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Case Report 

West Nile Virus Infection and its Neurological Manifestations 

Ken Madden, MD, PhD, Department of Neurology, Marshfield Clinic, Marshfield, Wisconsin

ABSTRACT
The West Nile virus caused an epidemic of meningoencephalitis in Midwest North America during 2002. The peak incidence coin-
cided with the highest activity period of mosquito vectors in affected states. This epidemic followed recent established trends, not
only of increased central nervous system involvement by the virus, but also increased incidence of dramatic neuromuscular
impairment. Two cases are presented which illustrate the most concerning types of neuromuscular sequelae, diffuse weakness
leading to respiratory insufficiency, and the development of focal weakness similar to poliomyelitis. The epidemiology and clinical
characteristics of West Nile virus infection are also reviewed. Concern is expressed regarding the possibility of epidemics in other
Midwestern states during future seasons of increased mosquito activity.

INTRODUCTION

The first documented human infection of the West Nile virus occurred in the West Nile district of Uganda in 1937, and this virus
has subsequently been implicated in recent encephalitis epidemics within Russia, Israel and Romania.1,2 It was the 1999 New York
City outbreak within a large urban area, however, that stimulated concern over the virus among North Americans.3 Since that out-
break, the virus has spread coast to coast, with all but nine states within the continental United States reporting human infection.
Surveillance immunoserological testing within endemic areas suggest that only 20% of individuals affected by the virus develop
systemic symptoms, and less than 1% develop neurological manifestations.4 However, those that do develop nervous system
involvement usually evolve a severe illness, with mortality rates of 12% to 14% and severe associated morbidity. The neurological
manifestations are protean. Changes in mental status associated with meningitis or encephalitis are very common, but motor
weakness is often the clinical indicator of West Nile virus as the causative agent.5,6 Two cases of West Nile virus infection at a ter-
tiary care center are presented as examples of the unusual neuromuscular manifestations of this virus.
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CASE REPORTS

Case 1
A 79 year-old male resident of Illinois developed fever and
malaise one week prior to and coincident with travel to
upper Wisconsin. He initially sought medical attention in
July at a regional urgent care facility, where he received
ciprofloxin (500 mg twice daily) for possible urinary tract
infection. He worsened on home antibiotic administration
and returned for medical attention of persistent fever and the
new development of mild confusion. While in the care facil-
ity, he had a generalized convulsion. Computed tomography
revealed a 3 x 1 centimeter extra-axial frontal mass consis-
tent with a meningioma, as well as mild generalized atrophy.
He was intubated and treated with fosphenytoin, then trans-
ferred to a tertiary care center.

On arrival at the new center, his temperature was 101.6°F,
with normal pulse and blood pressures on multiple assess-
ments. He had a supple neck and unremarkable cardiopul-
monary exam. There were no evident skin lesions. On neu-
rological assessment, he was agitated and mildly combative.
He did not follow commands or effectively communicate
non-verbally. Cranial nerve examination was unremarkable.
He was mildly tremulous but had good power in all limbs as
assessed by resistive movements. He withdrew appropriately
from a painful stimulus in all limbs. Tendon reflexes were
normal in the upper extremities, but not elicitable in the
lower extremities. Plantar responses were flexor bilaterally.

Initial laboratory results included a leukocyte count of 9,600
with 89% neutrophils. Hemoglobin was 11.3 g/dl. Electro-
lytes were normal. Glucose was 146 mg/dl. Transaminases
were mildly elevated. Coagulation tests were normal. Initial
chest x-ray and electrocardiogram were normal. Blood and
urine cultures were negative. Lumbar puncture was per-
formed on arrival to the new facility and revealed 3 RBCs
and 958 WBCs per mm3, total protein of 218 mg/dl and glu-
cose of 59 mg/dl. Aerobic and anaerobic cultures were nega-
tive. Cytology was negative. Lyme screen was negative.
Polymerase chain reaction (PCR) for Herpes simplex virus
was negative. Arbovirus IgM panel results included normal
values for LaCrosse encephalitis and Eastern Equine
encephalitis. Recent flavivirus infection was suggested, how-
ever, by IgM EIA optical density ratios (patient sera/ normal
human sera control) of 7.51 for St. Louis encephalitis, and
>20 for West Nile virus encephalitis (tests are presumptive
positive when ratio exceeds 2.0). Plaque reduction neutral-
ization test confirmed West Nile virus infection.

The patient was extubated after arrival at the tertiary care
center, and his arterial blood gas after extubation was
notable for a pH of 7.38, a pCO2 of 41 mmHg, and a pO2 of
75 torr. Within 72 hours, however, he required reintubation
after appreciable gradual diminishment of ventilatory effort
and CO2 retention (maximum 68 mmHg). A clear pul-
monary cause of respiratory insufficiency could not be
demonstrated. Serial chest x-rays were notable for a small
left pleural effusion and intermittent demonstration of a

right infrahilar opacity felt most likely relatable to intermit-
tent endobronchial obstruction. Sputum cultures were persis-
tently negative. Bronchoscopy was ultimately performed on
hospital day twelve and revealed endobronchial plugging by
thick secretions. Coincident with the development of pul-
monary insufficiency, the patient developed mild systemic
weakness as well. This was symmetrical and involved both
proximal and distal musculature. 

By two weeks, he had begun to improve. He was extubated
on his fourteenth hospital day. His systemic weakness
required extensive rehabilitative efforts, but he was making
slow steady gains with ambulation and self-cares by the time
of his discharge to a local rehabilitative facility on his
twenty-sixth hospital day. Cerebrospinal fluid had begun to
normalize (19 leukocytes, protein 79) by the ninth day.

Case 2
A 49 year-old, long-haul truck driver presented to her local
hospital in August complaining of fever and chills. She was
placed on antibiotics for presumed pneumonitis and dis-
charged after a short hospitalization. Six days after her ini-
tial admission, she was readmitted to a second hospital with
fever of 103.2°F, epigastric and lower abdominal pain, and
four days of global headache. She had also just begun to
notice weakness, numbness and pain of the right hand.
Physical examination on that admission was notable for
weakness of muscles of the right hand (no elaboration by
admitting physician). Computed tomography of brain was
unremarkable. Lumbar puncture revealed 225
leukocytes/mm3 (90% lymphocytes), glucose of 30 mg/dl,
and protein of 60 mg/dl. Bacterial cultures were negative.
Lyme screen was negative. The patient was transferred to a
tertiary care center. 

On arrival to the new center, physical examination was
notable for substantial weakness of multiple muscles of the
right upper extremity, including deltoid, biceps, triceps, wrist
flexors, wrist extensors, finger flexors and finger extensors.
Sensation was severely impaired in the right arm and deep
tendon reflexes were absent. The sensorimotor exam of the
remaining limbs was normal, as were deep tendon reflexes.
Cognition, cranial nerves, coordination and gait were all
normal. Serum creatine phosphokinase was normal. CSF
analysis was repeated (7 days after initial lumbar puncture)
and was notable for 106 leukocytes/mm3 (90% lympho-
cytes), glucose of 57 mg/dl, and protein of 88 mg/dl.
Bacterial, fungal, and acid-fast bacilli stains and cultures
were negative. Viral cultures were negative. Cytology was
negative. PCR for Herpes simplex virus was negative.
Antibody assays for rubeola, mumps and varicella antibod-
ies were negative. Arbovirus IgM panel results included nor-
mal values for LaCrosse encephalitis and Eastern Equine
encephalitis, but positive IgM EIA optical density ratios of
4.4 for St. Louis encephalitis, and >20 for West Nile virus
encephalitis. Plaque reduction neutralization test confirmed
West Nile virus infection.
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Further evaluation of the patient’s right arm weakness
included magnetic resonance imaging of brain and cervical
spine. The cerebral study was unremarkable. The cervical
imaging revealed degenerative changes causing central canal
narrowing and foraminal compromise affecting the right
fifth cervical root. These abnormalities did not appear sig-
nificant enough to cause the sensorimotor impairment of the
right arm. Electromyography and nerve conduction testing
of the limb were therefore performed. Nerve conductions
were generally remarkable only for decreased motor unit
amplitudes and absent F-waves (median and ulnar).
Electromyography of multiple distal and proximal muscles
of the right arm revealed increased insertional activity and
decreased recruitment in all muscles, but normal waveforms
in paraspinal muscles. There were no fibrillations. The elec-
tromyographic impression was that the findings were most
consistent with a preganglionic neuropathology involving
cervical spinal cord segments C5 to T1. Clinically, she
improved during her hospitalization, with normalization of
her mental status and resolution of headache and fever. She
remained with pronounced weakness of the right arm at the
time of discharge.

DISCUSSION

Viral epidemiology
The West Nile virus is a single-stranded RNA virus of the
genus Flavivirus, which also includes the viruses responsi-
ble for St. Louis encephalitis, Japanese encephalitis and
Murray Valley encephalitis. The mechanism by which the
West Nile virus was introduced into the Western hemisphere
remains unknown, but its transmission cycle is now well
understood. Wild birds, particularly songbirds, serve as the
primary amplification hosts in nature, though infections also
occur in horses and other avian species. Geographical spread
of the virus in North America has occurred along the migra-
tory pathways of the usual bird hosts. Regional infections of
birds within the Corvidae family (crows, jays and magpies)
have particular importance because the severe illness that
develops in these species leads to high avian mortality,
therefore serving as a sentinel of the virus within the local-
ity.7 The virus is transmitted from bird to human hosts
through the bite of mosquitoes, usually those of the Culex
genus. Mammals do not generate viremia of a magnitude
that allows further transmission of the virus.8 (The inter-
ested reader is referred to excellent discussions of these top-
ics in the preceding edition of this journal).9, 10

In 2002, the state harboring the most human cases of West
Nile virus infection was Illinois, with 836 cases and 56
deaths. Infections began in late summer and peaked in
September. Because of the rapid immunity to recurrent
infection that develops in birds, the incidence may more
likely increase in neighboring states than in Illinois during
future seasonal outbreaks.

Clinical manifestations of West Nile virus infection
Typically, flavivirus infection in humans is manifested by
three clinical syndromes: fever/arthralgia/rash, viral hemor-
rhagic fever, and neurological disease.11 The West Nile virus
has developed a particularly neurotropic invasion pattern,
and this may have recently evolved. Prior to 1996, few
patients afflicted with the virus suffered neurological mani-
festations, and the severe and often fatal encephalitides that
have been associated with subsequent outbreaks have been
surprising.2 Inoculated virus is thought to seed the endoplas-
mic reticulum where the virus replicates, ultimately resulting
in secondary viremia that penetrates the central nervous sys-
tem.12 Clinical symptoms develop approximately two days
after the peak of viremia. The virulence and neuroinvasive-
ness of the virus likely relates to the level and duration of
viremia within infected individuals, as well as, the relative
preservation of the cerebrovascular endothelium.13 Some
researches speculate that susceptibility may be genetically
determined as well.14

Mechanisms of viral entry into, and diffusion through, com-
ponents of the nervous system are not currently understood,
but may involve the West Nile virus envelope E protein that
mediates cell attachment.15 After the virus is established in
the central nervous system, its pathophysiology is based on
neuronal proliferation, cytotoxic immune responses, perivas-
cular inflammation, and microglial nodule formation.12,16,17

In fatal cases, the most common inflammatory focus is
brainstem, but thalamus, cerebellum, and cerebral cortex are
also involved.18 In contrast to other arboviral infections, the
inflammatory infiltrate is minimal and there is no
vasculitis.16 Until recently, autopsies of fatal cases have not
included sectioning of spinal cord, and neuropathology of
this portion of the central nervous system had been lacking.

Most West Nile virus infections do not result in clinical
symptoms,4 though many cases of mild disease may go
unreported. “West Nile fever” is one such milder expression
of the disease causing fever, malaise, and arthralgias that
usually resolve within a week (table 1). Half of such patients
may develop a roseolar or macropapular rash or generalized
lymphadenopathy, but these also commonly resolve without
significant sequelae. The fatality rate for patients with these
mild cases of West Nile virus infection is quite low (<1%).

During the major epidemics since 1996, several days of
fever progressed to the syndromes typical for meningoen-
cephalitis in a much higher percentage of patients.
Approximately 60% of such individuals had alteration of
mental status that indicated encephalitis, and up to 13% of
infections progressed to coma.19 In contrast to other viral
encephalidities, seizures were uncommon.1,20 In addition to
meningitis and encephalitis, other cerebral manifestations of
West Nile virus infection included ataxia, extrapyramidal
syndromes, and cranial neuropathies9 (table 2). 
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Neuromuscular manifestations of West Nile virus infection
Coincident with the substantially increased incidence of
meningoencephalitic involvement in recent epidemics has
been frequent severe neuromuscular impairment in afflicted
patients. In the Romania and Russia epidemics, muscle
weakness was estimated to have occurred in 15% to 20% of
hospitalized patients,20,21 but during the North American
epidemics this has occurred in approximately 50% of
patients. Weakness can be manifested by diffuse limb paresis
(often with a proximal predominance), asymmetric flaccid

paralysis, or respiratory failure. Deep tendon reflexes are
typically depressed in the involved limbs. Most patients that
recovered from the acute illness ultimately experienced
improvement of neuromuscular symptoms as well, though
prolonged rehabilitation efforts were often necessary.22

Within the last few months, autopsy evidence has emerged
that implicates spinal cord involvement as the underlying
cause of the muscle weakness associated with West Nile
virus infection in some patients. The first report of asym-
metric flaccid paralysis in conjunction with West Nile virus
infection was in 1979, but no pathological data from this
patient was obtained.23 This phenomenon was then largely
unreported until instances began surfacing with the North
American epidemics. The initial cases of severe weakness
with depressed tendon reflexes were attributed to Guillain-
Barré syndrome.24,25 During the 2002 outbreaks in the
southwestern United States, a series of patients were
encountered that had areflexic flaccid paralysis with pre-
served sensation.26,27 Electrophysiologic studies were
notable for markedly decreased motor responses in the
involved limbs, with asymmetric muscle denervation, but
without evidence of demyelination, myopathy, or sensory
conduction disturbances. The electrophysiological evidence
was not consistent with Guillain-Barré , and the possibility
of anterior myelitis complicating West Nile virus infection
was reported to the U.S. Center for Disease Control and
Prevention. Additional patients displayed similar clinical
syndromes in the same region. Eventually three patients
were autopsied after dying from pulmonary complications. 

Pathological inspection of the spinal cord in these patients
revealed gliosis and neuronal loss in the ventral grey matter,
with extensive perivascular cuffing by inflammatory cells.
Inflammatory cells also surrounded dying anterior horn neu-
rons. Notably, these findings were similar to necropsy find-
ings of spinal cord in animals infected with the West Nile
virus.28,29 These data seem to suggest a predilection of this
virus for the anterior horn cell and the production of a clini-
cal state similar to that of acute poliomyelitis.

The clinical case presentations within this report include one
patient whose primary neuromuscular manifestation of West
Nile virus infection was respiratory failure. No pulmonary
cause of his ventilator dependency was determined. His
degree of mental status impairment did not appear profound
enough to cause central respiratory failure. Other neurologi-
cal causes of respiratory insufficiency such as critical care
neuropathy or myopathy were not excluded by electrophysi-
ological testing, but he did not display the other clinical
manifestations of widespread neuropathy/myopathy that are
usually associated with these conditions. The second patient
in this report developed the clinical symptoms (asymmetri-
cal, areflexic, flaccid paralysis) and electrophysiological
findings typical for poliomyelitis involving the cervical
spinal cord. Her clinical history and examination was not
consistent with Guillain-Barré , nor did the electrophysiol-
ogy suggest such. Brachial plexitis could be an alternative
etiology for her clinical presentation, but the electrophysiol-
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Table 1. Systemic symptoms associated with West Nile virus
infection (in descending order of frequency, with ranges as
reported in nine major epidemics).34

Fever (>50%)

Headache (>50%)

Myalgias (20 to >50%)

Fatigue (20 to >50%)

Nausea/vomiting (<20 to >50%)

Arthralgias (<20 to >50%)

Rash or flushing (<20 to >50%)

Sore throat (0 to >50%)

Lymphadenitis (0 to >50%)

Ocular pain (0 to >50%)

Diarrhea (0 to >50%)

Conjunctivitis (0 to <50%)

Cough (0 to <50%)

Abdominal pain (0 to <50%)

Hepatosplenomegaly (0 to >20%)

Myocarditis (0 to <20%)

Pancreatitis (0-20%)

Death (0 to <20%)

Table 2. Neurological manifestations of recent encephalitis epi-
demics, in descending order of incidence.6,13,20,35

Confusion (40-90%)

Meningismus and headache (40-90%)

Somnolence (40-70%)

Diffuse weakness or asthenia (40-60%)

Axonal polyneuropathy (30-50%)

Photophobia (30-50%)

Respiratory failure (10-25%)

Coma (10-15%)

Extrapyramidal syndromes (0-10%)

Anterior myelitis (0-10%)

Ataxia (0-10%)

Polyradiculitis (0-10%)

Seizure (0-10%)

Tremor (0-10%)

Cranial neuropathies (0-10%)

Hypertonicity and hyperreflexia (0-10%)

Optic neuritis (0-10%)
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ogy evidence also conflicted with this diagnosis. These cases
therefore illustrate the type of severe neuromuscular involve-
ment that can occur with West Nile virus infection. Both res-
piratory failure and the expression of a poliomyelitis-like
syndrome are associated with higher incidence of fatal out-
come of the infection,30 though both patients reported here
survived. 

Diagnosis and treatment of West Nile virus infection
Unusual laboratory data in infected patients is typically non-
specific. A modest leukocytosis is often present, but leuko-
cyte counts have been normal in over 50% of patients.
Computed tomography of brain has rarely revealed specific
pathology. Magnetic resonance imaging has occasionally
revealed leptomeningeal enhancement or periventricular
inflammatory changes, but up to 70% of such images have
been unremarkable.6 Cerebrospinal fluid analysis often dis-
closes a mild lymphocyte predominant leukocytosis, but
counts rarely exceed 100 cells/microliter. Spinal fluid glu-
cose is normal and only modest elevation of protein occurs
(rarely exceeding 100 mg/dl). Because of the low levels of
viremia associated with human West Nile virus infection,
neither virus culture nor PCR are sensitive for its detection.

Specific laboratory testing for West Nile virus infection can
be accomplished with IgM antibody capture enzyme-linked
immunosorbent assay (EIA) in both serum and spinal fluid.
Over 95% of those suspected of West Nile virus infection
during the New York epidemic had demonstrable antibody.30

The EIA assay does cross-react with other flaviviruses,
though quantitatively less so.31 Detection of antibody in the
spinal fluid is diagnostic of central nervous system involve-
ment, as the IgM antibody does not cross the blood-brain
barrier. Specific testing is available through state health
departments, and identified infection is reportable to infec-
tious disease registries. The reporting of even a single case
to state agencies may have substantial implications for
regional public health policies.30

Thus far, no treatment has been proven effective for West
Nile virus infection. Patient care largely involves supportive
measures, including the usual prophylactic measures for
complications of immobility and depressed alertness.
Acyclovir for treatment of Herpes simplex encephalitis
could certainly be considered until this possibility is
excluded by specific testing, or the West Nile virus is posi-
tively implicated. Specific treatment for West Nile virus
infection has been attempted with intravenous immunoglob-
ulin32 and oral ribavirin,33 but neither treatment has estab-
lished efficacy. The U.S. Food and Drug Administration has
approved one clinical trial to explore the efficacy of inter-
feron compared to placebo, and it is now accruing patients.

SUMMARY

The West Nile virus has caused epidemics of increasing
magnitude in North American since its arrival in 1999.
Coincident with increased infection rates, a greater inci-
dence of severe meningoencephalitic illness and neuromus-
cular impairment related to the virus has evolved. The respi-

ratory failure or poliomyelitis syndromes that occur lead to
high morbidity and mortality rates. Following the large out-
break of illness in Illinois during 2002, similar epidemics
may occur in neighboring states during future seasons of
high mosquito activity. Usual preventive measures against
mosquito bites, such as the use of repellants, and mosquito
control measures, should be a high priority in these suscepti-
ble regions.10,30 Health care workers need to be vigilant
toward the possibility of West Nile virus infection in patients
encountered with typical symptoms, both for patient care
and public health concerns.
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