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After the introduction of highly active antiretroviral therapy (HAART), the
incidence of many acquired immunodeficiency syndrome (AIDS)-related op-
portunistic infections, but not of progressive multifocal leukoencephalopathy
(PML), has been dramatically decreased. However, it has been shown that
about 50% of the HAART-treated PML patients had a significantly prolonged
(>6 months) survival time, in comparison to the short (<6 months) survival
time of the classical form of PML. In order to verify if a particular genotype
or genomic rearrangements of JC virus (JCV) could affect the clinical course
of PML, the authors performed nucleotide sequencing of 25 virion protein
(VP1) and 18 transcriptional control region (TCR) DNA amplified in the cere-
brospinal fluid (CSF) of HAART-untreated PML patients, of 17 HAART-treated
PML patients, and in the urine of 23 healthy individuals. In nontreated PML
patients, 52% and 44% of amplified JCV were respectively type 1 and type 2,
whereas in HAART-treated PML patients, 59% of the amplified JCV were type
1, 23% type 2, and 18% type 4, without differences between long and short sur-
vivors. In both groups, the amplified TCR had unique and extensive rearrange-
ments, whereas archetype TCR without rearrangements was detected in all the
healthy subjects and in the CSF of two long-survivor PML patients. The data
obtained indicate that the introduction of HAART has induced changes in JCV
genotype distribution and probably reduced the rate of rearrangements of TCR
region among PML patients. Journal of NeuroVirology (2003) 9(suppl. 1), 42–46.
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Introduction

The human polyomavirus JC (JCV) is a widespread
virus that infects up to 80% of the human population
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(Chesters et al, 1983) and causes in immunosup-
pressed individuals progressive multifocal leukoen-
cephalopathy (PML), a fatal demyelinating disease of
the white matter of the central nervous system (CNS)
(Brooks and Walker, 1984).

Before of the introduction of highly active anti-
retroviral therapy (HAART), PML was one of the most
frequent complication seen in acquired immuno-
deficiency (AIDS) patients, observed with prevalence
up to 8%. Moreover, it was a fast progressive fa-
tal disease capable of inducing death in less than
6 months from the time of diagnosis (Berger et al,
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1987; Berger and Major, 1999; Brooks and Walker,
1984).

The introduction of HAART treatment into clini-
cal practice has reduced the frequency of many of the
opportunistic infections observed in AIDS patients,
but not of PML (Clifford et al, 1999; De Luca et al,
2000). Moreover, in HAART-treated human immuno-
deficiency virus (HIV)-positive patients, an impor-
tant change in the clinical course of PML has been
observed: nearly half of PML patients have a slow
clinical progression with a survival time of more
than 6 months, significantly longer than that observed
in the classical form of PML (Albrecht et al, 1998;
Cinque et al, 1998; Miralles et al, 1998). Based on
this observation, the definition of long- and short-
survivor PML patients has become of common use,
although a commonly accepted terminology is still
under definition (Cinque et al, 2003).

This evolution of the clinical course might be due
to the partial reconstitution of the immune system ob-
served in HAART-treated HIV-positive patients, but
it is unclear if viral aspects related to the JCV ge-
nomic organization could also play a pathogenic role
(Giudici et al, 2000; Miralles et al, 2001). To verify
this hypothesis, we investigated the genomic organi-
zation of the JCV strains amplified in cerebrospinal
fluid (CSF) samples obtained from HAART-treated
and untreated HIV-positive patients suffering PML,
and, as control, in the urine of healthy subjects. Be-
cause rearrangements of the transcriptional control
region (TCR) could affect JCV replication and thus
possibly influence the clinical evolution of PML, we
analyzed TCR organization following the regulatory
region compass classification scheme (Jensen and
Major, 2001). In this innovative classification, the JCV
TCR variants are arranged into quadrants according
to the insertion of particular sequence blocks and rep-
etition of groups of sequence blocks.

On the basis of the nucleotide sequence of the
virion protein (VP1) upstream portion, eight geno-
types distributed in various geographic areas of the
world (Agostini et al, 1996) have been identified, and
it has been also suggested that JCV type 2 could have a
more pronounced neuropathogenic activity (Agostini
et al, 1998; Ferrante et al, 2001).

In the present study, we have analyzed the distri-
bution of JCV genotypes in a group of long- and short-
survivors HAART-treated PML patients and com-
pared with that observed in PML patients studied in
the pre-HAART era.

Results

The positivity for JCV of the studied samples was pre-
viously verified by searching, by polymerase chain
reaction (PCR), DNA belonging to the highly con-
served large T antigen (LT) genomic region of the
virus in the CSF of PML patients and in the urine of
healthy controls. In the CSF of the 21 PML patients

Table 1 Distribution of the various JCV genotypes in CSF col-
lected from PML patients studied before and after the introduction
of HAART treatment and in urine from Italian healthy individuals

HAART PML

Genotypes
Pre-HAART

PML
Long

survivors
Short

survivors
Healthy Italian

population

1 13 (52%) 5 (56%) 5 (63%) 9 (39%)
2 11 (44%) 2 (22%) 2 (25%) 6 (26%)
3 0 0 0 1 (4%)
4 0 2 (22%) 1 (12%) 7 (30%)

Undefined 1 (4%) 0 0 0

studied in the pre-HAART era, we amplified 25 VP1
DNA, because dual infection with both type 1 and
type 2 was observed in four of these PML patients.

As shown in Table 1, in the PML patients studied in
the pre-HAART era, JCV type 1 and type 2 were the
most frequently detected, representing respectively
52% and 44% of the amplified strains, whereas none
of the other JCV genotypes was found. Interestingly in
one of the examined CSF, we amplified a nonclassifi-
able strain, showing a type 1 pattern with a point mu-
tation (G → C) in position 1818, typically observed
in type 2.

Among the 17 JCV DNA amplified in CSF collected
from HAART-treated PML patients, 10 (59%) were
type 1, whereas 4 (23%) and 3 (18%) were respec-
tively type 2 and type 4. The analysis of JCV genotype
distribution among the long- and short-survivor PML
patients did not show significant differences between
the two groups: JCV type 1 was found in 63% of the
long and 56% of the short survivor, JCV type 2 was
detected in 22% of the long and in 25% of the short
survivors, and JCV type 4 was amplified in 22% of
the first group and 25% of the second group of PML
patients.

The pattern of JCV genotype distribution observed
in the HAART-treated PML patients is similar to that
found in the healthy controls, among whom one JCV
type 3 has been also amplified.

The analysis of TCR region organization (Table 2)
showed that among the PML patients not treated
with HAART, only repeated regulatory regions were
detected and particularly 10 repeated forms type I

Table 2 Distribution of archetypal and rearranged form of JCV
TCR in CSF collected from PML patients studied before and after
the introduction of HAART treatment and in urine from Italian
healthy individuals

HAART PML

TCR
Organization

Pre-HAART
PML

Long
survivors

Short
survivors

Healthy Italian
population

Singular
I 0 0 0 0
II 0 2 (33%) 0 20 (100%)

Repeat
I 10 (55.5%) 0 0 0
II 8 (44.6%) 4 (67%) 6 (100%) 0
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(IR) and 8 repeated forms type II (IIR), which are re-
arranged forms from the archetype regulatory region,
have been amplified.

The results obtained among the PML patients
treated with HAART are very interesting. In fact, for
the first time in our experience, archetype (singu-
lar form type II, IIS) TCR organization was amplified
from CSF of two PML patients who were classified as
long survivor. All the other TCR detected in the CSF
obtained from those groups of PML patients were de-
fined as repeated forms type II. Twenty TCR regions
were amplified in the urine collected from healthy
controls and all of them had, as expected, a com-
pletely conserved archetype organization.

Discussion

After the introduction on a large scale in developed
Western countries of the HAART treatment for HIV
infection, a dramatic decrease in the incidence of
many AIDS-related complications has been observed,
though the incidence of some neurological disorders
such as PML has been less affected (Clifford et al,
1999; De Luca et al, 2000). Moreover, among the PML
patients treated with HAART, it has been observed
that half of the cases show classical course of the
disease, whereas the remaining patients are affected
by a clinical variant of PML with a prolonged sur-
vival time. (Albrecht et al, 1998; Cinque et al, 1998;
Miralles et al, 1998).

Many aspects of the changes observed, after the
introduction of HAART, in the epidemiology and
clinical manifestations of neurological complication
affecting AIDS patients are unclear.

As regard to PML, there are no clear explanation
for the observation of the milder form that affects the
long-survivor patients. The reconstitution of the im-
mune system is one of the main factor; however, it
can be also hypothesized that viral factor might play
a role. To verify this possibility, we have studied the
distribution of JCV genotypes and the nucleotide se-
quence of TCR region in CSF samples collected from
PML patients.

We focused our study on performing molecular
analysis to determine the molecular characterization
of the JCV DNA, which were amplified from PML not
treated with HAART and from a group of short- and
long-survivor HAART-treated PML patients.

The analysis of VP1 nucleotide sequence indicates
that the distribution of JCV genotypes in PML
patients is quite different between the pre-HAART
and HAART era. In fact, even if the type 1 is the most
frequent in both the studied groups, the frequency
of type 2 and type 4 was clearly different. In the
patients studied in the pre-HAART era, JCV type 2
was so overrepresented in comparison to the healthy
controls that its association with a higher risk of PML
was suggested (Ferrante et al, 2001; Agostini et al,
1998). The present study shows that in the HAART-

treated patients, the distribution of JCV genotypes is
more similar to that observed in the general popu-
lation, especially regarding the presence of type 2,
whose frequency is decreased in comparison to that
observed in the pre-HAART era. Moreover, among
the HAART-treated PML patients, we have observed
three cases with a JCV type 4 in the CSF, a genotype
found also in seven healthy controls, but not among
the nontreated PML patients. All together, these data
confirm that the introduction of the effective an-
tiretroviral therapy in AIDS patients has determined
a pattern of JCV genotype distribution more similar
to that of the general population than in the past.

From our results there is no evidence in favor of a
significant association between one of the JCV geno-
types and PML clinical course.

The data obtained, studying the organization of the
highly hypervariable TCR are, in our opinion, of par-
ticular relevance. Briefly, the type II singular (IIS)
(Jensen and Major, 2001) is the conserved archetype
form that is generally found in the urine of healthy
individuals (Chang et al, 1999; reviewed in Jensen
and Major, 1999); type I repeats (IR) and type II re-
peats (IIR) (archetype derived) are the rearranged
forms, with tandem repeats and deletions that are
distributed in different body compartments, but espe-
cially present in the brains and CSF of PML patients
(Ault and Stoner, 1993). The nucleotide organization
of TCR amplified in our study confirmed in part these
previous observations; in fact we found among the
PML/AIDS patients not treated with HAART the ex-
clusive presence of rearranged forms, both type I and
II. In comparison with those results, the data obtained
in the PML patients under HAART were surprising,
because, for the first time in our experience, we have
detected in the CSF of two PML patients a completely
conserved archetype TCR. This observation is even
more interesting taking into account that these two
cases were two long-survivor PML patients and rep-
resents the first evidence in favor of the possibility
that a better clinical outcome of the disease could be
related to the presence of an archetype TCR.

On the whole, the data obtained indicate that af-
ter HAART introduction, the genomic features of JCV
strains involved in PML are slightly changed, and that
in general, JCV strains detected in those patients are
more related to the virus circulating in the general
healthy population. Further studies including larger
number of patients are needed to fully clarify the in-
teraction between HAART treatment, JCV genomic
features, and the clinical course of PML.

Methods

Subjects
The main features of PML patients studied in the pre-
HAART era have been previously described (Ferrante
et al, 2001). In the present study, CSF samples were
collected from 17 AIDS patients treated with HAART
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and followed at the Clinic of Infectious Disease of the
San Raffaele Hospital. Nine of those patients were
considered long survivors because they had a sur-
vival time longer than 6 months, whereas the remain-
ing eight cases died within 6 months from the onset
of PML and were considered short survivors.

As control, we have also studied the distribution of
JCV genotypes and TCR organization of JCV strains,
amplified in the urine collected from 23 healthy sub-
jects living in the northern Italy. All the samples an-
alyzed in the present study were previously defined
as positive for JCV LT region DNA.

PCR for VP1 and transcriptional control regions
Molecular characterization of a short fragment of ma-
jor capsid protein (VP1) gene was performed on the
collected samples that proved previously to be posi-
tive for large T antigen JCV DNA. In order to charac-
terize JCV genotypes isolates, a PCR designed to am-
plify a 215-bp fragment of the VP1 gene was adopted.
The amplification was carried out in a total volume
of 100 µl using 25 pmol of each primer, JLP-15B at
positions 1710 to 1734 and JLP-16 at positions 1924
to 1902 (Agostini et al, 1997), and 2 U of TaqGold in
a 48-cycles protocol with annealing step performed
at 63◦C. A nested polymerase chain reaction (n-PCR)
was used to amplify a 353-bp fragment belonging to
JCV TCR. The first round of PCR was carried out in a
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