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Progressive multifocal leukoencephalopathy -
epidemiology, immune response,
clinical differences, treatment
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ABSTRACT

Progressive multifocal leukoencephalopathy (PML) is a severe
disease of the central nervous system with very high mortality.
It is caused by the JC virus with high seroprevalence, at up to
80%. Development of PML is typically opportunistic, particularly
in acquired immunodeficiency syndrome, and usually affects pati-
ents with profound immunodeficiency. Furthermore, as a result of
highly efficient immunosuppressive and immunomodulatory tre-
atments in recent years, the number of PML cases has increased
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Progresivni multifokdIni leukoencefalopatie (PML) je zavazné
onemocnéni centrdini nervové soustavy s velmi vysokou morta-
litou. Pfi¢inou onemocnéni je JC virus s vysokou séroprevalencf
dosahujici az 80 %. PML je typické oportunni onemocnéni
vyskytujici se zejména u syndromu ziskané imunodeficience
u pacientd s hlubokym imunodeficitem. Pocet pripadl PML se

INTRODUCTION

Progressive multifocal leukoencephalopathy (PML) is
a severe demyelinating disease of the central nervous
system (CNS) with rapid progression and fatal outcome,
which affects the white matter of the cerebral hemi-
sphere [1-3]. It is caused by the JC virus (JCV), a polyoma
virus found worldwide with high seroprevalence, at up
to 80% [1, 4]. JCV was named after the patient with PML
whose initials were J.C. in 1971 [4]. But PML is not the
only a brain disorder. Besides the infection of oligoden-
drocytes also disorders induced by infection of neurons
were detected. Other disorders that have been described
include granule cell neuronopathy (GCN) of the cerebel-
lum [5] and a fulminant JCV encephalopathy involving
cortical pyramidal neurons [6, 7]. In addition, PML can
present clinically as a JCV-associated meningitis in the
absence of encephalitis [4].

The overall incidence of PML in the general population is
recorded to be 4.4/100 000 inhabitants/year [8].
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in the general population. In this article, the authors mention
virological and epidemiological relationships and characteristic
manifestations of PML. Possible relationships of humoral and
cellular immunity are discussed and limited treatment options
including prophylaxis are mentioned.

KLICOVA SLOVA
cellular immunity - CD4/CDS8 ratio - HIV - multiple sclerosis
- progressive multifocal leukoencephalopathy

vSak v poslednich letech zvysuje také u vSeobecné populace
jako dusledek vysoce ucinnych imunosupresivnich a imuno-
modulacnich lé¢ebnych postupl. V tomto ¢lanku autori uvadéji
virologické a epidemiologické souvislosti a charakteristické
projevy PML. Jsou diskutovdny mozné vztahy humorainf a
bunécné imunity a jsou zminény omezené moznosti [écby
véetné profylaxe.

KLICOVA SLOVA
bunééna imunita - pomér CD4/CD8 - HIV - sclerosis
multiplex - progresivni multifokalni leukoencefalopatie
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A dramatic 50-fold increase in the incidence occurred
with the human immunodeficiency virus (HIV) epi-
demic [9]. Patients with HIV-1 infection make up 4/5
of all patients analyzed in literature [8]. PML is the 3rd
most common infectious neurological disease seen in
HIV-positive patients, and was an extremely rare disor-
der prior to the acquired immunodeficiency syndrome
(AIDS) pandemic [10]. Development of PML is typically
opportunistic and it usually affects patients with pro-
found immunodeficiency due to HIV infection [1, 8]. The
1-year survival in HIV-positive patients treated with ART
is 38-62% [11, 12]. Furthermore, as a result of highly ef-
ficient immunosuppressive and immunomodulatory
treatments in HIV-negative patients in recent years, the
number of PML cases has increased in this population [4].
In multiple sclerosis (MS), PML has been reported in
two MS patients treated with fingolimod and in one
patient treated with dimethyl fumarate [13]. PML was
also reported in three patients receiving dimethyl fu-
marate both with and without lymphopenia, but these



patients were treated for psoriasis and not for MS [14].
Three cases of PML were reported in patients treated with
natalizumab in 2004, two of them were treated for MS
and one of them for Morbus Crohn. The drug was rein-
troduced in the market in 2006 with new precautions
as monotherapy for relapsing-remitting MS patients
with high disease activity. Despite this new precau-
tions, additional three cases were diagnosed in 2008,
nine cases were diagnosed in 2009 [15] and numbers
of PML cases steadily rose with 566 confirmed cases by
2015 [16-19]. The global overall risk for patients on natali-
zumab is estimated to be 3.96/1000 patients [11, 20]. The
risk of PML increases with longer treatment duration
with maximum risk of 6.11-8.3/1000 patients at 24
months. Previous treatment with immunosuppressant
drugs increases risk reaching a maximum incidence of
13/100 000 JC antibody negative patients on natalizumab
for more than 49 months. The mortality rate in natali-
zumab associated PML is approximately 22%.

PML was originally rarely associated with lymphoma
[21]. PML is also associated with other conditions such
as other hematological malignancies, organ transplan-
tation, solid malignancies, sarcoidosis, autoimmune
disorders (e. g. lupus, rheumatoid arthritis), and con-
genital immune deficiencies (e. g. idiopathic CD4+ T
lymphocytopenia) [21, 22]. These populations account for
less than 10% of all reported PML cases [23].

Taken together, conditions associated with PML are as
follows: HIV-AIDS defining 1/100/year without ART;
6/10 000/year with ART; hematologic malignancies
8.3/100 000/year in lymphoma; rheumatologic condi-
tions 1/100 000/year, organ transplants (heart, lung,
kidney) 1/1000; bone marrow transplants 3.5/10 000/
year; immunomodulatory treatments (i. e. in MS) 1/1000/
year [11, 20].

THE JCV GENOME

JCV is a dsDNA naked neurotropic polyomavirus; but it
is still incompletely understood how the virus infects
the CNS [9]. Severe, prolonged immunosuppression
may lead to JCV dissemination to the CNS from sites of
persistence (kidney, bone marrow, lymphoid organs,
tonsils, spleen), or to reactivation of dormant virus al-
ready present in the CNS [24, 25].

Nucleotide sequence analysis of JCV in peripheral blood
mononuclear cells (PBML), urine, and cerebral spinal
fluid (CSF) of PML patients has revealed JCV sequen-
ce variations and rearrangements that influence viral
pathogenicity and tropism [24, 26, 27].

JCV persists in at least two forms: a non-pathogenic
form (archetypal virus) and a neurotropic form that
contains a rearranged non-coding control region (NCCR)
[23, 24, 28].

Kidney-resident archetypal JCV strains which was iso-
lated from the urine of healthy individuals, is highly
conserved [7]. The archetypal virus was isolated from
sewage samples from different geographical areas sug-
gesting a possible transmission by contaminated food,
water and fomites [29].

Archetypal JCV strains can turn into neurotropic JCV
strains during immunosuppression [7, 9, 30]. Upon
immunosuppression and reactivation of the virus, rear-
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rangements within the hyper-variable region occur and
contain determinants for neurotropism and neuroviru-
lence correlating with viral spread and development of
PML [7, 31].

Glial cells (the main targets of JCV in the brain) and B
cells, but not T cells, both express nuclear DNA binding
proteins that interact with the regulatory region of the
JCV genome and may permit JCV replication [24]. Two
transcription factors (NF-1X and Spi-B) important for
JCV genome transcription are upregulated in glial cells, B
cells and hematopoetic progenitor cells [24, 27, 32]. Spi-B
binding sites are present in the promoter/enhancer of JCV
neurotropic variants but not in the archetypal virus [24].
Replication of the JCV genome is dependent on a viral pro-
tein, termed T antigen (T-ag). T-ag contains several func-
tional regions, including the helicase domain [7.33-35].
T-ag is a hexameric protein with a helicase activity that
is powered by ATP binding and hydrolysis. The helicase
and ATPase function is critical for viral replication [35].
The induction of early gene transcription by JCV T-ag is the
first step in viral replication and a key potential target for
blocking reactivation of JCV [33, 36, 37].

Thus, the following conditions are required for JCV-
-induced PML to occur: changes in the NCCR that enhance
viral transcription and replication; presence of transcrip-
tion factors that bind to the rearranged NCCR; immuno-
deficiency [24]. Other factors such as an individual genetic
predisposition may also be necessary [11, 24, 38].

IMMUNOPATHOGENESIS OF PML

Innate immunity plays a central role in CNS protection
against a variety of neurotropic viruses [39]. On the other
hand, symptomatic JCV infection of the CNS is associa-
ted with disturbances of adaptive immunity affecting B
cells, antibodies, and CD4+ and/or CD8+ T cells. But it
is still not fully understood, which components of the
immune system prevents development of PML and
which immune mechanisms are involved in elimina-
ting the virus from CNS [30]. Upon the suppression of
CD4+ and CD8+ T-cell mobilization, as occurs with HIV
infection or during immunomodulating therapy, the
JCV enters the brain, either with B cells or as a cell-free
virus, where it infects and kills oligodendrocytes, leading
to demyelination [9]. Patients who develop PML have
a pathogenic form of the virus, with specific changes
in the regulatory region and the major viral capsid pro-
tein VP1 that may facilitate the spread of the virus from
the periphery to the brain [40].

B cells, the antibody producing cells of the immune
system, can serve as a viral reservoir and may help disse-
minate the virus in the brain [20, 24]. At the same time
B cells are not an important component of the adaptive
immune response which do not may play a role in JCV
control [24]. Neutralizing antibodies against JCV, typi-
cally found in most individuals, neither protect against
the development of PML, nor effectively clear the virus
from the body [36]. Intrathecal synthesis of oligoclonal
antibodies against VP1, the major structural protein of
JCV, is also found in PML patients, but its protective
effect is unclear [24] and the humoral response alone
is inefficient at clearing JCV infected cells [15].
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Many disorders lead to oligoclonal IgG bands (OBs) in
serum, which may also be presented in the CSF due to
disruption of the blood-brain barrier (BBB). Identical OBs
in CSF and serum (type 4) - so called “mirror-pattern” -
suggest systemic immune activation, without local IgG
synthesis in the CNS. OBs in the CSF with additional
identical OBs in both CSF and serum indicate systemic
and intrathecal immune activation (type 3) - a combi-
nation of type 2 and 4. Presence of OBs type 2 confirmed
intrathecal IgG production without systemic activation
suggests an alteration in the CNS parenchyma or CSF
compartment. It is non-specific and can be demonstra-
ted in numerous affections of the CNS [41]. In factitis
unclear what the OBs are [42].

The role of B cells in JCV infection and PML is likely
more complex. B cells may help to control JCV infection
through functions other than antibody production.
B cells secreting Th1-type cytokines such as INF-y probably
enhance the Thl response and thereby help to establish
effective CD8 T cell activity against JCV [24].

Cell-mediated immunity plays a more effective role in
clearing initial or reactivated JCV infection before PML
occurs [43]. Cellular immunity and increase in CD4+ cell
counts appears to play a crucial role in the control of the
JCV infection [24]. Several lines of circumstantial evidence
exist suggesting that CD4+ helper T cells are crucial to the
prevention of JCV spread [36]. Specific CD4+ T cells have been
detected in the blood of patients who have survived PML,
and the number of these cells correlates with JCV clearance
from the CSF [9]. However, CD4+ T cell count alone cannot
predict disease progression, suggesting that other cell
types are also crucial for viral containment [36, 44].

A low CD4/CDS8 ratio reflects immunologic dysregula-
tion because cytotoxic CD8+ cells (CTLs) are extremely
destructive and induce apoptosis in the target cells [45].
Expansion of the CD8+ compartment is accompanied by
adverse cellular changes and excessive defense anti-JCV
response. This CD8+ CTL response plays an important role
in controlling replication of JCV by killing infected cells [4]
and controlling replication of many viruses [36].

CTLs recognize the epitopes of viral proteins presented on
the class I HLA molecules preventing further spread of the
virus. Increased CTLs are usually detected in the blood of
PML survivors [9, 17], in PML lesions where they aggregate
around infected cells and rarely in patients with PML, who
have a fatal outcome within 1 year from disease onset [9].
Even if the CD8+ T cell population stayed constant, the
CD4/CDS8 ratio has improved with improvement in the
CD4+ count alone. It also seems to lead to normalization of
immunological functions. A reduction of the CD4/CD8 ratio
might facilitate the occurrence of PML [46]. More recent
studies have suggested that while overall CTL responses
are dampened in PML patients, those patients who do elicit
a CTL response against T-antigen or VP1 may have better
clinical outcomes [47]. Comparatively, PML seen in MS pati-
ents on natalizumab appears to be associated with a better
clinical outcome compared to the course of the disease in
HIV-1 positive PML patients [18, 36]. It suggests that the
ability to effectively reconstitute relevant lymphocyte
populations within the CNSis a critical feature of survival
[48]. HIV-positive patients have long-term T cell depletion
and a limited regenerative potential.

EPIDEMIOLOGIE, MIKROBIOLOGIE, IMUNOLOGIE 2019, 68, ¢.1

PML-IRIS

In the immunocompromised host, classical PML causes
lytic infection of oligodendrocytes and morphological
changes of astrocytes in the absence of an inflammatory
response [49, 50].

Once immune function is restored following ART in HIV-
-positive patients, adaptive immune mechanisms lead
to an inflammation in the area of the PML lesion, which
isreferred to as immune reconstitution inflammatory
syndrome (IRIS). Inflammation in IRIS also seems to be
driven by a dominant cytotoxic T cell response, which
is massively exaggerated during IRIS [4]. Although the
immune mechanisms underlying IRIS mediate the elimi-
nation of JCV from the brain, the resulting inflammation
can cause additional brain damage and may lead to the
death of the patients.

Immune reconstitution in PML can lead to IRIS in 10 to
30% of HIV-positive patients [49].

Another risk population is patients treated with natali-
zumab, mainly anti-JCV positive patients. IRIS is caused
by an excessive immune response and inflammatory
damage to neuronal and glial tissue. In natalizumab
cases after the effective clearing of natalizumab, lym-
phocytes enter the central nervous system to attack JCV.
The clinical impact of IRIS should not be underestimated,
because it can worsen the disability and increase morta-
lity to up to 30% [18].

The risk increases significantly after 2-4 years of tre-
atment. IRIS is observed in majority (70%) of patients
within days or weeks following discontinuation and
removal of natalizumab [23]. In some studies PML-IRIS is
found in up to 86% [14]. The survival rate is 77%, however,
40% of survivors suffered of severe disability, disability
of 47% was classified as moderate and 13% developed mild
disability [23].

CLINICAL SYMPTOMS

Common clinical findings include motoric weakness,
gaitabnormalities, mono- and hemiparesis, visual field
deficits, speech and language disturbances, and incoor-
dination. Symptoms tend to progress rapidly over several
weeks to months [12, 51, 52, 53].

PML should be considered in the differential diagnosis of
any MS patient on natalizumab treatment with new neu-
rological symptoms. The PML must be considered in any
MS case treated with natalizumab when new neurological
symptoms emerge. If the diagnosis is delayed, symptoms
progression may accelerate and worsen over time.

The clinical presentation of PML in natalizumab-associ-
ated cases is heterogeneous and may include focal and
non-focal neurological deficits including neurobehavi-
oral, motoric, language and visual functions. Cognitive
deficits usually are not the most common symptoms.
However, rare brainstem involvement causes the most
severe symptoms. PML can also be detected in patients
who are asymptomatic - then the first symptoms can be
non-specific and subtle and may be considered as sym-
ptoms of a multiple sclerosis relapse [54, 55]. Symptoms
in the mid and later stages of the disease can be diagno-
sed as stroke or seizures disorder; especially seizures
occur in 20% of patients with PML [56]. In HIV-positive



patients the most common findings at the time of initial
physical examination were weakness (54%), followed by
gait abnormalities (20%), cognitive abnormalities (20%),
dysarthria (24%), aphasia (19%), sensory loss (19%), visual
impairment (17%), and oculomotor palsy (6%). In some
cases, the coexistence of encephalitis with HIV infection
could have accounted for some of the symptoms [53].
The mortality rate in natalizumab-associated PML cases
is approximately 22% [57]. This is a considerably lower
number than in the HIV-associated form with rapid pro-
gression and fatal outcome [18]. But the survivors suffer
in 90% by moderate or severe disability.

DIAGNOSIS OF PML

No single criterion establishes the diagnosis of PML.
It requires clinical, imaging, and virological evidence.
However, a working group of the American Academy
of Neurology (AAN) has proposed an algorithm for the
diagnosis of this disease. The presence of classic radio-
graphic findings and clinical features consistent with
diagnosis, coupled with a positive CSF JCV polymerase
chain reaction (PCR) is sufficient for the unequivocal
diagnosis of PML [51].

The first step in positive diagnosis is magnetic resonan-
ce imaging (MRI). Cranial MRI is very sensitive to the
presence of white matter lesions. Irregular multifocal
lesions of demyelination occur usually in parietal, frontal
or occipital lobes and less often in temporal lobes [12, 19,
51-55]. Currently there is no consensus how often MRI
scan should be done in MS patients on natalizumab
treatment, but usually MRI scans are performed every
3-4months in the subgroup of patients with the highest
risk of PML with the aim to catch the preclinical stage of
PML and to ensure a better prognosis.

The presence of JCV antibodies in the serum of MS pa-
tients expressed and stratified as JCV antibody index
reflects therisk in a semi-quantitative manner. A high
index value indicates that the risk to develop PML is
significantly elevated, although probably about 99% of
patients with this index value will not develop PML [60].
The value of the JCV antibody index in the range of 0-0.9
is considered negative, in the range 0.9-1.5 as a mild
risk factor and values higher than 1.5 represent relati-
vely high risk values [11, 20]. It is unclear why natalizu-
mab patients with higher JCV antibody titers would be
a greater risk of developing PML [36]. JCV antibody index
can only reflect statistical risk estimations that need
to be combined with individual risk-assessment [61].
PCR detection of JCV DNA in CSF can be used to confirm
the PML diagnosis and has been shown to have diagnos-
tic sensitivity of 70-80% and specificity of virtually 100 %
[7]. The sensitivity with newer ultrasensitive techniques
is as high as 95% [62]. CSF sampling is of greatest value
in demonstrating JVC presence by PCR [51]. Lower CSF
JCV DNA at the time of diagnosis is related to less dis-
ability prior to PML diagnosis. High viral load of JCV
DNA > 10,000 copies/ml of CSF is associated with poor
prognosis [48]. The absence of JCV DNA by CSF PCR does
not exclude the PML diagnosis and it therefore should
not be assumed that the CSF compartment provides an
accurate representation of infections within the brain
parenchyma [36].
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Examination of CSF samples (cell counts, CSF proteins,
glycorrhachia) has no predictive value in diagnosing PML
[1, 51]. Also, the absence of JCV in urine does not rule out
the possibility of developing PML [63].

TREATMENT

Specific PML treatment is not yet available [1, 8, 52].
Reconstituting the protective immunity or reversing
the immunosuppression is so far the best way to elimi-
nate JCV infection from the CNS and to overcome PML.

The therapy for the PML-IRIS syndrome includes high
dose of corticosteroids to limit this excessive inflam-
matory reaction [65]. But the use of corticosteroids to
treat IRIS may limit JC viral clearance [66]. In some cases
maraviroc (antiviral agent) can be used as a corticoste-
roid-saving agent in the treatment of IRIS. In three cases,
maraviroc did not show any clear effect in modulating
the clinical course of PML preventing IRIS. Moreover,
once PML-IRIS emerged, the clinical stabilization was
achieved only with the use of corticosteroids. Thus,
the use of maraviroc should be regarded with extreme
caution according to some authors [67]. On the other
hand although some investigators have recommended
corticosteroid therapy for PML-IRIS, no controlled trials
have been conducted and caution has been advised [53].
In some PML populations, immune reconstitution can-
not be achieved - patients with depressed bone marrow,
organ recipients, in whom it could lead to graft rejection.
Some PML patients may not develop IRIS at all because
of persisting severe immunosuppression related to hae-
matological malignancy, or treatment with rituximab
or alemtuzumab [49]. PML is a lethal disease for these
patients. The only effective treatment option for these
PML patients would be a direct anti-JCV therapy, which
is currently unavailable [23, 49].

Previous studies have also identified the SHT2A serotonin
receptor as a receptor for the virus, but most evidence
suggest that the initial steps of viral infection can occur
in a broad range of cell types. Since JCV infection of glial
cells involves serotonergic SHT2A receptors, medications
targeting these receptors have also been proposed as po-
tential adjuncts [25, 67, 68]. SHT2A receptors inhibitors are
active in vitro against JCV [69]. The atypical antidepressant
mirtazapine has been shown to inhibit viral entry into
unaffected glial cells and to block infection of oligodend-
rocytes with JCV, preventing further demyelination [25].
Use of the mirtazapine has been associated with clinical
improvement in some PML patients, with earlier tre-
atment related to better outcomes [67, 70].

Mefloquine works through a different mechanism,
inhibiting JCV replication in cells after viral entry [71].
Mefloquine is able to cross the blood-brain barrier (BBB)
and reach a concentration sufficient to suppress JCV
replication in the brain by binding to the T-ag [23, 25, 71].
T-ag and its helicase domain are critical for viral repli-
cation [21]. Mefloquine showed significant suppression
of JCV DNA replication [23, 72].

Moreover, mefloquine is an inhibitor of the efflux protein
P-glycoprotein (P-gp) and it is an ATP-binding cassette
(ABC) transporter [73-75]. ATP-binding cassette transpor-
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ters are known to function as barrier proteins to extrude
toxins and xenobiotics from cells. P-gp is critical among
these transporters [76].

The case of a man with PML treated with mirtazapine
and mefloquine has recently been described. Under
treatment, the rearrangement changed toward the ar-
chetypal sequence [31].

In another case clinical progression of PML stopped
immediately after mefloquine treatment was described
in a woman with sarcoidosis [77]. However, the results
of all observations are not entirely unambiguous and
mefloquine did not show evidence of in vivo antiviral
activity against JCV in some studies [78, 79]. A clinical
trial of mefloquine in patients with PML had to be pre-
maturely terminated due to lack of efficacy [79].

Potential candidate for treatment or prophylaxis of PML
can be broadly categorized into three groups: antiviral
agents, immune response modulators, and immuni-
zation strategies [23]. More identified potential drug
candidates can be investigated. So far significant limi-
tations in the development of treatment include e.g.
lack of good animal PML models, the toxicity profile of
potential anti-JCV drugs, the lacking ability to cross the
BBB, recruitment of study subjects and others [23, 36].

Clinical settings concerning PML in natalizumab patients
are continuously evolving in the MS treatment algorithm
(11, 20]. The treatment and subsequent clinical course in
patients with natalizumab-associated PML are based on
restoration of immune functions by immediate removal
of drug [64]. This is typically done by plasma exchange
or immunoadsorption which clears natalizumab from
the circulation. Three to five plasma exchanges usually
are required over two weeks. Discontinuation of mono-
clonal antibody treatment triggers rapid expansion and
enhanced trafficking of immune cells across the BBB and
often leads to the development of immune-mediated IRIS
and the temporary worsening of clinical symptoms [36].
Some PML patients treated with plasma exchange will
experience rapid worsening of neurological symptoms
aft er clearance and develop IRIS [4]. MS patients, after
temporarily stopping the immunomodulatory agent,
have to begin a new with some other immunomodula-
tory agent to prevent progression of their MS disease. It
means a relapse is possible.

Antiretroviral therapy should be started immediate-
ly in HIV-positive patients [1, 52]. Disease progression
seems to be slower in patients on effective ART [1,8],
because the most important determinant for survival is
restoration of the immune system [53] and HIV-positive
patients stay on lifelong ART.

RECAPITULATION

In the classical era, PML was an extreme rare disorder
which occurred in patients with lymphoproliferative
and myeloproliferative disorders possibly due to a lack
of a JCV specific immune response as a result of uncon-
trolled expansion of other immune cell types due to the
cancer. PML became exponentially more prevalent with
the onset of the HIV-1 pandemic. HIV-1 positive patients
with depleted CD4+ T cell counts, became increasin-
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gly vulnerable to the development of PML, suggesting
that this cell type plays an important role in immune
surveillance of JCV [36]. More recently, cases of PML ha-
ve been documented in immunocompromised patients
undergoing immunosuppressive and immunomodula-
tory therapy, which seems to disrupt normal immune
surveillance by CD8+ T cells in the CNS and allows for the
uncontrolled reactivation of JCV and the PML onset [9, 36].
Also PML has been reported in the number of distinct
immunodeficiency such as Wiskott-Aldrich syndrome,
severe combined immunodeficiency syndrome, X-linked
hyper-IgM syndrome, hyper IgE syndrome, adenosine dea-
minase deficiency, X-linked agammaglobilinemia, purine
nucleoside phosphorylase deficiency and others [38, 49].
Immunodeficiency is highly relevant risk factor, but
alone does not predict who will develop PML, since the
vast majority of individuals with classical risk factors
will not develop the disorder. Other factors need to be
considered and there is growing evidence for the role of
host genetic factors in susceptibility to PML [38].

The biological properties, the pathological transforma-
tion and the life cycle of the JCV in the host organism
are still poorly understood. Recent data suggest that
CD4+ and CD8+ T cells of the cellular immune system are
crucial to the prevention of JCV spread. Some research
suggests that the occurrence of PML in the context of
B-lymphocyte depletion are not the principal vehicle for
JCV to enter the brain, but also that humoral immunity
might play arole in the control of JCV replication [46]. So
far, we know very little about the interaction of different
virological, immunological, genetic and other factors
that allow some individuals to clinically manifest PML.

There is no effective therapy for treating JCV infections
and fatal PML [62]. Treatment is complicated. The main
approach to treatment is to preserve immune function
or reverse immunosuppression. The most important
determinant for survival is restoration of the immune
response by antiretroviral therapy in HIV-positive pati-
ents and discontinuation of immunomodulatory therapy
in HIV-negative patients. But only a minority of these
patients recover with mild to moderate disability [23],
because these measures are not a factual PML treatment,
but only non-specific measures that reduce the impact
of immunodeficiency as a risk factor for development
of PML.

However, it is not always possible to stop immune sup-
pression, for example in organ transplant patients,
in whom it could lead to graft rejection, in patients
with persisting severe immunosuppression related to
hematological malignancy or in patients with immu-
nosuppression during chemotherapy of solid cancers
[49]. Outcomes in these PML populations are poor [23].
There is no effective specific antiviral therapy for tre-
ating as well as preventing JCV infection or PML [62].
Completed and published PML treatment clinical studies
reveal the difficulty of studying potential therapies,
including rarity and rapid progression of the disease and
short life expectancy.

Studies aimed at prevention of PML may have a better
chance at delivering positive outcome [23]. Prevention of
progressive immunosuppression by initiation of antire-



troviral therapy is the most effective way to prevent PML
in HIV-positive patients [52]. Active prophylactic im-
munization of healthy individuals or patients under tre-
atments with PMLrisk has the potential to prevent PML
or, in seronegative individuals, even the establishment
of latent/persistent infection altogether. The active
therapeutic immunization would be most suitable
for patients with residual and restorable immune func-
tion [49] whereas passive immunization would be an
attractive alternative for populations in which immune
system response cannot be boosted due to chronic im-
munodeficiency [23].

CONCLUSIONS

With the introduction of antiretroviral treatment, the
incidence of PML in HIV-positive patients decreased,
but the growing use of immunosuppressive and immu-
nomodulatory therapies for various diseases has led to
an alarming increase of PML cases among patients with
conditions that were previously not associated to any sig-
nificant PML risk. We can expect to meet PML more fre-
quently than hitherto due to the high seroprevalence of
the JCV and a worldwide distribution in the population.
Abetter understanding of the complex relations between
JCV and different cell compartments may have signifi-
cant implications for the prevention and treatment of
PML. Accurate identification and stratification of the
risky populations, as well as biomarkers and cytokine
profiles which are evidence of JCV activation are needed
to monitoring and early intervention. Also important
is the development of specific drugs and prophylaxis.
Further biological, clinical and pharmacological research
and studies are necessary.
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