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 Case series
 Patients: Male, 34-year-old • Female, 57-year-old
 Final Diagnosis: West Nile virus myeloradiculitis • West Nile virus opsoclonus myoclonus ataxia syndrome
 Symptoms: Confusion • lower extremity weakness • opsoclonus-myoclonus-ataxia
 Medication: —
 Clinical Procedure: Lumbar puncture
 Specialty: Infectious Diseases • Neurology

 Objective: Unusual clinical course
 Background: West Nile virus (WNv) is the leading cause of epidemic arbovirus encephalitis in the continental United States. 

Movement disorders (MDs) have been reported in 20% to 40% of patients with WNv and about 37% of pa-
tients with WNv encephalitis have changes on magnetic resonance imaging (MRI). We report 2 unusual cases 
of neuroinvasive WNv in patients with unusual MDs and unreported MRI findings.

 Case Reports: In the first case, a 34-year-old man presented with a 1-week history of disinhibition, agitation, opsoclonus-my-
oclonus and ataxia syndrome (OMAS), tremor, and facial agnosia. Evaluation of his cerebrospinal fluid (CSF) re-
vealed elevated immunoglobulin (Ig)M against WNv, a high level of protein (98 mg/dL), and an elevated white 
blood cell (WBC) count (134, 37% lymphocytes). An MRI of the brain showed an area of diffusion restriction in 
the splenium of the corpus callosum. The patient’s MRI findings and OMA improved significantly after 2 treat-
ments with i.v. IG (IVIG).

  In the second case, a 57-year-old woman presented with fever, headaches, psychosis, and ataxia; she was sub-
sequently intubated for airway protection. Analysis of her CSF showed elevated IgM against WNv, a high level of 
protein (79 mg/dL), and elevated WBC count (106, 90% lymphocytes). One week after the onset of symptoms, 
the patient experienced facial dyskinesia. Later, she developed proximal bilateral lower extremity weakness. An 
MRI of her lumbar spine showed evidence of myeloradiculitis with contrast enhancement of the conus medul-
laris and ventral nerve roots. After a single treatment with IVIG, she had partial improvement in weakness.

 Conclusions: MDs and changes on MRI have been reported in patients with neuroinvasive WNv disease. Our patient with 
OMAS also had transient splenial diffusion restriction on imaging, which, to the best of our knowledge, has 
not been previously reported with WNv infection. In both patients, treatment with IVIG resulted in improve-
ment in symptoms.
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Background

West Nile virus (WNv) is the leading cause of epidemic arbo-
virus encephalitis in the continental United States [1]. It is a 
zoonotic arbovirus that belongs to the Flaviviridae family [2]. 
Opsoclonus-myoclonus-ataxia syndrome (OMAS) can be as-
sociated with infections (cytomegalovirus, WNv, Epstein-Barr 
virus (EBV), HIV [3], hepatitis C virus [4], varicella-zoster virus 
(VZV) [5]), paraneoplastic processes (small cell lung, ovarian, 
and breast cancer), autoimmune disorders (Hashimoto en-
cephalopathy [6]), brain anoxia, toxic medication (amitripty-
line, haloperidol, and diazepam), and celiac disease [7]. WNv 
infection also has been associated with various movements 
disorders (MDs), including diffuse myoclonus, facial myoclo-
nus, Parkinsonism, hypomimia, postural instability, abnormal 
movements with changes in the consciousness status, dysmet-
ria, and tremor [2,8]. The diagnosis of WNv-induced OMAS is 
multimodal, encompassing clinical findings and evidence from 
serology and neuroimaging [2,9]. A review of case reports and 
other literature revealed that various magnetic resonance im-
aging (MRI) findings are associated with WNv infection. They 
are consistent with the demyelinating process, cortical and cer-
ebellar atrophy, lacunar infarcts, ethmoid sinusitis, increased 
signal intensities on T2-weighted imaging and isolated areas 
of diffusion restriction, meningeal involvement, and intraspinal 
enhancement [2,9-11]. Treatment for WNv-associated OMAS is 
not well described, but anecdotal evidence suggests possible 
benefit with i.v. immunoglobulin G (IVIG) or plasma exchange. 
Here, we discuss the cases of 2 patients with WNv encepha-
litis who presented with unusual MDs and atypical MRI find-
ings and for which treatment with IVIG resulted in resolution 
of symptoms clinically and of signs on imaging.

Case Reports

Case 1

A 34-year-old right-handed man presented to the University 
Hospital with a 1-week history of nausea, vomiting, lethargy, 
low-grade fever and chills, somnolence, disinhibition, jerking 
movements of his upper extremities, an inability to recognize 
familiar people or hands, and gait instability. His physical exam 
was significant for facial and finger agnosia; rapid, involun-
tary, multivectoral (horizontal and vertical), and conjugate fast 
eye movements, with intersaccadic intervals associated with 
myoclonus (opsoclonus); left knee flexion weakness (Medical 
Research Council grades 4-5); extensor plantar response in 
the left foot; right finger flexion response (positive Hoffman 
sign); bilateral finger-to-nose dysmetria; a positive Brudzinski 
sign; and gross appearance of periodic, fast, myoclonic jerk-
ing movements of the left upper and right lower extremities 
in an asynchronous arrhythmical pattern.

The patient was admitted to the Intensive Care Unit (ICU) for 
careful monitoring and started on prophylactic antibiotics and 
antiviral treatment for suspected meningoencephalitis because 
initial testing of cerebrospinal fluid (CSF) showed signs of in-
flammation (Table 1). Serum laboratory testing revealed eleva-
tion in creatine kinase (792 U/L) and leukocytosis (23.2×109/L). 
An MRI of the brain with and without contrast revealed a 0.4-
mm focus of diffusion restriction in the corpus callosum with 
reversal on apparent diffusion coefficient, suggestive of cyto-
toxic edema (Figure 1). A workup for stroke was unrevealing. 
Given the patient’s clinical presentation and the objective ev-
idence, he was diagnosed with post-infectious OMAS.

Over the next several days, the patient’s clinical status dete-
riorated rapidly. After a discussion about the risks and bene-
fits of treatment with IVIG, he was started on 1 g/kg i.v. for 2 
days. It was repeated after 4 days because the first treatment 
resulted in limited clinical improvement. After receiving IVIG, 
the patient had moderate improvement in symptoms.

At this point, because the etiology of the patient’s symptoms 
was still unknown, further workup was ordered and the results 
were unremarkable (Table 1). On day 7 of the patient’s hospi-
tal stay, his CSF tested positive for West Nile IgM antibodies, 
with titers at 7.10. On day 11, a repeat MRI of the brain with 
contrast enhancement showed interval resolution of the focal 
restricted diffusion in the corpus callosum (Figure 2). The pa-
tient was discharged to inpatient rehab after a 13-day hospi-
tal stay. When he was seen in the clinic 1 year later, his symp-
toms had resolved completely and a neurological examination 
revealed no focal findings.

Case 2

A 57-year-old woman presented with a 3-day history of confu-
sion, combativeness, low-grade fever, headaches, tremors, and 
nausea and vomiting with acute onset. Her symptoms had be-
gun with mild tremors that occurred at rest and with intention, 
followed by fevers, chills, combativeness, and aggression with 
violent outbursts against others and inanimate objects. This pro-
gressed to acute psychosis with visual hallucinations (seeing peo-
ple who were not there), along with paranoia, with progression of 
the headaches. She was being treated for bipolar disorder with 
lithium and lamotrigine and was using marijuana recreationally.

Physical examination of the patient was significant for agi-
tation, combativeness, disorientation, dysarthria, and perse-
verative speech. She also exhibited a right gaze preference, 
sialorrhea, and nuchal rigidity (positive Brudzinski sign). She 
was transferred to the ICU and intubated for airway protec-
tion. An initial MRI of the brain was unremarkable. Her serum 
and CSF were tested (Table 1). The CSF was positive for high 
titers of WNv IgM I (8.97).
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Case 1 Case 2 

Age 34 57

Sex Male Female

Symptoms Constitutional symptoms (N/V, lethargy, low-
grade fever and chills)
Neuropsychiatric (somnolence, disinhibition)
Movement disturbance (myoclonus, ataxia, and 
gait instability)
Ocular manifestations (opsoclonus)
Other: finger agnosia, prosopagnosia 

Neuropsychiatric symptoms (confusion, 
agitation, combative behavior, aggressiveness, 
hallucinations, paranoia)
Constitutional symptoms (fever, chills, 
headache)

CMV IgM Negative

HIV Negative Negative

HSV 1 & 2 IgG Negative

RT-QUIC Negative

Heavy metals Negative

CJD Negative

DsDNA Negative Negative

CK 792

Lactate 1.0 1.2

Blood culture Negative×3 Negative×3

WBC 23.2 8.1

UTox Negative Opiates, THC, BZ

Smooth muscle Ab titer Negative Negative

Lyme Dx IgM and IgG Negative Negative

SS-A/B Ab Negative Negative

Smith Ab Negative Negative

Scl-70 Ab Negative Negative

Jo 1 Ab Negative Negative

Anti-HCV Negative Negative

HBcAg IgM Negative Negative

HBsAg Negative Negative

Lyme IgG >0.20 Negative

Lyme IgM Negative Negative

Syphilis IgG <0.2

CRP 2.3 6.0

ESR 12 50

ANA Negative Positive

ANCA Negative Negative

Table 1. Demographics and Testing Results for Cases 1 and 2.
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Table 1 continued. Demographics and Testing Results for Cases 1 and 2.

Case 1 Case 2 

Procalcitonin <0.05 <0.05

Influenza PCR Negative Negative

GAD65 Negative

Endomysial IgA Negative

Tissue transglutaminase 
IgA and IgG 

Negative

Legionella IgM & IgG Negative Negative 

Stool O&P Giardia Negative

Cryptosporidium Negative

CSF studies Protein 98 79

Gram stain Negative Negative 

Culture Negative Negative

Neutrophils 63 4

Lymphocytes 37 90

Color Colorless Colorless

Clarity Clear Clear

RBC 7 9

Nucleated cells 134 106

Glucose 64 57

Meningitis panel Negative Negative

St. Louis encephalitis 
Ab

Negative

Oligoclonal band Negative Negative

Myelin basic protein 1.65 3.90

West Nile virus IgG 0.90 0.45

West Nile virus IgM 7.10 8.97

IgG index 0.60 0.59

JC virus Negative

Cytology No malignant cells, 
many polymorphous 
lymphocytes and 
occasional monocytes

No malignant cells

Mycoplasma PCR Negative

Thyroid studies Thyroglobulin AB Negative Negative

Thyroperoxidase Ab Negative Negative

CSF VDRL Negative
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One week after her presentation and following extubation, 
the patient developed facial dyskinesia, including continu-
ous perioral puckering, lip smacking, and mouth opening. An 
electroencephalogram was done to capture these events, but 
it was negative for any epileptiform activity and showed dif-
fuse slowing. Cognitively, the patient showed improvement, 
although she was still mildly encephalopathic. However, she 
had signs of lower-extremity weakness. An MRI of her thoracic 
and lumbar spine (Figure 3) with and without contrast showed 
leptomeningeal enhancement along the conus medullaris and 
multiple ventral nerve roots. There were also patchy areas of 
edema and enhancement at the T10 to T12 endplates, with 
involvement of the anterior horn cell/root in the thoracolum-
bar region. This was thought to be associated with the WNv 

infection. A repeat lumbar puncture showed a reduction in nu-
cleated cells down to 31 and a slight increase in the percent-
age of CSF lymphocytes to 94%. The patient’s myeloradiculi-
tis was determined to be secondary to WNv infection and she 
was started on IVIG for 5 days, to a total of 2 g/kg. After a 
single treatment with IVIG, there was partial improvement in 
her weakness. Over the remaining course of the patient’s hos-
pital stay, her weakness continued to improve but her men-
tal status fluctuated. She had episodes of psychosis, includ-
ing paranoia and delusions. She exhibited symptoms of mania 
and was evaluated by a psychiatrist. Her outpatient prescrip-
tion for lithium was adjusted and she was started on risperi-
dol. She did not respond adequately and was eventually trans-
ferred for further inpatient psychiatric treatment.

Ab – antibody; ANA – antinuclear antibody; ANCA – antineutrophil cytoplasmic antibody; BZ – benzilate; CA – carbohydrate 
antigen; Chol – cholesterol; CJD – Creutzfeld-Jakob disease; CK – creatine kinase; CMV – cytomegalovirus; CRP – C-reactive protein; 
CSF – cerebrospinal fluid; CEA – carcinoembryonic antigen; DsDNA – double-stranded DNA; Dx – diagnosis; EF – ejection fraction; 
ESR – erythrocyte sedimentation rate; GAD65 – glutamic acid decarboxylase 65-kilodalton isoform; HbA1c –hemoglobin A1c; 
HBcAg – hepatitis B core antigen; HBsAg – hepatitis B surface antigen; HCG – human chorionic gonadotropin; HCV – hepatitis C virus; 
HDL – high-density lipoprotein; HSV – herpes simplex virus; IgA – immunoglobulin A; IgG – immunoglobulin G; IgM – immunoglobulin 
M; JC – John Cunningham; LDH – lactate dehydrogenase; LDL – low-density lipoprotein; MRI – magnetic resonance imaging; 
N/V – nausea and vomiting; O&P – ova and parasites; PCR – polymerase chain reaction; PFO – patent foramen ovale; PSA – prostate-
specific antigen; RBC, red blood cell –; RT-QUIC – real-time quaking-induced conversion; TG – triglyceride; THC – tetrahydrocannabinol; 
UTox – urine toxicology; SS-A/B – Sjogren antibodies A/B; VDRL – Venereal Disease Research Laboratory; VLDL – very-low-density 
lipoprotein; WBC, white blood cell.

Case 1 Case 2 

Lupus Ab Cardiolipin Negative

Mayo Clinic paraneoplastic 
Ab panel (ENC2 & PAC1)

Negative Negative

Stroke workup Lipid panel Chol 127 Chol 199

TG 116 TG 198

HDL 19 HDL 42

VLDL 23 VLDL 40

LDL 85 LDL 117

HbA1c 5.4 6.1

MRI head Negative

Echocardiogram EF 55%, no PFO EF 60% 

Carotid ultrasound No flow limitation

Cancer workup CA 19-9 27.3

PSA 0.51

HCG-beta <5

LDH 232

Alpha-fetoprotein 1.3

CEA 3.8

Table 1 continued. Demographics and Testing Results for Cases 1 and 2.
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A B

Figure 1.  Magnetic resonance images of the brain without contrast. (A) Is a diffusion-weighted imaging sequence. (B) Shows apparent 
diffusion correlation. There is a focal area of diffusion restriction on the left in the splenium of the corpus callosum with 
reversal on the apparent diffusion coefficient map.

A B

Figure 2.  Follow-up magnetic resonance images of the brain after treatment with i.v. immunoglobulin, which show resolution of the 
focal area of diffusion restriction on both diffusion-weighted imaging (A) and apparent diffusion coefficient (B) maps.
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Discussion

Most patients with WNv infection never have symptoms; 80% 
of cases are asymptomatic [2]. The most common symptoms 
are influenza-like, including fever, malaise, headache, joint 
pain, and lymphadenopathy, along with gastrointestinal man-
ifestations such as nausea, vomiting, and decreased appetite. 
Other manifestations can include skin eruption (punctate ex-
anthema, macula or papules), hepatomegaly, splenomegaly, 
and, occasionally, myocarditis and pancreatitis [12]. Central 
nervous system (CNS) involvement is uncommon and, when 
present, can consist of encephalitis, meningitis, Guillain-Barré 
Syndrome, optic neuritis, poliomyelitis-like paralysis, and, rare-
ly, MDs, including OMAS [13]. Other MDs have been associ-
ated with WNv, but in the presence of encephalitis [8]. Our 
patient in Case 2 presented with WNv encephalitis but sub-
sequently developed abnormal facial dyskinesia, which to the 
best of our knowledge is the first such report in the literature.

Diagnosis of WNv is multimodal and often requires analysis of 
findings from both imaging and serum. MRI findings in neuro-
invasive WNv have been shown to involve diffusion-weight-
ed changes in subcortical white matter, corona radiata, and 
the internal capsule; T2-hyperintense flairs in gray and white 
matter, the cerebellum, basal ganglia, thalamus and internal 

capsule, pons and midbrain; and enhancement of the menin-
ges, spinal cord, cauda equina, and nerve roots [11]. Infections 
are a known cause of corpus callosum diffusion restriction on 
MRI. Such infections include EBV, herpes simplex virus, VZV, 
Staphylococcus, Streptococcus, malaria, mumps, measles, and 
adenovirus [14]. To the best of our knowledge, however, this 
is the first time that this imaging finding has been reported 
with neuroinvasive WNv encephalitis, especially in the setting 
of OMAS. When treating patients with OMAS and acute en-
cephalitis of unknown etiology, it is also important to rule out 
an underlying paraneoplastic process. In both of our patients, 
a Mayo Clinic paraneoplastic antibody panel, including ENC2 
and PAC1, was negative (Table 1).

The treatment of WNv encephalitis and neuroinvasive disease is 
mainly supportive. In mouse models, studies have shown a benefit 
for IVIG; pooled human WNV convalescent sera (WNV-IVIG) also 
inhibited development of lethal WNV encephalitis by suppress-
ing CNS infiltration by CD45(high) leukocytes [15]. That study also 
showed that IVIG profoundly reduced the infiltration of Ly6C(high), 
CD11b-positive monocytes, which were the major infiltrating sub-
set in the CNS of infected control mice [6]. The findings confirm 
the potent immunomodulatory activity of generic IVIG and un-
derscore its potential as an effective immunotherapeutic drug for 
encephalitis and other virus-induced inflammatory diseases [15].

A B

Figure 3.  Magnetic resonance images of the lumbar spine without (A) and with (B) contrast show leptomeningeal enhancement along 
the conus medullaris and multiple ventral nerve roots.
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Subsequent clinical trials have shown limited efficacy for IVIG 
in treatment of WNv encephalitis [16]. In the first trial, 242 
patients were screened, but only 64 (26%) met the entry cri-
teria; therefore, their data were not tabulated. This trial was 
terminated prematurely because of slow accrual and reduced 
availability of study products. The trial also did not look at use 
of IVIG in patients with WNv-induced OMAS or atypical MDs. 
A study published in Israel in 2012 [17] showed a prompt re-
sponse to treatment with IVIG in some patients with neuroin-
vasive WNv disease. The findings were consistent with the re-
sponses observed in 10 patients that were previously reported; 
the Israeli genotypes were highly homologous to American vi-
ruses and with cases reported outside of Israel. In this study, 
the population of patients given IVIG also was limited; how-
ever, 3 of them made a complete recovery.

Given the data and studies available, we administered IVIG af-
ter a full discussion of the risks and benefits with our patients, 
who were deteriorating rapidly. Both of them were treated with 
IVIG. In Case 1, the result was a more rapid resolution of objec-
tive findings, with resolution on MRI imaging within 1 week af-
ter initiation of therapy. It is important to note that treatment 
began on hospital day 2 and was started empirically, based on 
the patient’s clinical presentation and objective data, includ-
ing preliminary results of studies of CSF and MRI findings, but 
before serology results confirming WNv were available. If IVIG 
is considered in a patient who is rapidly deteriorating and has 
WNv-induced OMAS or an atypical MD, the risks and benefits 
should be thoroughly discussed with the patient before ad-
ministration. There are also studies showing that monoclonal 
antibodies are effective in this clinical setting [18,19].

Various MDs have been recognized with neuroinvasive WNv 
infection. Frequently reported MDs include tremors, extrapy-
ramidal symptoms, myoclonus, choreoathetosis, and hemi-
ballismus. The facial dyskinesia seen in the patient in Case 2 
has yet to be extensively reported in the literature. Our pa-
tient had a history of bipolar disorder, but a thorough review 
of records from her pharmacy and of the medication admin-
istered to her in the hospital showed that she was not on any 
antipsychotic, antiemetic, or known anti-dopaminergic med-
ication that could have precipitated the dyskinesia. Her only 
home medication for bipolar disorder was lithium, which was 
confirmed by her outpatient psychiatrist. Furthermore, her 
dyskinesia was transient and had all but completely resolved 
by the time of discharge. While the patient was in the hos-
pital, she developed psychosis after the dyskinesia had re-
solved, which was secondary to under-dosing of her lithium, 
for which a psychiatrist was consulted. She was put on ris-
peridone 1 day before discharge and did not have any extra-
pyramidal adverse effects as a result.

The mechanism of the cytotoxic lesion in the corpus callosum 
and OMAS in neurodegenerative WNv is not entirely clear. 
However, literature on the suspected pathogenesis of opsoc-
lonus alludes to the possibility of damage to the omnipause 
cells in the nucleus raphe interpositus of the pons [20] or dis-
inhibition of the oculomotor region of the fastigial nucleus by 
a process that interferes with the inhibitory projections of the 
Purkinje cells of the deep cerebellar nuclei to the fastigial nu-
clei [20]. When an autoimmune etiology is suspected, the lit-
erature supports autoimmune dysfunction of the Purkinje cells 
in the dorsal vermis and subsequent disinhibition of the ocu-
lomotor fastigial region [21]. Mechanisms underlying opsoc-
lonus that occurs after infection are probably related to dys-
function in cell- and humoral-mediated immune responses [4]. 
This has been reported to occur after infection with entero-
virus, Borrelia burgdorferi, Streptococcus, Coxsackievirus, EBV, 
mumps, and WNv [22].

The prognosis for patients who have neuroinvasive WNv is 
variable and often depends on other comorbid and immuno-
deficiency states; the mortality rate is estimated to be 10% to 
30% [23]. Neurological recovery is estimated to take 6 months 
to 1 year and can be incomplete, with persistence of headache, 
muscle pain, lethargy, and asthenia [24]. The patient in Case 2 
had baseline neuropsychiatric illness (bipolar disorder), which 
could explain her incomplete recovery and residual psychiatric 
symptoms even after resolution of her other symptoms. The 
patient with OMAS in Case 1, who had limited comorbidities, 
responded very quickly to IVIG, with improvement in clinical 
and radiologic signs.

Because neuroinvasive disease is uncommon with WNv, clin-
ical trials of IVIG or plasmapheresis for it have not been per-
formed. Thus, more studies are needed to validate use of IVIG 
for neuroinvasive WNv, along with studies to show a correla-
tion between IVIG and resolution of changes on MRI.

Conclusions

Neuroinvasive WNv can cause significant morbidity in affect-
ed patients. Unusual MRI findings have been reported in pa-
tients with it. This disease process also should be considered 
when a cytotoxic lesion of the corpus callosum is present. MDs 
also have been seen in patients with neuroinvasive WNv, and 
when these individuals are encountered, careful attention to 
facial dyskinesia can lead to suspicion of an underlying arbo-
virus illness, such as WNv. Our case reports advance knowl-
edge about neuroinvasive WNv, expand upon what is already 
known in the literature, and provide new insight into uncom-
mon and unusual presentations of this disease.
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