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Human neurologic illness following infection with West Nile virus (WNV) may
include meningitis, encephalitis, and acute flaccid paralysis (AFP). Most WNV-
associated AFP is due to involvement of the spinal motor neurons producing
an anterior (polio)myelitis. WNV poliomyelitis is typically characterized by
acute and rapidly progressing limb weakness occurring early in the course of
illness, which is followed by death or clinical plateauing with subsequent
improvement to varying degrees. We describe four cases of WNV poliomyelitis
in which the limb weakness was characterized by an atypical temporal
pattern, including one case with onset several weeks after illness onset,
and three cases developing relapsing or recurrent limb weakness following
a period of clinical plateauing or improvement. Delayed onset or recurrent
features may be due to persistence of viral infection or delayed neuroinvasion
with delayed injury by excitotoxic or other mechanisms, by immune-mediated
mechanisms, or a combination thereof. Further clinical and pathogenesis
studies are needed to better understand the mechanisms for these phenomena.
Clinicians should be aware of these clinical patterns in patients with WNV
poliomyelitis. Journal of NeuroVirology (2010) 16, 93—100.
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Introduction

West Nile virus (WNV) is a neurotropic flavivirus
that is naturally transmitted to humans through the
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bite of infected mosquitoes of the Culex spp. (Hayes,
2005). Most human infections are asymptomatic, and
most clinical illness is characterized by a mild, self-
limited febrile syndrome associated with fatigue,
myalgias, and rash. A small percentage of cases,
particularly older persons and immunocompromised
individuals, develop West Nile neuroinvasive dis-
ease (WNND) characterized by aseptic meningitis or
encephalitis; however, a smaller number of persons
may develop acute flaccid paralysis as a manifesta-
tion of WNND (Li et al, 2003). This is most com-
monly due to viral infection of spinal anterior horn
cells, resulting in anterior (polio)myelitis. WNV
poliomyelitis typically has an onset within a short
time after development of initial symptoms, with
rapid progression to clinical nadir evolving over
hours to days. It is generally associated with a mono-
phasic course, with death in a minority of cases and,
in others, development of a clinical plateau, with
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varying degrees of subsequent improvement. We
describe four cases of WNV poliomyelitis character-
ized by unusual features, including delayed onset of
weakness or recurrent limb weakness following a

period of clinical plateauing or improvement
(Table 1).
Case 1

A 40-year-old previously healthy woman from New
Mexico developed a sensation of muscle tightness in
her lower back on August 14, 2003. The following
day, she developed acute fever and headache. On
day 3 after onset, she presented to an emergency
department with fever, headache, photophobia, nau-
sea, and difficulty concentrating. There was no
demonstrable weakness on examination. A lumbar
puncture was performed, and showed a cerebro-
spinal fluid (CSF) white blood cell (WBC) count of
263/mm® (74% lymphocytes), protein of 98 mg/dl,
and glucose of 51 mg/ dl. She was hospitalized
overnight and discharged the following day. On
day 7 of illness, she sought serologic testing for
WNV; WNV-specific immunoglobulin M (IgM) anti-
bodies were identified in a single titer by testing from
the state health department laboratory. On about day
13 of illness, she developed weakness and pain in the
right leg, as well as a sensation of “twitching” in
muscles diffusely, with the right leg most affected.
There was no other associated weakness, and there
was no subjective numbness. Over the next several
days the right leg weakness gradually worsened, first
to the point of requiring a cane, and then to the point
of inability to ambulate. There was no weakness in
the left leg or the upper extremities, and there was no
bowel or bladder dysfunction.

She presented to a neurologist on day 40 of illness,
where examination was notable for normal strength
and sensation in the upper extremities and left lower
extremity, but diffuse weakness of the right lower
extremity, with 3/5 strength of proximal leg muscles,
and 4/5 weakness of ankle flexion; there was mild
atrophy present in proximal and distal right leg mus-
cles, and no fasciculations were noted. She was dif-
fusely hyporeflexic, but with absent deep tendon
reflexes (DTRs) in the right leg. Over the next several
months, she gradually improved in strength, remain-
ing essentially unable to ambulate, but was not
hospitalized. She noted leg “twitching,” hand tre-
mors, and photophobia lasting several months. By
November, she was able to ambulate with aid of a
cane; neurologic examination on November 24
(90 days after onset) demonstrated mild weakness
(4+/5) of right proximal leg muscles and normal
strength distally. By March 2004, she had achieved
normal strength and gait. Serum tested in December
2004 demonstrated a WNV-specific IgG antibody titer
of 2.53 and IgM antibody titer of 0.26 by IgM antibody
capture—enzyme-linked immunosorbent assay (MAC-

ELISA). Electrodiagnostics performed in December
2004 demonstrated slightly prolonged right tibial
F-wave, and “neurogenic” motor units suggestive of
chronic denervation in quadriceps bilaterally.

Case 2

A 44-year-old male from northern Colorado with no
prior medical conditions or immune suppression
developed acute fever, headache, and myalgias
around August 15, 2003. The following day he expe-
rienced lower extremity weakness, right greater than
left, which progressed in severity over the next 72 h
to the point that he was unable to ambulate. Weak-
ness was associated with sharp pain in the affected
limbs. On day 4 of illness, he presented to hospital,
where he continued to complain of headache, myal-
gias, and lower extremity pain and weakness. Neu-
rologic evaluation at admission demonstrated a left
abducens nerve palsy and asymmetric lower extre-
mity weakness, with 3/5 strength in right hip and
knee flexion/extension, 2/5 strength in right dorsi/
plantar flexion, and 4/5 strength in left leg muscles
diffusely. Knee and ankle DTRs were absent bilater-
ally. There were no sensory deficits. CSF examination
demonstrated 168 WBCs/mm® (87% lymphocytes),
protein of 87 mg/dl, glucose of 55 mg/dl. WNV-spe-
cific IgM antibodies were detected in the CSF. There
were no features of meningitis, and mental status was
normal. There was no bowel or bladder dysfunction.

Electrodiagnostics performed on August 25 dem-
onstrated normal conduction velocities, decreased
motor amplitudes, and slightly prolonged F-waves
in lower extremity nerves, and normal sural sensory
studies, consistent with a severe asymmetric process
involving motor axons and/ or anterior horn cells. By
day 15 of illness, he had gradually improved in
strength, with 4/5 strength in right knee flexion/
extension and 3/5 strength in right dorsi/plantar
flexion, and the abducens palsy had resolved. How-
ever, on day 20 of illness, he developed rapidly
worsening lower extremity weakness, and within
24 h had developed bilateral lower extremity flaccid
paralysis. He complained of upper extremity weak-
ness and shortness of breath. Due to declining
arterial blood gas measurements and respiratory dis-
tress, he was intubated. On day 22 of illness, he
developed acute ventricular fibrillation, was unable
to be resuscitated, and died. Autopsy was not
performed.

Case 3

A 64-year-old woman from New England had a
history of follicular lymphoma diagnosed in 2005,
transformed to diffuse B-cell lymphoma in 2008
and subsequently treated with rituximab,
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cyclophosphamide, doxorubicin, vincristine, and
prednisone. An autologous donation of the patient’s
blood for stem cell transplantation obtained on Sep-
tember 12, 2008, had tested positive for WNV RNA
by nucleic acid amplification testing (NAAT), and
was destroyed. On September 16th, she presented
with fever up to 102°F and chills. Two days after
fever onset, she was admitted to hospital with com-
plaints of fever, chills, and progressing leg weakness.
She was treated with antibiotics, and discharged on
day 4 of illness; serology for WNV antibodies was
negative, but serum was WNV polymerase chain
reaction (PCR)-positive. She was readmitted on day
8 with increasing fevers, fatigue, weakness, and
decline in mental status. She was transferred the
same day to intensive care, and treated with poly-
clonal intravenous immune globulin and antibiotics.
CSF at admission demonstrated 165 WBCs/mm®
(43% lymphocytes, 41% neutrophils), 15 red blood
cells (RBCs)/mm?, protein of 124 mg/dl, and glucose
of 47 mg/d]; testing for WNV RNA and WNV-specific
antibodies was negative. The patient remained
febrile and encephalopathic for the next 7 days,
but by day 12 began to improve. At this time, she
had generalized fatigue, but no focal weakness was
noted. Convalescent serum collected 16 days after
onset was negative for WNV RNA or WNV-specific
antibodies.

On day 24, the patient was transferred to inpatient
rehabilitation. She was alert and oriented, with no
cranial nerve abnormalities. She was noted to be
diffusely mildly weak, with slightly diminished
DTRs globally, and with intact sensation. She con-
tinued to progressively improve; however, on day 35
of illness, she developed acute worsening of left
proximal leg weakness, which worsened over the
next 24 h. The following day, neurologic evaluation
demonstrated 3/5 strength in left hip flexors and
extensors, and 2/5 strength in left knee and ankle
flexors and extensors; there was no bowel or bladder
dysfunction. A magnetic resonance imaging (MRI) of
the lumbosacral spine demonstrated diffuse degen-
erative joint disease with very mild central canal
stenosis but no cord abnormalities. Electrodiagnos-
tics performed on day 37 (Table 2) demonstrated
normal distal latencies and conduction velocities,
with decreased motor amplitudes in lower extremity
nerves greater on the right, consistent with a severe
asymmetric process involving motor axons and/or
anterior horn cells. Electromyography (EMG) of the
lower extremities showed neuropathic changes,
greater proximally, and spontaneous activity in para-
spinal muscles. Repeat CSF drawn on day 37 dem-
onstrated 28 WBCs/mm® (96% lymphocytes), 1 RBC/
mm?®, protein of 156 mg/dl, and glucose of 51 mg/dl;
CSF testing was negative for WNV antibodies or
RNA. She was acutely rehospitalized, and over the
next several days, her weakness stabilized. She was
discharged on day 58, wheelchair-dependent. Over

the next several months, she gradually improved and
was able to ambulate with crutches.

Case 4

A 68-year-old male from Minnedosa, Manitoba, had
no significant previous medical problems except for a
remote occipital infarct and right knee arthroscopic
surgery. On about August 7, 2008, he developed an
illness with fever, mild headache, nausea, and
anorexia. From the onset of this illness, he experi-
enced progressive weakness and aching discomfort in
his legs, more marked on the right side. He was
admitted to hospital on day 14 of illness. On exami-
nation his temperature was 39°C. He had moderate
weakness in the right leg (grade 3/5 strength), mild left
leg weakness (grade 4/5 strength), worse proximally,
and mild distal left arm weakness and reduced DTRs
in the legs, and no Babinski’s signs. Sensory exami-
nation was normal. CSF showed 143 WBCs/mm®
(96% mononuclear), protein 78 mg/dl, and glucose
30 mg/dl (serum 53). A convalescent serum drawn
95 days after illness onset was positive for WNV-
specific antibodies. MRI of the spinal cord showed
mild enhancement of the conus medullaris and
bilateral ventral roots in a symmetrical distribution.
He remained stable in hospital and was transferred
for rehabilitation on day 22.

There was little change in his neurological status
until September 25 (day 49), when over a period of
about 24 h he developed worsening of his leg weak-
ness. Right leg strength became 0/5 and the left leg
3/5. Sensation was normal. Bladder and bowel func-
tion remained intact. Repeat CSF showed 6 WBCs/
mm® (100% mononuclear), protein 80 mg/dl, and
glucose 38 mg/dl. Repeat spinal MRI was unchanged.
Electromyography (Table 2) showed widely distrib-
uted moderate to marked reinnervation changes with
reduction of recruitment, with fibrillations in the
right quadriceps muscle and the left tibialis anterior.
He was discharged from hospital on day 60 without
any significant improvement in his weakness. How-
ever, after discharge he noted progressive improve-
ment beginning later in the month. Examination on
January 28, 2009 (day 174) showed right leg strength
of 2/5 and left leg strength of 5/5 proximally and 4/5
distally. He has had impotence since the onset of the
acute illness.

Discussion

Although most WNND is manifest as meningitis or
encephalitis, acute flaccid paralysis is another pre-
sentation of severe WNV infection, and may occur
with or without concomitant meningoencephalitis
(Flaherty et al, 2003; Li et al, 2003; Saad et al,
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2005; Sejvar et al, 2003). Several etiologies of WNV-
associated acute flaccid paralysis have been
described, including acute inflammatory demyelin-
ating polyradiculoneuropathy [AIDP] (Ahmed et al,
2000; Leis and Stokic, 2005), multifocal motor neu-
ropathy (Sumner and Jones, 2008), and brachial
plexopathy (Leis and Stokic, 2005; Sejvar et al,
2003). However, the most common etiology appears
to be viral involvement of spinal anterior horn
cells resulting in acute anterior (polio)myelitis
(Al-Shekhlee and Katirji, 2004; Glass et al, 2002;
Leis et al, 2002, 2003; Li et al, 2003; Saad et al,
2005; Sejvar et al, 2003). WNV poliomyelitis is char-
acterized by the onset of flaccid limb weakness or
paralysis associated with diminished or absent
DTRs. Weakness is frequently asymmetric, and
may be limited to one limb (Li et al, 2003; Sejvar
et al, 2003). Although sensory loss is uncommon,
weakness is frequently accompanied by aching or
pain in affected limbs similar to that reported in
poliovirus-associated poliomyelitis (Bendz, 1954).
Approximately 30% of patients have involvement
of the diaphragm and/or intercostal muscles result-
ing in acute neuromuscular respiratory failure; this
manifestation is associated with high morbidity and
mortality (Leis et al, 2003; Sejvar et al, 2003, 2005).
Spinal MRI may demonstrate signal abnormalities in
affected cord regions, particularly on T2-weighted
sequences and/or gadolinium enhancement of nerve
roots (Kraushaar et al, 2005; Li et al, 2003; Malzberg
et al, 1993; Park et al, 2003). Electrodiagnostics will
frequently demonstrate decreased motor amplitudes
with normal conduction velocities, prolonged
F-waves, and normal sensory studies, suggestive of
involvement of motor axons and/or anterior horn
cells (Al-Shekhlee and Katirji, 2004; Asbury et al,
1990; Glass et al, 2002; Leis et al, 2002; Li et al,
2003). CSF generally demonstrates a mild to moder-
ate pleocytosis and elevated protein (Tyler et al,
2006). These electrodiagnostic and CSF findings
are helpful in differentiating poliomyelitis due to
WNV and other viruses from other etiologies of acute
flaccid paralysis, such as AIDP and botulism.

WNV poliomyelitis generally presents early in the
course of WNV illness; one series determined a
median interval between illness onset and onset of
limb weakness of 3 days (Sejvar et al, 2005), and
weakness onset greater than 1 week after initial illness
is unusual. Although data are limited, most studies
suggest that weakness evolves rapidly over a period of
days, followed by death or subsequent clinical pla-
teauing followed by varying degrees of improvement
(Li et al, 2003; Sejvar et al, 2005). About one third of
patients will experience substantial limb strength
recovery, a third less pronounced strength recovery,
and a third experience little or no recovery from
clinical nadir (Sejvar et al, 2006). Our patients differ
from this clinical pattern. Case 1 had the first onset of
limb weakness over 2 weeks after illness onset. Case 2
had worsening of weakness after a period of initial

improvement, whereas Cases 3 and 4 had worsening
after a period of clinical stabilization.

The underlying pathogenic mechanisms for the
development of WNV poliomyelitis are not well
understood. WNV likely spreads to the CNS by the
hematogenous route. Recent in vitro studies have
shown that WNV spreads within the CNS by both
anterograde and retrograde axonal transport (Samuel
et al, 2007). These authors have postulated that acute
flaccid paralysis may be a stochastic event that
reflects viral entry into the peripheral nerves, based
on in vivo studies in hamsters using peripheral inoc-
ulation into the sciatic nerve. Viral dissemination
throughout the CNS likely occurs by axonal
transport. Morrey et al (2008) have shown that a
neutralizing monoclonal antibody directed the E16
capsid protein can prevent the development of acute
flaccid paralysis in experimentally infected hamsters
after the development of infection of spinal cord
neurons. This raises the possibility of future thera-
peutic approaches.

The explanation for the prolonged period between
illness onset and weakness, or for the relapse/
delayed worsening of weakness in our cases is not
clear. Persistent isolation of virus associated with
recurrent or relapsing illness has been observed in
the setting of infection with the closely related fla-
viviruses Japanese encephalitis virus and tick-borne
encephalitis virus (Kuno, 2001), and viral RNA has
been isolated from the synovial tissue of one patient
with the arthritogenic arbovirus chikungunya 5
weeks after illness onset (Brighton and Simson,
1984; Carmona et al, 2008). Cases of relapsing or
recrudescent meningitis and encephalitis from WNV
have anecdotally been reported (personal communi-
cations to J. J. Sejvar). However, to date, no cases of
clinical relapsing illness have been associated with
clear evidence of viral persistence. Presence of WNV
RNA and WNV antigens have been detected in CSF
and brain tissue in a patient with B-cell lymphoma
over 70 days after initial infection (Penn et al, 2006).
Delayed neuroinvasion into the spinal cord with
infection of anterior horn neurons is a possibility.
This seems most likely in Case 1, where there was
delayed-onset limb weakness. However, the mechan-
isms that might be involved for delayed neuroinva-
sion are unknown.

Muscle weakness in acute flaccid paralysis may
result from direct viral damage to ventral horns cells
and/or their neuronal processes. Excitotoxicity has
been shown to be important in producing flaccid
paralysis in experimental infection in mice with
Sindbis virus, an arbovirus in the family Togaviridae
(Darman et al, 2004; Nargi-Aizenman and Griffin,
2001). Neuronal injury has been suggested to occur
in the setting of spinal cord injury (Park et al, 2004)
and in neurodegenerative diseases, such as amyo-
trophic lateral sclerosis (Sun et al, 2006), on the basis
of excitotoxicity. Thus, excitotoxicity-mediated
neuronal injury is a potential mechanism in WNV



poliomyelitis, and other mechanisms of injury or
death of anterior horn cells or injury to motor nerve
roots may play an important role.

Cases 2, 3, and 4 all developed recurrent clinical
disease within a period of 3 to 7 weeks after the onset
of illness, a time frame consistent with an immune-
mediated mechanism for recurrence in these
patients. Repeat CSF analyses on Cases 3 and 4 at
the time of recurrent limb weakness showed substan-
tial reduction in the CSF pleocytosis compared with
the time of the initial illness. The development of
cross-reactive antibodies or inflammatory cells is the
presumptive mechanism for the development of neu-
rologic disease occurring days or weeks following an
antecedent antigenic challenge by infection in the
setting of postinfectious inflammatory polyradiculo-
neuropathies (Hughes and Cornblath, 2005; Van der
Meche et al, 2001) and acute disseminated enceph-
alomyelitis (Johnson, 1998; Tenembaum et al, 2007).
A similar mechanism has not been described with
specific involvement of ventral horn cells, but an
immune-mediated motor axonopathy (acute motor
axonal neuropathy; AMAN), resulting in acute flac-
cid paralysis, has been described (Feasby et al,
1986; Heckmann et al, 1999). The lack of progression
followed by a major relapse occurring within about
3 to 7 weeks, the development of asymmetrical motor
weakness with relative preservation of reflexes (par-
ticularly in the upper extremities), and the lack of
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