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West Nile virus (WNV) is a neurotropic flavivirus and the leading cause of mosquito-borne
diseases in North America. In approximately 20% of cases, infection leads to a self-limited
febrile illness and, in less than 1%, to a neuroinvasive disease often manifesting as meningo-
encephalitis with or without acute flaccid paralysis.1 Herein, we report the first case of WNV-
associated CNS vasculitis and intracranial hemorrhage, thus expanding the spectrum of WNV
infection.

Case report
A 73-year-old woman was admitted in late summer to the Montreal Neurological Institute and
Hospital in Montreal, Canada, with a 2-day history of acute confusion and high fever. She had
a remote history of renal cell and breast carcinomas, both in complete remission and off
treatment. Initial neurologic examination was remarkable for encephalopathy and right ex-
tensor plantar response. Antimicrobials for suspected meningoencephalitis were empirically
started. Initial head CT scan was unremarkable. CSF examination revealed a lymphocytic
pleocytosis (28 white cells/μL with 59% lymphocytes), no red cells, protein of 0.84 mg/dL, and
glucose of 53.6 mg/dL. Antimicrobials were stopped the next day after negative CSF cultures
and herpes simplex virus PCR. On day 6, the patient developed a markedly decreased level of
consciousness and aspiration pneumonia requiring intubation. Brain MRI showed extensive
and confluent leukoencephalopathy and interval appearance of bilateral convexity subarachnoid
hemorrhage (SAH).

On day 8, the patient was found to have generalized myoclonus. Continuous EEG moni-
toring showed severe slowing but no epileptic activity. The patient was extubated a few days
later and had persistent attention deficit, fluctuating dysphasia, and right extensor plantar
response. Repeat brain MRI with angiography demonstrated interval enlargement of con-
vexity SAHs (figure, A) and tapered stenosis of the left anterior cerebral artery A2 segments.
A digital subtraction angiography (DSA) confirmed the findings on MRA (figure, B).
Follow-up brain MRI with vessel wall imaging a month later showed a new small left frontal
parasagittal intracerebral hemorrhage (ICH) in the absence of cortical or deep-seated
microbleeds and intramural concentric enhancement of the wall of arteries in the circle of
Willis (figure, C and D).

During hospitalization, WNV serology resulted positive for immunoglobulin (Ig) M and IgG in
serum and CSF (performed on day 9 and repeated on day 41). A positive plaque reduction
neutralization test (PRNT, titers 1:80 and 1:40 on days 9 and 41, respectively) confirmed the
diagnosis of WNV neuroinvasive disease. An extensive additional workup ruled out coexisting
autoimmune, paraneoplastic, and systemic vasculitis. Of note, varicella zoster virus CSF PCR
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and serologies for syphilis and HIV were negative. Whole-
body PET/CT showed no evidence of recurrent cancer. The
patient improved with supportive treatment including neu-
rointensive care monitoring and IV hydration. Cortico-
steroids and other previously tried therapeutic agents for
WNV (e.g., IV immunoglobulin, ribavirin, and interferon-
alpha)1 were considered but not administered, given the lack
of evidence for efficacy and the patient’s continuing clinical
improvement. Repeat CSF examination on day 41 revealed
improved pleocytosis (7 white cells/μL), and repeat DSA 3
days later showed resolution of the previously noted left A2
tapering (figure, E). Radiologic monitoring showed resolu-
tion of the intracranial hemorrhages and vascular stenosis
over the ensuing months. She did not complain of overt
headache during the course of the illness, although this was
limited by the initial encephalopathy. On discharge, the
patient was able to walk without support but suffered from
residual cognitive deficits.

Discussion
This case illustrates some of the typical manifestations of
WNV neuroinvasive disease, including encephalitis with
lymphocytic pleocytosis and myoclonus. The diagnosis was
confirmed based on positive IgM serologies and PRNT in
serum and CSF. In addition, this case showcases the unique
complication of SAH and ICH associated with WNV in-
fection. Although rare cases of ischemic stroke in the setting of
WNV have been described,2–4 intracranial hemorrhage had
not been previously reported to our knowledge.

We also describe the rare occurrence of WNV-associated
CNS vasculitis. A single report previously documented

vascular irregularities suggestive of a vasculopathy in a pa-
tient with positive WNV serology.3 In our case, intracranial
vessel wall MRI was consistent with arterial inflammation,
further supporting that the vasculopathy was secondary to
WNV neuroinvasive disease. There is in vitro evidence that
WNV may gain entry to the CNS and infect neurons partly
through invasion of endothelial cells,1,5 providing a poten-
tial explanatory mechanism for the development of vascu-
litis in this setting. We hypothesize that the intracranial
hemorrhages observed in this case were caused by rupture
of small vasculitic vessels. This is analogous to the obser-
vations of retinal hemorrhages with WNV retinal vasculitis.6

Similarly, vasculitis accompanied by cerebral hemorrhage
has been documented with other viral encephalitides, such
as herpesviruses.7

In conclusion, this case highlights the need for clinicians to be
vigilant for vasculitic complications, including intracranial
hemorrhage, in cases of WNV infection. Similarly, WNV
neuroinvasive disease should be considered in the differential
diagnosis of infectious cerebral vasculitis and atypical hem-
orrhagic stroke.
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Figure MRI and DSA

(A) Axial susceptibility-weighted im-
age showing prominent blooming
(arrows) in the sulci of the bilateral
posterior parietal regions at the ver-
tex, frontal lobes, and sylvian fis-
sures, indicating subarachnoid
hemorrhage. (B) DSA showing mild
tapered stenosis in the proximal ex-
tent of the A2 segment of the left
anterior cerebral artery (oval circle)
and mild focal ectasia of left angular
artery (rectangle). (C) Follow-up MRI
demonstrating a new small left fron-
tal intracerebral hemorrhage (arrow)
on an axial susceptibility-weighted
image. (D) Concentric gadolinium
enhancement of the supraclinoid
segment of the internal carotid
arteries and proximal middle cere-
bral arteries bilaterally (arrows), seen
on magnetic resonance vessel wall
imaging. (E) Follow-up DSA showing
interval resolution of the vascular
changes previously noted in the A2
segment of the left anterior cerebral
artery (oval circle) and left angular
artery (rectangle). DSA = digital sub-
traction angiography.
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