it has emerged as the most
common cause of epidemic meningoencephalitis in this region. In outbreaks occurring over
the past decade, WNV has shown an increasing propensity to cause neuro invasive disease,
including meningitis, encephalitis and acute flaccid paralysis (AFP). The largest epidemics
of neuroinvasive WNV ever reported occurred in the US in 2002 and 2003.

In this review, we first summarize the epidemiology and transmission of WNV since its
initial appearance in North America. We then review the salient clinical features of WNV
neuroinvasive disease, including meningitis, encephalitis and AFP syndrome. Laboratory

©2006 Nature Publishing Group
*Correspondence: University of Colorado Health Sciences Center, 4,200 East 9th Avenue Box B182 Neurology, Denver, CO 80262,
USA, ken.tyler@uchsc.edu.

Competing interests
KL Tyler declared competing interests; go to the article online for details.
RL DeBiasi declared she has no competing interests.

NIH Public Access
Author Manuscript
Nat Clin Pract Neurol. Author manuscript; available in PMC 2013 September 16.

Published in final edited form as:
Nat Clin Pract Neurol. 2006 May ; 2(5): 264–275. doi:10.1038/ncpneuro0176.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



and radiographic findings are summarized, and risk factors, outcome and long-term
prognosis are discussed. We end with a discussion of current treatment modalities and
prospects for future therapies, including vaccination strategies.

EPIDEMIOLOGY AND TRANSMISSION
Epidemiology

WNV disease first appeared in North America in the summer of 1999, with the simultaneous
occurrence of an unusual number of deaths of exotic birds and crows in the New York City
(NYC) Metropolitan Area. This first appearance was followed by an outbreak of 62 cases of
encephalitis in humans, resulting in 7 deaths.1 Since this outbreak, the geographic range and
burden of disease in birds, mosquitoes and humans has greatly expanded to include the 48
contiguous US States (Figure 1), as well as 7 Canadian provinces, Mexico, the Caribbean
islands, and Colombia.2–6 From 1999–2005, 19,506 cases of human WNV disease were
reported in the US—including 8,362 that were characterized as neuroinvasive—resulting in
782 deaths (Figure 2).3,7

Analysis of sequences of genome fragments isolated from dead birds and mosquitoes by
REVERSE TRANSCRIPTASE POLYMERASE CHAIN REACTION (RT-PCR) led to the
identification of WNV as the causative agent of the 1999 NYC epidemic. The virus
sequenced from bird and human cases was closely related to a virus isolated in 1998 from
the brain of a goose in Israel.8 Genetic sequencing of WNV strains has identified two WNV
lineages, the first of which is subdivided into four clades. All North American isolates have
so far been classified as Lineage 1, Clade B, and are closely related to strains from Israel,
with over 99.7% nucleotide sequence homology.9 Detailed phylogenic analysis of isolates
was conducted across North America to determine whether a dominant genotype has arisen,
and to better understand how the virus has evolved as its distribution has expanded. These
studies provide evidence that a dominant variant has emerged across much of North
America. Isolates with phenotypic differences from the dominant North American WNV
variant, including apparent attenuation in animal models, have been reported.10 There is no
evidence for strong selection pressure for any phenotypic differences,2 although one recent
study indicated that the emergence of the dominant variant might be associated with a
fitness advantage in mosquito infectivity and transmissibility.11

Since its introduction into North America, WNV has spread prolifically within birds (over
200 species have been infected), and has infected an unprecedented number of mosquito
species (43 of 174 North American species).4 Corvids (crows, magpies and jays), house
sparrows, house finches and grackles seem to be highly competent reservoirs for mosquito
infection with WNV. By contrast, mammals (including humans) do not develop sufficiently
high bloodstream titers of WNV to play a significant role in transmission. In mosquitoes,
WNV can be transmitted vertically, and can overwinter in hibernating females,12 providing
the mechanisms for viral persistence and re-emergence each spring.3

Transmission
Transmission of WNV to humans occurs predominantly following a bite from an infected
mosquito, which acquires the virus after feeding on vertebrate amplifying hosts, primarily
birds.3 Peak transmission occurs between July and October, but cases have occurred as early
as April and as late as December. Despite high attack rates during earlier epidemics in
Africa (serological studies indicated that more than 50% of the susceptible population
exposed to the virus was infected), recent seroprevalence surveys indicate that less than 3%
of affected US populations acquired the infection during epidemic transmission periods.13

These levels of seroprevalence are thought to be too low to decrease the frequency of
epidemics or modulate their intensity through protective immunity.3
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Although person-to-person transmission of WNV does not generally occur, cases have
resulted from transfusion of blood products and organ transplantation, as well as following
intrauterine, percutaneous (occupational) or breastfeeding exposure. Other isolated reports
of possible routes of transmission include respira tory aerosol (in workers at a turkey farm)
and dialysis.3

Twenty-three cases of WNV infection via transfusion of blood products (from
asymptomatic, viremic donors) were reported in the US in 2002,14 leading to the mandate
for nucleic-acid-amplification-based screening of donor minipools. After FDA approval and
widespread implementation of screening, over 1,000 potentially WNV-viremic blood
donations were intercepted during the 2003–2004 period.15 Nevertheless, seven transfusion-
related cases of WNV were reported during this period, prompting investigations into more-
sensitive screening methodologies, including single-donor screening, in areas of high WNV
activity.16 A single donor (who acquired WNV by transfusion of blood products)
transmitted WNV to four organ transplant recipients, all of whom went on to develop severe
neuroinvasive disease;17 other cases have also been reported.18,19

Although the spectrum of disease following intrauterine transmission is not yet fully
understood, in one case of proven intrauterine transmission the affected infant had
chorioretinitis and severe cerebral abnormalities, including microcephaly and intracranial
calcifications.20 The Centers for Disease Control (CDC) are gathering data on pregnancy
outcomes for approximately 70 women with WNV illness during pregnancy, but
unpublished data indicate that most of the women analyzed to date have delivered healthy
infants.3 Thorough assessment of the fetus or infant is recommended if WNV infection is
documented in a pregnant mother.21 Two laboratory-acquired cases of WNV infection have
been reported,22 neither of which resulted in severe disease.

DIAGNOSIS
Clinical features

In animal models of WNV infection, following subcutaneous inoculation, the virus spreads
to regional lymph nodes and spleen, and subsequently reaches the bloodstream before
disseminating to the CNS.23 WNV-infected individuals are asymptomatic in 80% of cases.
Symptomatic illness develops 2–14 days following inoculation; 20% of patients develop
West Nile fever, a self-limited flu-like illness characterized by fever, myalgia, headache and
gastrointestinal disturbance (25–30%), with an associated maculopapular rash in 25–50% of
cases.24 Neuroinvasive disease occurs in less than 1% of cases (1 in 150 infected
individuals), following viral penetration of the blood–brain barrier and direct invasion of
neurons, particularly those in the brainstem, deep nuclei, and anterior horn of the spinal
cord. In mouse models, WNV has been shown to increase blood–brain barrier permeability
by inducing a Toll-like-receptor-3 (Tlr3)-dependent inflammatory response.25 The clinical
and laboratory criteria for distinguishing neuroinvasive from non-neuroinvasive arthropod-
borne viral diseases (including WNV) have recently been updated.7 Neuroinvasive
presentations (Box 1) are varied and include aseptic meningitis, meningoencephalitis and
AFP syndrome (a poliomyelitis-like illness).5,26–30 Brainstem encephalitis, cerebellitis,
movement disorders, cranial neuropathies, polyneuropathy/radiculopathy, chorioretinitis and
optic neuritis are also recognized WNV neurological presentations. The proportion of
neuroinvasive disease manifesting as meningitis, as opposed to encephalitis or myelitis, has
varied greatly within a given epidemic season and locale.
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Box 1

Diagnostic criteria for neuroinvasive West Nile virus disease

West Nile meningitis

• Clinical signs of meningeal inflammation (collectively known as meningismus),
including NUCHAL RIGIDITY, KERNIG SIGN, BRUDZINSKI’S SIGN,
photophobia or phonophobia

• Additional evidence of acute infection, including one or more of the following:
fever (temperature >38 °C) or hypothermia (temperature <35 °C); cerebrospinal
fluid pleocytosis (>5 leukocytes/mm3); peripheral leukocyte count >10,000/
mm3; or neuroimaging findings consistent with acute meningeal inflammation

West Nile encephalitis

• Encephalopathy (depressed or altered level of consciousness, lethargy, or
personality change lasting 24 hours)

• Additional evidence of CNS inflammation, including two or more of the
following: fever (temperature >38 °C) or hypothermia (temperature <35 °C);
cerebrospinal fluid pleocytosis (>5 leukocytes/mm3); peripheral leukocyte count
>10,000/mm3; neuroimaging findings consistent with acute inflammation (with
or without involvement of the meninges) or acute demyelination; presence of
focal neurological deficit; meningismus; electroencephalography findings
consistent with encephalitis; or seizures (either new-onset or exacerbation of
previously controlled)

Acute flaccid paralysis

• Acute onset of limb weakness with marked progression over 48 hours

• At least two of the following: asymmetry of weakness; areflexia/hyporeflexia of
affected limb(s); absence of pain, paresthesia, or numbness in affected limb(s);
cerebrospinal fluid pleocytosis (>5 leukocytes/mm3) and elevated protein levels
(>450 mg/l); electrodiagnostic studies consistent with an anterior horn cell
process; or spinal cord MRI documenting abnormal increased signal in the
anterior gray matter

Modified with permission from reference 26 © (2003) American Medical Association.

Several clinical features might provide a clue to the diagnosis of CNS infection with WNV.5

As in other forms of encephalitis, nonspecific symptoms such as fever (in 70–100% of
patients), headache (50–100%) and altered mental status (50–100%) are common. Vomiting
(30–75%), diarrhea (15–35%) and rash (5–50%) are seen in a significant proportion of
patients.5,28–30 In contrast to other encephalitides, muscle weakness is often a prominent
finding in patients with WNV meningoencephalitis (in 30–50%), and is often of a lower-
motor-neuron pattern with flaccid paralysis and hyporeflexia. The presence of this pattern of
weakness in the absence of sensory abnormalities is typical of WNV-associated AFP.27

Other distinctive findings include cranial neuropathies (in 20% of patients with WNV
meningoencephalitis)—most commonly unilateral or bilateral peripheral facial palsy—
which might have a delayed onset in the second or third week following onset of
illness.5,27–30 Movement disorders (dyskinesias) are common in patients with WNV
meningoencephalitis, and can include postural or kinetic tremor (in up to 90% of patients),
parkinsonism (including cogwheel rigidity, bradykinesia and postural instability [70%]), and
myoclonus (20–40%).26
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AFP can occur in isolation, or in combination with meningitis or meningoencephalitis.27

The relative frequency of pure AFP compared with AFP in combination with
meningoencephalitis is uncertain, but might be as high as 50%.5 Unlike
meningoencephalitis, the WNV AFP syndrome does not predominantly affect the elderly,
but has been reported in all age groups. Patients with WNV AFP syndrome have acute onset
and rapid progression (within 24–48 hours) of asymmetric flaccid weakness, with associated
hyporeflexia or areflexia in involved limbs. Motor weakness is usually the result of a
poliomyelitis-like process (pure motor deficit), rather than a Guillain–Barré-like syndrome
(motor and sensory deficit), although cases of WNV-associated Guillain–Barré syndrome
have also been reported. In a recent prospective, population-based study of 32 patients with
WNV-associated paralysis, poliomyelitis-like syndrome was demonstrated in 84% of
patients (equating to an incidence of 3.7/100,000 in the general population) and a Guillain–
Barré-like syndrome in 13%.27 Weakness can occur in a single limb, or in any combination
of the four extremities. Respiratory insufficiency might also occur, including respiratory
failure requiring endotracheal intubation, as seen in 38% of affected patients in a recent
series.27 Bowel and bladder dysfunction occurs in a third of patients. Electromyography
demonstrates reduced amplitudes of compound muscle action potentials, with normal
amplitudes of sensory nerve action potentials. Follow-up studies 3 or more weeks later can
show denervation changes. Pathologic studies in cases of fatal AFP have shown that the
associated signs and symptoms result from an acute anterior poliomyelitis.

Risk factors
The most important risk factor for acquiring WNV infection is exposure to infected
mosquitoes.28 People over 50 years of age (particularly those of 60–89 years of age) are at
highest risk (20-fold increase) for developing meningo encephalitis, with a slightly higher
incidence among males (Figure 3).3,29,31 Immunosuppressed recipients of transplanted
organs have an increased risk of developing neuroinvasive disease (estimated at up to 40-
fold increase in some studies),18,32 and when disease develops it is often more severe than in
immunocompetent individuals.33 Other immunosuppressed individuals might be at higher
risk, but this has not been shown conclusively. Diabetes, hypertension and cerebrovascular
disease have also been considered as possible risk factors, but generalization from current
studies is difficult owing to small sample sizes.4 Despite equal susceptibility to WNV
infection, neuro-invasive disease is less common in children than in adults. Cases have,
however, been confirmed (including poliomyelitis-like disease) in patients from all age
groups, including infants, young children and adolescents.34–36 During the 2002–2004 US
epidemic of WNV, the CDC confirmed 317 cases of neuroinvasive disease in children under
19 years of age; 106 of these (34%) were under 10 years of age.36

Genetic determinants of WNV resistance, including the 1B isoform of 2′-5′ oligoadenylate
synthetase (Oas), have been identified in mice.37,38 In the presence of interferon (IFN) and
viral double-stranded RNA, expression of enzymes belonging to the 2′-5′-Oas family is
induced, and these enzymes are converted into their active form. This process results in
synthesis of oligoadenylates, which bind to and activate RNase L. Active RNase L in turn
degrades viral RNAs. Mice that are resistant to WNV infection have normal Oas genes,
whereas mouse strains that are susceptible to WNV have mutations that truncate 2′-5′-Oas1b
(also referred to as Oasl1). 2′-5′-Oas1b is also a potent inhibitor of WNV replication in
infected cells.39 The role of the Oas system in human susceptibility to WNV infection is
unknown. In one recent study, however, differences were observed in the frequency
distribution of at least one polymorphism in OAS genes in hospital ized patients with WNV
infection compared with controls, raising the possibility that the Oas system also has a role
in human susceptibility to WNV infection.40
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Mouse models of WNV infection have proved valuable for studying the importance of
various components of the host immune system in control of WNV infection. In mice, IFN-
α/β, B cells and antibody, complement, and CD8+ T cells, all have crucial roles in the
control of WNV infection.23,41–44 In addition, secretion by WNV-infected neurons of the
chemokine CXCL10 facilitates recruitment of CD8+ T cells to the CNS.45,46 WNV infection
leads to activation of Tlr3, which recognizes viral double-stranded RNA. Tlr3-dependent
inflammatory responses include enhanced production of various cytokines, including IFN,
tumor necrosis factor-α (TNF-α) and interleukin-6 (IL-6), which help to control WNV
replication at extraneural sites. TNF-α, however, also facilitates WNV entry into the CNS
by compromising the integrity of the blood–brain barrier. Tlr3-deficient mice have increased
WNV load at peripheral sites, but lower viral loads, less inflammation, and less injury in the
CNS, compared with normal mice.25

Laboratory findings
Serology—Serological testing of serum and cerebrospinal fluid (CSF) remains the gold
standard for the diagnosis of human WNV disease.5,28,47 IgM antibody to WNV develops in
75% of WNV-infected patients, and is usually measurable by ENZYME IMMUNOASSAY
by the fourth day of symptom onset (detectable in CSF earlier than serum); 95% of infected
patients develop IgM antibody by 7 days of symptom onset. Detection of WNV IgM in CSF
is diagnostic of neuroinvasive disease; IgM antibodies do not readily cross the blood–brain
barrier, so their presence in CSF is indicative of intrathecal synthesis. As infection by related
flaviviruses might elicit cross-reactive test results by enzyme immunoassay, a positive WNV
IgM should be confirmed by WNV PLAQUE REDUCTION NEUTRALIZATION ASSAY.
Unlike most IgM responses, WNV IgM antibody persists for at least 6 months, and
sometimes for 12–16 months, in the serum of previously infected patients (20–36% in one
study).47 IgM antibody is also detectable in the CSF up to 7 months after illness.
Confirmation of acute infection (rather than past infection) might, therefore, require
evaluation of acute and convalescent (after 2–3 weeks) sera to identify a fourfold rise in
antibody titer. IgG avidity testing is an additional diagnostic modality that might aid the
differentiation between recently acquired and previous infections with WNV.48

RT-PCR of serum or CSF is not generally useful—or indeed recommended—for the
diagnosis of WNV infection, as peak viremia occurs 3–4 days before symptom onset,
resulting in poor sensitivity. The sensitivity of RT-PCR among 28 patients with
serologically confirmed neuroinvasive WNV disease was 57% in CSF and 14% in serum.49

Sensitivity might be better in the case of immunocompromised hosts, who might not mount
an adequate antibody response and could have prolonged viremia. The sensitivity of CSF
viral culture is low, and it is not routinely employed for diagnosis.

Cerebrospinal fluid—Typical CSF findings in WNV neuroinvasive disease include
PLEOCYTOSIS (polymorpho-nuclear or lymphocytic predominance), with elevated protein
but normal glucose levels.1,50 Features of the pleocytosis that are indicative of WNV include
a prolonged predominance of polymorphonuclear cells, and the presence of abnormal-
appearing reactive lymphocytes or monocytes, including PLASMA CELL-like and
MOLLARET-LIKE CELL. In a recent study of 250 hospitalized patients with WNV CNS
disease,50 patients with encephalitis and meningitis had similar mean cell counts (227 cells/
mm3 and 226 cells/mm3, respectively). Less than 5% of patients with either meningitis or
encephalitis had fewer than 5 cells/mm3, and 8% had more than 500 cells/mm3. In patients
with meningitis, the mean percentage of neutrophils was 41%, and in those with encephalitis
the corresponding figure was 45%. In approximately 37% of patients with encephalitis and
50% of patients with meningitis, more than 50% of the cells in their initial CSF specimen
were neutrophils. Nearly half of the patients with encephalitis, but only 16% of those with
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meningitis, had CSF protein levels of more than 1 g/l. CSF parameters were only a modest
predictor of disease outcome.

Peripheral blood counts can be normal in patients with WNV invasive disease, or can
demonstrate anemia, thrombocytopenia, leukocytosis or leukopenia. Elevated creatinine
kinase and hyponatremia, and elevated serum ferritin late in the course of illness, have also
been reported.

Radiological findings—The incidence of acute MRI abnormalities in patients with WNV
neuroinvasive disease has been extremely variable (Figures 4 and 5).30,51–53 In a recent
series of 39 consecutive cases of WNV neuroinvasive disease (including both meningitis
and meningoencephalitis), MRI was unremarkable in all except one patient.30 In each of two
more recent series,51,52 however, around 70% of patients with WNV CNS disease had
abnormal MRI findings. In the first study, 12/17 patients had abnormal findings on MRI:
4/17 had abnormalities only on diffusion-weighted (DW) imaging (involving the corona
radiata and internal capsule), 3/17 had abnormal signal intensity on fluid-attenuated
inversion recovery (FLAIR) or T2-weighted sequences (involving the cortical gray and
white matter, cerebellum, basal ganglia, thalamus, internal capsule, pons and midbrain), 2/17
had meningeal enhancement, and 3/17 had abnormalities involving the spinal cord, cauda
equina or nerve roots. Patients with normal MRI or only DW-image abnormalities had the
best prognosis, whereas those with T2 and FLAIR abnormalities had the worst outcomes. A
WNV MRI registry has been established by the CDC in the hope that, as imaging data are
accumulated and consolidated, a more comprehensive picture of the imaging characteristics
of WNV infection will emerge.53

Mortality and prognosis—The overall case-fatality rate for WNV infection is 2–7%,
based on US cases reported to the CDC from 2002–2005. Almost all mortality is confined to
patients with neuroinvasive disease, in whom the death rate is approximately 9%. In patients
with WNV encephalitis, the overall mortality is approximately 12–15%, although it could be
as high as 35% in elderly patients.7

Prognostic data on WNV neuroinvasive disease are currently rather limited.54–57 Most
patients with WNV meningitis and no associated focal neurological deficits make a
complete recovery. Long-term outcomes and sequelae from WNV meningoencephalitis are
highly variable, but severe neurological deficits have been reported to persist for months or
even years and, in some cases, are likely to be lifelong. Among the prolonged symptoms
reported are fatigue, myalgia, residual tremor and parkinsonism.26

The initial severity of encephalitic signs and symptoms is not necessarily predictive of
outcome. In one study, five of eight patients with severe WNV encephalitis had excellent
outcomes, achieving premorbid levels of functioning without residual disability within 4
months of illness.26 In a 1-year follow-up study of patients affected in the 1999 NYC WNV
encephalitis outbreak,54 the prevalence of physical, functional and cognitive symptoms,
including muscle weakness, loss of concentration, confusion and lightheadedness, remained
significantly higher than at baseline, and only 37% of the patients had recovered fully to
their premorbid status. Younger age at infection was the only significant predictor of
recovery. The extent to which radiographic findings correlate with prognosis is unknown,
but a recent study indicated that patients with normal MRI, or with abnormalities detected
only on DW images, had better outcomes that those with abnormalities on FLAIR and T2-
weighted images.51

Patients with AFP have the worst overall prognosis, and often have significant residual
weakness.5,27,55 Improvements in limb strength, however, can occur over time. In a
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prospective study of 32 patients with WNV-associated paralysis, 25 showed varying degrees
of improvement at 4 months after the onset of symptoms, and the remaining 7 patients
showed no improvement.27 Clinical recovery was variable in another study of 11 patients
over a 21-month follow-up period, and was attributed to differing degrees or combinations
of motor-neuron loss and motor-nerve-terminal changes, as assessed by electrophysiology
and muscle biopsy.56 In a retrospective case series of five patients with severe WNV
disease, all patients demonstrated some degree of functional improvement, with the lowest
functional outcomes noted in patients with severe muscle weakness and axonal
neuropathy.57

CURRENT TREATMENT AND PROSPECTS FOR FUTURE THERAPIES
Therapeutics

At present, there is no specific therapy of proven efficacy for the treatment of WNV
infection. Current treatment of WNV disease is largely supportive, including pain control for
headaches, antiemetic therapy and rehydration for associated nausea and vomiting,
monitoring for development of elevated intracranial pressure, and control of seizures if
present. Acute respiratory failure can develop rapidly, particularly in patients with
prominent bulbar signs.26 In transplant patients with presumed meningo-encephalitis, early
withdrawal of immuno-suppression is recommended.18,33 The efficacy of corticosteroids for
the treatment of WNV has not been adequately studied.

Ribavirin appears to have limited clinical efficacy (and seems to produce detrimental effects
in rodent models),58,59 despite demonstrated efficacy against WNV in vitro. This drug was
administered to some patients during a WNV outbreak in Israel in 2000, but no clinical
benefit was observed when treated patients were compared with untreated patients.59

Inhibitors of nucleoside triphosphatase (NTPase)/helicase activities of Flaviviridae have not
shown promising results against WNV in vitro.60

IFN-α2b inhibits growth of WNV in vitro and can protect BALB/c mice and golden
hamsters from WNV-induced disease, although its efficacy is greatly diminished when
treatments are delayed beyond 4–6 hours before viral challenge.41,44,58 IFN-α/β-receptor
knockout mice have increased mortality following WNV challenge, whereas treatment of
primary mouse neuronal cultures with IFN-β before or after infection increased neuronal
survival in dependently of the effect on WNV replication.44 The efficacy of IFN treatment
in humans is still unclear, as it has only been studied in a non-blinded, non-placebo-
controlled clinical trial. A randomized, placebo-controlled clinical trial is, however,
currently in progress.61

Passive transfer of WNV-specific antibodies or immunoglobulin can protect mice and
hamsters against WNV infection in experimental models of disease.62,63 Antibody transfer
can offer some protection to mice even after the virus has reached the CNS, although
efficacy declines markedly with time after WNV infection, indicating that rapid diagnosis
and timely administration are vital. Uncontrolled clinical reports describe an apparent
beneficial effect in two patients given the Israeli human intravenous immunoglobulin
preparation Omr-IgG-am, which contains high titers of neutralizing antibody to WNV,
although a third treated patient died.64–66 A multicenter randomized, placebo-controlled trial
sponsored by the NIH to test the effectiveness of Omr-IgG-am in humans with WNV
disease is currently in progress.67,68 The humanized monoclonal antibody E16, which
targets the WNV envelope protein, recently showed therapeutic efficacy in mice, conferring
reduced mortality even when administered as a single dose 5 days after WNV infection.69

E16 inhibits infection after the viral attachment stage, possibly by blocking envelope
glycoprotein conformational changes.70
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A proprietary antisense oligomer construct (AVI-4020; AVI BioPharma, Corvallis, OR,
USA), which inhibits viral replication,71 was found to be safe in a small pilot phase I human
clinical trial, and is currently undergoing more-extensive testing in a phase II placebo-
controlled trial to assess tolerability, pharmacokinetics and potential efficacy.72 RNA
INTERFERENCE constructs have also been studied in human cells in vitro, but have not
shown efficacy.73 A screening program sponsored by the National Institute of Allergy and
Infectious Diseases (NIAID) to identify agents with potent in vitro activity against WNV is
ongoing, and has identified several effective compounds that are inhibitors of cellular
enzymes involved in nucleotide synthesis. These compounds will now be studied in animal
models of WNV infection.67

Vaccination
An effective formalin-inactivated equine vaccine, and a recombinant vaccine based on
expression of WNV antigens by the canary pox virus, are currently licensed for use in
horses.62,74 In some animal models, vaccination with Japanese encephalitis virus,75 St Louis
encephalitis virus or Kunjin virus (a subtype of WNV) confers relative protection from
severe WNV infection, but two studies have shown that prior Japanese encephalitis, yellow
fever or dengue virus vaccination does not induce protective neutralizing antibody responses
to WNV.76,77 Potential strategies for human WNV vaccine development include use of
inactivated or attenuated WNV strains, chimeric live virus vaccines (in which WNV genes
are inserted into the genetic background of another flavivirus), and recombinant-subunit-
based vaccines. A chimeric vaccine that incorporates WNV into a genomic backbone of
attenuated serotype-4 dengue virus induced protective immunity against WNV challenge in
monkeys,78 and is currently undergoing Phase I safety and immunogenicity studies in
humans. Another chimeric vaccine that incorporates WNV precursor transmembrane and
envelope genes into the genome backbone of an attenuated yellow fever virus 17D has been
shown to be effective in mice and monkeys,79 and is currently undergoing phase II safety
and immunogenicity trials in humans.80 A Phase I human study, using a recombinant
plasmid-based DNA vaccine (encoding WNV precursor transmembrane and envelope
genes), is also underway.

CONCLUSIONS
In the 6 years since its first detection in the US, WNV has become the most frequent cause
of epidemic meningoencephalitis in humans in North America. Although less than 1% of
infected individuals develop neuroinvasive disease manifesting as meningitis, meningo-
encephalitis or AFP, mortality is high, and neurological sequelae among survivors are severe
and often permanent. No specific therapy has yet been shown to be effective for treatment of
WNV encephalitis. Potential treatments, including antiviral compounds, immunomodulatory
therapies and vaccines, are all areas of active research in animals and humans. Human
clinical trials are essential for assessing the efficacy of potential treatments, as WNV is
likely to continue to circulate in the Northern Hemisphere for many years to come.
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GLOSSARY

REVERSE
TRANSCRIPTASE
POLYMERASE CHAIN
REACTION (RT-PCR)

A molecular diagnostic tool that uses amplification to detect
specific RNA; West Nile virus and other flaviviruses have a
positive-sense, single-stranded RNA genome that is
detectable by this methodology

CLADE A branch of biological taxa or species whose members
share homologous features inherited from a common
ancestor

NUCHAL RIGIDITY A physical sign of meningitis in which rigidity of neck
muscles limits movement of the neck, including preventing
its flexion

KERNIG SIGN A physical sign of meningitis in which the supine patient
whose hip is flexed to 90° is unable to completely extend
the leg at the knee joint

BRUDZINSKI’S SIGN A physical sign of meningitis in which flexion of the supine
patient’s neck causes flexion of the patient’s hip and knees

ENZYME
IMMUNOASSAY

An assay that uses an enzyme-conjugated antibody to detect
antigen (or serum antibody in the case of IgG enzyme
immunoassay); the enzyme catalyzes a color reaction when
exposed to substrate

PLAQUE REDUCTION
NEUTRALIZATION
ASSAY

A viral plaque is a visible zone of cell destruction formed
when virus propagates within cell culture; the plaque
reduction neutralization assay is used to measure reductions
in virus infectivity caused by specific antibody present in
serum samples

PLEOCYTOSIS The presence of more cells than normal in the cerebrospinal
fluid

PLASMA CELL A type of white blood cell of B-cell lineage that produces
antibodies

MOLLARET-LIKE
CELL

A cell within the cerebrospinal fluid that appears large,
friable, and ‘endothelial’ in appearance; considered to be
large activated cells of the monocyte/macrophage lineage

RNA INTERFERENCE Post-transcriptional gene silencing in which double-
stranded RNA mediates the destruction of messenger RNAs
in a sequence-specific fashion
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REVIEW CRITERIA

PubMed was searched using Entrez for articles published up to December 30, 2005,
including electronic early release publications. Search terms included “West Nile Virus”
and “West Nile Virus Encephalitis”, as well as “WNV Acute Flaccid Paralysis, “WNV
Radiographic” and “WNV Vaccine”. The abstracts of retrieved citations were reviewed
and prioritized by relative content. Full articles were obtained and references were
checked for additional material when appropriate.
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KEY POINTS

• Since its first appearance in the US in 1999, West Nile virus (WNV), an
arthropod-borne flavivirus, has emerged as the most common cause of epidemic
meningoencephalitis in North America

• Transmission of WNV to humans occurs predominantly following a bite from
an infected mosquito, which acquires virus after feeding on vertebrate
amplifying hosts, primarily birds

• Neuroinvasive disease occurs in less than 1% of cases; neuroinvasive
presentations are varied and include aseptic meningitis, meningoencephalitis
and acute flaccid paralysis

• Serological testing of serum and cerebrospinal fluid remains the gold standard
for the diagnosis of human WNV disease, and some patients with WNV
neuroinvasive disease show abnormalities on brain MRI

• Almost all mortality from WNV is confined to patients with neuroinvasive
disease

• Current treatment of WNV disease is largely supportive, including pain control,
antiemetic therapy and rehydration, monitoring for development of elevated
intracranial pressure, and control of seizures

• A vaccine that was shown to induce protective immunity against WNV
challenge in monkeys is currently undergoing Phase I safety and
immunogenicity studies in humans
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Figure 1.
Geographical distribution of West Nile virus in the US 1999–2005 (source: Centers for
Disease Control and Prevention).7
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Figure 2.
Numbers of human West Nile virus cases in the US from 1999–2005 (source: Centers for
Disease Control and Prevention).7
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Figure 3.
Incidence of West Nile virus neuroinvasive disease by age.81

WNF, West Nile fever; WNME, West Nile meningoencephalitis.
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Figure 4.
Radiographic and neuropathologic findings in West Nile virus encephalitis. (A) Coronal
fluid-attenuated inversion recovery (FLAIR) magnetic resonance image shows an area of
abnormally increased signal in the thalami, substantia nigra (extending superiorly toward the
subthalamic nuclei) and white matter. (B) Corresponding tissue section from the same
patient at autopsy 15 days later, stained with Luxol fast blue–periodic acid Schiff for myelin,
shows numerous ovoid foci of necrosis and pallor throughout the thalamus and subthalamic
nucleus (arrows). (C) Axial proton density image at the level of the midbrain shows a
bilaterally increased signal in the substantia nigra (arrows). (D) Corresponding tissue section
at autopsy, stained with Luxol fast blue–periodic acid Schiff, illustrates multifocal
involvement of the substantia nigra (arrows), with nearly 50% of the area destroyed; the red
nuclei are clearly affected. (E) Axial FLAIR image at the level of the lateral ventricle bodies
shows a bilaterally increased signal within the white matter. A scan performed
approximately 5 months earlier demonstrated an abnormal signal in the left periventricular
white matter. This signal increased once West Nile virus encephalitis developed, and the
lesions in the right cerebral white matter (left side of photograph) were new. (F)
Photomicrograph taken from the right periventricular white matter, immunostained with the
HAM56 antibody, shows numerous macrophages, both in perivascular areas (lower right)
and diffusely throughout the white matter (center). Figures reproduced with permission from
reference 33 © 2004 American Medical Association. RN, red nucleus.
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Figure 5.
Radiographic findings during disease progression in West Nile virus encephalitis. Serial
fluid-attenuated inversion recovery (FLAIR) magnetic resonance images at the level of the
basal ganglia (A–D) and midbrain (E–H). At day 5 after the onset of neurological
symptoms, the scan is normal. The day 10 scan shows lesion in the left thalamus (B) and
substantia nigra (F). The day 18 scan shows progression of thalamic lesions (C). On day 36,
lesions are visible in the globus pallidus (D) and red nuclei (H). All of the lesion sites are
indicated by arrows Figures reproduced with permission from reference 67 © 2004
American College of Physicians.
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