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JC Virus Infection: An Expanding
Spectrum of Neurological Disorders
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An article by Simon Grandjean Lapierre et al1 in this issue of
the journal reports another case of JC virus granule cell neuro-
nopathy, which was caused both by a known and a novel JC virus
variant. It has now been 15 years since this disease was first
described by Igor Koralnik et al,2 and it has been 60 years since
E.P. Richardson, Jr., and others first described and named
progressive multifocal leukoencephalopathy (PML).3 Progressive
multifocal leukoencephalopathy is an opportunistic disease
caused by reactivation of latent JC virus that causes infection
of oligodendrocytes, resulting in demyelination; in addition, some
astrocytes are altered and become enlarged with hyperchomatic
nuclei resembling a malignant glioma. In 1965, Gabriele ZuRhein
at the University of Wisconsin in Madison discovered the etiology
by identifying virus-like particles within oligodendrocyte inclu-
sion bodies using electron microscopy.4 Because the particles had
a diameter of 39 nm, she correctly postulated at the time that
the disease was caused by a papovavirus,4 which derives its name
from the first syllables of the main subvarieties: papilloma, the
wart virus; polyoma, oncogenic properties; and vacuolating virus,
which infects monkeys. Thereafter, this finding was soon con-
firmed by viral cultivation, and the virus was named JC virus after
the initials of patient John Cunningham from whom the brain
extract was derived.5 JC virus causes a ubiquitous infection in
over half of adults, and it is typically acquired during childhood.
The virus causes a latent or persistent infection in the
kidneys and lymphoid organs. However, only a small fraction of
immunocompromised patients infected with JC virus actually
develop PML. Progressive multifocal leukoencephalopathy was
initially recognized in patients with lymphoproliferative dis-
orders, and subsequently about 85% of cases occurred in patients
with human immunodeficiency virus (HIV) infection. In the era of
highly active antiretroviral therapy, the incidence of PML has
decreased.6 Progressive multifocal leukoencephalopathy also
occurs in patients receiving immunomodulatory therapies,
including natalizumab, which is of particular concern to neurol-
ogists managing patients with multiple sclerosis.7

Although JC virus infection is predominantly associated with
PML, a variety of other neurological diseases have been recognized
to also be caused by JC virus infection. In 2003, JC virus was first
reported to cause productive infection involving granule cell neu-
rons in the cerebellum and is called JC virus granule cell neurono-
pathy.2 Patients present with dysarthria and appendicular, truncal,
and gait ataxia, and brain imaging shows cerebellar atrophy. Shortly
afterward, it was determined that the tropism for cerebellar granule
cells was related to a JC virus variant with a small deletion in the
VP1 capsid protein.8 In this issue of the journal, Lapierre et al1 report
a patient with prominent cerebellar features without antibodies that
are associated with encephalitis or paraneoplastic disorders, and

with HIV infection and a positive polymerase chain reaction (PCR)
virus assay for JC virus in the CSF. This patient had a JC virus
granule cell neuronopathy, and viral DNA sequencing showed
coinfection with a previously recognized JC virus variant associated
with granule cell neuronopathy and also with a novel JC virus var-
iant with different deletions in the VP1 gene coding for the major
capsid protein of the JC virus. Hence, it is now known that a variety
of viral mutations affecting this viral protein may result in tropism
for cerebellar granule cells and may clinically present a degenerative
cerebellar disease phenotype.

Recently, another disease, a fulminant JC virus encephalopathy
with progressive cognitive decline, aphasia, and seizures, was
described in 2009, in which there was productive infection of cortical
pyramidal neurons by JC virus.9 Interestingly, this patient showed JC
virus with an agnogene deletion that resulted in a 10-amino-acid
truncation of a peptide in a viral protein.10 This deletion has been
found to impair expression of the VP1 structural protein and, hence,
production of progeny virus.11 Another case was recently described
in a kidney transplant recipient.12 In 2017, JC virus meningitis was
reported in a patient with recurrent infections who later developed
lymphocytopenia and presented with cognitive and gait impairment
with urinary incontinence and had communicating hydrocephalus.13

There was postmortem evidence of productive JC virus infection
involving leptomeningeal and choroid plexus cells,13 and recent
studies have shown that JC virus productively infects both choroid
plexus epithelial cells and meningeal cells in vitro.14

The diagnosis of these neurological diseases is based on
detection of JC virus DNA using PCR methods in cerebrospinal
fluid (CSF) or immunohistochemical detection of JC virus antigen
in brain biopsy specimens. JC virus variants have shown tropisms
for a variety of neural cells types: oligodendrocytes and astrocytes
in PML, cerebellar granule cells in granule cell neuronopathy,
cortical pyramidal neurons in encephalopathy, and meningeal and
choroid plexus cells in meningitis. All of these neurological dis-
eases occur in an immunocompromised state either with or without
associated HIV infection. One wonders how many other neurolo-
gical diseases, especially in immunocompromised patients, may
also be shown to be associated with mutations of JC virus. In the
future, we should consider PCR assays for JC virus in the CSF for
puzzling degenerative neurological diseases in immunocompro-
mised patients and perhaps also in other patients without a recog-
nized immunocompromised state.
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