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To verify the possibility of different role of JC virus genotypes in the etiology
of progressive multifocal leukoencephalopathy, we analysed several JC
virus isolates ampli�ed from AIDS patients with and without progressive
multifocal leukoencephalopathy and healthy controls by nucleotide sequen-
cing. Cerebrospinal �uid (CSF), peripheral blood mononuclear cells
(PBMCs) and urine from 52 AIDS patients suffering from various
neurological diseases including 21 cases of progressive multifocal leukoen-
cephalopathy, and PBMCs and urine from healthy subjects were evaluated
by nested polymerase chain reaction (PCR) for the presence of DNA
belonging to the highly conserved large T antigen (LT) of JC virus. The
different JC virus subtypes were identi�ed by nucleotide sequence analysis
of the virion protein (VP1) genomic region. JC virus DNA was detected in
all the CSF samples from the progressive multifocal leukoencephalopathy
patients, but not in the CSF from non-progressive multifocal leukoencepha-
lopathy cases, while the frequency of JC virus DNA detection in the PBMCs
and urine did not differ among the three groups studied. JC virus type 2 was
detected only in progressive multifocal leukoencephalopathy patients, and
in particular in 52.4% of their CSF samples. Moreover, in the CSF of 19.0%
of the progressive multifocal leukoencephalopathy cases, dual infection
with both JC virus types 1 and 2 was found. The data obtained in this study
indicate that the unexpected involvement of JC virus type 2, a strain not
common in Italy, and the high frequency of dual infection with both JC virus
types 1 and 2 in progressive multifocal leukoencephalopathy CSF, can be
indications of risk factors for progressive multifocal leukoencephalopathy
development. Journa l o f NeuroViro logy (2001) 7, 35 ± 42.
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Introduction

Progressive multifocal leukoencephalopathy is a
demyelinating disease usually occurring in immu-
nocompromised individuals and caused by JC virus
(Major et a l, 1992), an agent that infects a large part
of the general population worldwide during child-
hood and thereafter establishes a persistent infec-
tion in the kidney (Chesters et al, 1983; Shah,

1996). Throughout all the life span, JC virus is
frequently reactivated, with excretion of viral
particles in urine and without any apparent clinical
symptoms (Kitamura e t al, 1994). However, in
immunosuppressed subjects, JC virus reaches the
brain and causes progressive multifocal leukoence-
phalopathy (Atwood e t a l, 1992; Shah, 1996),
mostly as a consequence of a lytic infection of
oligodendrocytes (Astrom e t a l, 1958; Berger and
Concha, 1995).

The mechanism that leads a common and usually
benign virus like JC virus to induce progressive
multifocal leukoencephalopathy is largely unclear,
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but it is evident that besides host immunosuppres-
sion, other unknown factors are involved.

It is likely that the immune system of normal
individuals maintains the virus in a latent state but
that an immunocompromised condition could
allow viral reactivation and the passage from
latency to a lytic phase (Major and Ault, 1995).
Molecular studies of JC virus suggest that the viral
regulatory region could play a role in the selective
tropism of the virus for glial cells (Kenney e t a l,
1984; Feigenbaum e t a l, 1987; Khalili e t a l, 1987),
but it is not clear how these ®ndings can explain the
neuropathogenicity of the virus.

Different viral subtypes located in various geo-
graphic areas are known to infec t humans and they
could represent a tool suited to the study of the
evolution of DNA viruses and human migrations
(Sugimoto e t a l, 1997; Guo e t a l, 1998; Jobes e t a l,
1998). On the basis of RFLP analysis, Yogo e t a l
(1991) have divided JC virus strains into groups A
and B, while using sequence analysis of the VT-
intergenic region, Ault and Stoner (1992) have
de®ned types 1 and 2. A new type of JC virus (type
3) has recently been detected in the urine of
Tanzanian HIV-1 positive patients (Agostini e t a l,
1995), while another new African strain has been
ampli®ed from the urine of healthy individuals
residing in Ghana (Guo e t a l, 1996). This latter
strain, termed type C, has also been demonstrated to
be similar to type 6 identi®ed in an African-
American progressive multifocal leukoencephalo-
pathy patient (Agostini e t a l, 1997a). In addition,
another new type has been isolated (type 4),
probably resulting from a recombination of two
different strains on the occasion of a double
infection (Agostini e t a l, 1996b). Based on its
complete genomic sequence, it has been classi®ed
as a type 1 subgroup member (type 1C) (Agostini e t
a l, 1998a). The reported ®ndings of a JCV type 5
reclassi®ed as a member of the JC virus type 3
subgroup, and the more recent isolation and
characterization of a JC virus type 6 should also be
mentioned here (Jobes e t a l, 1998). The epidemio-
logical distribution of the various JC virus strains in
the world still needs to be better de®ned, however,
considered overall, reports from different authors
indicate that JC virus type 1 is prevalent in Europe,
type 2 in Asia and type 3 in East Africa. The
epidemiology of JC virus types seems to be more
complex in the USA where types 1 and 2 are
present, with a higher frequency of type 1 (64% ) in
the general population, while JC virus type 3 is
predominant in the African-American group (Guo e t
a l, 1996; Agostini e t a l, 1996a,b, 1997c; Jobes e t a l,
1998).

As already suggested (Stoner e t a l, 1996; Agostini
e t a l, 1997b; Ferrante e t a l, 1998), another possibi-
lity requiring further study is that the different JC
virus types could show a variable pattern of
neurotropism and neurovirulence and therefore

play different roles in the pathogenesis of progres-
sive multifocal leukoencephalopathy.

This study represents the ®rst comparison by
nucleotide sequence analysis of the frequency of JC
virus genotypes in cerebrospinal ¯uid (CSF), per-
ipheral blood mononuclear cells (PBMCs) and urine
collected on the same day from AIDS patients with
and without progressive multifocal leukoencepha-
lopathy and in CSF and urine from healthy subjec ts.

The data obtained show a high frequency of JC
virus type 2 in the CSF of progressive multifocal
leukoencephalopathy patients and the occurrence
of dual infec tion with types 1 and 2 only in
progressive multifocal leukoencephalopathy pa-
tients. The results therefore suggests that JC virus
type 2 probably has more pronounced neurotropic
properties and that infection with two different JC
virus genotypes is an additional risk factor.

Results

The distribution of JC virus large T antigen DNA
among the three patient groups is reported in Table
1, subdivided by the CSF, PBMCs and urine
samples. It is possible to note from this table that
all of the 21 CSF samples collected from progresive
multifocal leukoencephalopathy patients were po-
sitive, whereas all of the CSF samples from the 30
AIDS patients without progressive multifocal leu-
koencephalopathy were negative for JC virus large T
antigen DNA. JC virus DNA was found in the
PBMCs from 12 (57.1% ) progressive multifocal
leukoencephalopathy patients, from 10 (33.3% )
non-progressive multifocal leukoencephalopathy
AIDS patients and from eight (26.7% ) of the 30
healthy controls. The frequency of JC virus DNA in
the PBMCs was signi®cantly higher in the progres-
sive multifocal leukoencephalopathy patients than
in the healthy controls (P <0.05; OR=3.67). No
signi®cant differences emerged from the compar-
ison between the progressive multifocal leukoence-
phalopathy cases and AIDS patients without
progressive multifocal leukoencephalopathy and
between the healthy subjects and AIDS patients
without progressive multifocal leukoencephalopa-
thy. Viruria was a frequent ®nding: JC virus DNA

Table 1 Detection of JCV DNA belonging to the LT region in
the CSF, PBMC and urine samples from the three study groups

Sample s
AIDS patients

with PML
AIDS pa tients
without PML

Healthy
Controls

n=21 n=30 n=30

CSF 21 (100% ) 0 not tested
PBMCs 12 (57.1%)* 10 (33.3%) 8 (26.7% )*
Urine 10 (47.6%) 14 (46.7%) 12 (40.0%)

* AIDS patients with PML versus healthy controls: P < 0.05.
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was detected in the urine from 10 (47.6% ) PML
subjects, 14 (46.7% ) non-progressive multifocal
leukoencephalopathy AIDS patients and 12
(40.0% ) healthy controls. The PCR employed is
capable of simultaneously amplifying JC virus and
BK virus DNA, and we detected the simultaneous
presence of both BK virus and JC virus DNA in the
urine samples from one progressive multifocal
leukoencephalopathy patient.

The 215 bp fragment of the VP1 region ampli®ed
with our PCR contains polymorphic sites that offer
the possibility of de®ning JC virus genotypes 1, 2, 3
and 4 and, among types 1 and 2, the variants 1A, 1B,
1C and 2A, 2B and 2C. The distribution of the
different JC virus variants in the CSF, PBMCs and
urine samples of the three groups studied is
reported in Table 2. As is observable, the majority
of JC virus type 2 isolates were detected in samples
collected from progressive multifocal leukoence-
phalopathy patients, while among the other groups,
JC virus type 2 was ampli®ed only in one urine
sample from a healthy control. Among the progres-
sive multifocal leukoencephalopathy cases, the
highest frequency of JC virus type 2 detection was
observed in the CSF samples with 11 ampli®ed
strains (44% of the total JC virus ampli®ed from CSF
samples). The JC virus type 2 strain was detected
only in two urine samples (18.2% of the total JC
virus ampli®ed from urine samples), whereas no JC
virus type 2 was found in the PBMCs. Of the 11 JCV
type 2 strains ampli®ed from CSF, ®ve were a type
2A variant, four a type 2B variant and two a type 2C
variant. A JC virus type 2A strain was also detected
in the urine sample from one progressive multifocal
leukoencephalopathy subjec t. In addition, a JC
virus type 2B strain was detected in one urine
sample from a progressive multifocal leukoence-
phalopathy patient and JC virus type 2C variant was
found in the urine sample from one healthy control.

JC virus type 1 was detected in the CSF (52.0% of
the total ampli®ed strains) and more frequently in
the PBMC (91.7% ) and urine (73.7% ) samples from

the AIDS patients with progressive multifocal
leukoencephalopathy. It was absolutely predomi-
nant in the PBMCs and urine samples collected
from the AIDS patients without progressive multi-
focal leukoencephalopathy and the healthy con-
trols. As regards JC virus type 1 strains, it can be
noted that only one isolate detected in the urine
sample from a healthy control proved to be type 1C.
The most frequent strain was JC virus type 1B,
accounting for 58.7% of total JC virus type 1
isolates, while JC virus type 1A was less frequent
(40.0% ). As can be noted from Table 2, the number
of JC virus strains ampli®ed in the CSF and urine
samples collected from the healthy controls, was
greater than the number of samples analysed. This
difference is due to the detection of a dual infection
with both types 1 and 2 in four CSF samples and in
one urine sample from the progressive multifocal
leukoencephalopathy patients.

Due to the high variability of the JC virus subtype
detected among the progressive multifocal leukoen-
cephalopathy patients, the data obtained by analys-
ing VP1 ampli®ed products in the CSF, PBMCs and
urine samples from the 21 progressive multifocal
leukoencephalopathy cases are reported in detail in
Table 3. A dual infec tion with both JC virus type 1
and type 2 was detected in four (19.0% ) CSF
samples, and in the urine sample from progressive
leukoencephalopathy case 9. Moreover, in progres-
sive multifocal leukoencephalopathy patient 1, JC
virus type 2B was detected in the CSF and in the
urine sample, while type 1A was found in the
PBMCs. Considered overall, a total of six (28.6% )
progressive multifocal leukoencephalopathy pa-
tients had dual infections with JC virus type 1 and
2 in the same or in different samples.

Table 4 compares the alignment of the JC virus
strains ampli®ed from CSF with the 10 typing sites
included in the 215-bp fragment. One may note that
the strain ampli®ed from the PBMCs and the urine
sample from progressive multifocal leukoencepha-
lopathy case 6 is similar to type 1B, with two

Table 2 Detection of the different JCV subtypes among AIDS patients with and without PML and healthy subjects. Numbers and
percentages (in brackets) refer to the total ampli®ed JCV strains

PML Non-PML Hea lthy
AIDS patients AIDS patients controls

CSF PBMC Urine PBMC Urine PBMC Urine

JCV Genotypes (21 samples) (12 samples) (10 samples) (10 samples) (14 samples) (8 samples) (12 samples)
A 4 6 3 4 7 3 3

JCV Type 1 B 9 5 5 6 7 5 7
C 1

Total 13 (52.0% ) 11 (91.7%) 8 (73.7% ) 10 (100% ) 14 (100% ) 8 (100% ) 11 (91.7%)
A 5 1

JCV Type 2 B 4 1
C 2 1

Total 11 (52% ) 2 (18.2% ) 1 (8.3% )
Unclassi®ed JCV 1 1 (8.3%) 1 (9.1% )
Total JCV isolates 25 12 11 10 14 8 12
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mismatches at position 1818 (G > C), which is
typical of type 2, and at 1843 (T > G), which is
typical of type 1A. Therefore, this strain has been
de®ned as JC virus type 1X in the table.

In addition, the JC virus strain detected in the CSF
of progressive multifocal leukoencephalopathy
patient 21 is reported as unidenti®ed because it
has a type 1A pattern with a point mutation (G- > C)
in position 1818, which is typical of type 2.

Discussion

The AIDS epidemic and the consequent increasing
frequency of progressive multifocal leukoencepha-
lopathy worldwide have created the opportunity to
de®ne many aspects of this neurological disease
which was once considered very rare. Although

signi®cant progress has been made in terms of
diagnosis, epidemiology and the clinical de®nition
of progressive multifocal leukoencephalopathy, the
molecular basis of its pathogenic mechanism still
need to be clearly de®ned (Major e t a l, 1992; Weber
et a l, 1994; Major and Ault, 1995).

It is evident that immunosuppression is a
fundamental predisposing factor since progressive
multifocal leukoencephalopathy is observed only in
subjects with heavy immunological de®cits. How-
ever, given that not all the immunosuppressed
individuals have progressive multifocal leukoence-
phalopathy, it is also clear that other factors are at
work in the development of this disease. Viral
factors and host factors probably counteract in JC
virus infec ted individuals to favour the clinical
onset of progressive multifocal leukoencephalopa-
thy, and as in the cases of other viral diseases, it
could be possible that different JC virus strains
possess variable neurotropic properties. Support for
this theory is provided by reports of a higher
frequency of JC virus type 2 in progressive multi-
focal leukoencephalopathy patients compared to
HIV-infec ted non-progressive multifocal leukoen-
cephalopathy patients (Agostini e t a l, 1997b,
1998b). In their papers, Agostini e t a l analyse JC
virus genotypes detected in a large number of brain
tissue or CSF specimens from progressive multi-
focal leukoencephalopathy patients and compare
their distribution with JC virus strains excreted in
the urine of control subjects. Thus the evidence
showing a higher frequency of JC virus type 2 in
progressive multifocal leukoencephalopathy is in-
direct to some degree. The present study represents
the ®rst comparison of the genotype pattern of JC
virus strains ampli®ed from CSF, PBMCs and urine
collected on the same day from Italian AIDS
patients with and without progressive multifocal
leukoencephalopathy and from urine samples and
PBMCs of healthy subjec ts. The data we obtained
clearly indicate that JC virus type 2 is signi®cantly
associated with progressive multifocal leukoence-
phalopathy as this type was found almost solely in
the CSF from progressive multifocal leukoencepha-
lopathy patients and only in two urine samples from

Table 4 Genotype de®nition based on short typing fragments ampli®ed from CSF of PML patients

Nucleo tide po sition
PML patients JCV types 1753 1771 1786 1804 1818 1837 1843 1850 1869 1870

3,8,13,20 1A A C G T G T G A G G
2,4,5,6,7,12,14,16,19 1B A C G T G T T G G G
5,6,9,15,17 2A A A G T C T T A G A
1,13,14,18 2B A A T T C C T G G A
10,11 2C A A T T C T T G G A
21 A C G T C T G A G G
6 (PBMC; Urine) 1X A C G T C T G G G G

In the last row, the sequence of the unclassi®ed strains detected in PBMCs and urine from Patient 6. Nucleotide positions are based
on Mad-1 prototype strain (Frisque et a l., 1984).

Table 3 Distribution of different JCV subtypes in CSF, PBMCs
and urine from the 21 PML patients with JCV-positive CSF

Patients CSF PBMCs Urine

1 2B 1A 2B
2 1B 1B 1B
3 1A 1A ±
4 1B 1B 1B
5 1B+2A ± ±
6 1B+2A 1X 1X
7 1B 1B 1B
8 1A 1A 1A
9 2A 1A 1A+2A
10 2C ± ±
11 2C ± ±
12 1B 1B 1B
13 1A+2B 1A 1A
14 1B+2B ± ±
15 2A ± ±
16 1B ± 1B
17 2A ± ±
18 2B ± ±
19 1B 1B ±
20 1A 1A ±
21 1A* ± ±

* indicates a strain with a nucleotide sequence similar but not
identical to the reported JCV variant; 1X indicates unclassi®ed
strains
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progressive multifocal leukoencephalopathy pa-
tients and in one from a healthy control.

On the contrary, all of the strains ampli®ed from
the PBMC and urine samples from AIDS patients
without progressive multifocal leukoencephalopa-
thy and from healthy controls, with the exception of
the type 2 positive urine sample mentioned
previously, belong to JC virus type 1. On the whole,
these data are in keeping with previous studies by
other authors (Agostini e t a l, 1997b, 1998b), and
with our preliminary observations (Ferrante e t a l,
1998). Moreover, they are of a particular signi®-
cance because the study was performed on subjec ts
living in Italy, a country where JC virus type 1
should be the most common as in the rest of Europe
(Yogo e t a l, 1991). As yet, a clear, extensive
information on the molecular epidemiology of the
JC virus among the Italian healthy subjects and
AIDS patients is not available. Thus our results
showing that among the healthy subjec ts and AIDS
patients, JC virus type 1 is absolutely predominant,
can also be seen as a preliminary contribution to the
understanding of JC virus epidemiology in Italy.
The detection of JC virus type 2 in the urine of a
healthy subjec t indicates that though very rarely,
this genotype can be found in the Italian population
and suggests the need for extensive epidemiological
studies.

The PCR employed is capable of identifying the
subtypes of JC virus type 1 and type 2 that are
respectively de®ned as 1A, 1B, 1C and 2A, 2B and
2C, and, although phylogenetic analysis performed
on longer fragments indicates that types 1A, 1B and
1C (Jobes e t a l, 1998), and types 2A and 2C
(Sugimoto e t a l, 1997) constitute two single clusters,
we found this classi®cation more suitable for our
study. In a recent paper (Agostini e t a l, 1998b) it has
been suggested that JC virus type 2B is the most
represented type in progressive multifocal leukoen-
cephalopathy patients, but our results did not
con®rm this observation, given that no signi®cant
differences were observed in the distribution of JC
virus type 2A and 2B among the progressive multi-
focal leukoencephalopathy CSF samples. On the
other hand, it is interesting to note that JC virus type
2A, a strain usually found in Japan and in Native
Americans (Agostini e t a l, 1997c), was detected in
®ve CSF samples and one urine sample from our
Italian progressive multifocal leukoencephalopathy
patients. The origin of this strain and its route of
diffusion* (o: circulation) among Italian progressive
multifocal leukoencephalopathy patients is unclear.
However, considered as a whole, our results suggest
some possibilities that will be discussed later.

Another important aspect that can be drawn from
our data lies in the unexpectedly high frequency of
dual infection with both JC virus types 1 and 2
among the progressive multifocal leukoencephalo-
pathy patients. A total of six progressive multifocal
leukoencephalopathy patients had a dual infection

and in four of the latter, the two JC virus strains
were detected in the same CSF sample, while the
other two revealed JC virus type 2 in the CSF
sample and type 1 in the urine sample. Dual
infection with different JC virus genotypes has
already been observed in brain tissue, CSF and
urine from AIDS patients (Martin and Foster, 1984;
Agostini e t a l, 1996b; Stones e t a l, 1996). However,
this is the ®rst report of a very high frequency of
dual infection with JC virus types 1 and 2 among
progressive multifocal leukoencephalopathy pa-
tients and particularly with detection resulting
from their CSF.

Various hypotheses could be postulated in order
to explain the occurrence of the double infection
and the higher frequency of JC virus type 2 in the
progressive multifocal leukoencephalopathy pa-
tients. Our results suggest that as a consequence of
the HIV-induced immunosuppression, in these
subjec ts, a second JC virus infec tion could have
occurred and JC virus type 2, which has been shown
to circulate in the United States (Agostini e t a l,
1996b; Guo e t a l, 1996), may have infected Italian
HIV-positive individuals. This route of viral diffu-
sion has already been observed in the case of human
T-lymphotropic virus type II (HTLV-II), for Italian
HTLV-II-positive intravenous drug users are mainly
infected by HTLV-IIb4, a subtype probably acquired
by contact with infec ted individuals from the
United States (Vallejo e t a l, 1996).

In conclusion, we may state that the results
indicate that besides immunosuppression, other
viral and host-related factors are needed for the
development of progressive multifocal leukoence-
phalopathy. They suggest that the involvement of
speci®c JC virus variants and the occurrence of a
double infec tion with two JC virus genotypes could
be important risk factors for the disease develop-
ment.

Materials and methods

Subjects
The study was performed by means of analyses of
CSF, PBMCs and urine samples collected from 21
AIDS patients suffering from progressive multifocal
leukoencephalopathy, from 30 AIDS patients with-
out progressive multifocal leukoencephalopathy
and on PBMCs and urine samples collected from
30 healthy subjec ts. All the subjec ts enrolled in the
study were Italians and residents in the area of
Milan in northern Italy. Moreover, the healthy
controls were matched for age with the AIDS
patients. In addition to the detection of JC virus
DNA in CSF, the diagnosis of progressive multifocal
leukoencephalopathy was based on routine CSF
examination, on brain magnetic resonance imaging
and/or computed tomography, carried out for all of
the AIDS patients according to the criteria described
in detail in a previous study (Ferrante e t a l, 1997).
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The samples were collected from the individual
subjec ts on the same day, treated and stored as
previously described (Ferrante e t a l, 1997) for
examination by means of various polymerase chain
reaction (PCR). Strict precautionary measures were
taken to avoid contamination and all PCR reactions
were performed using one negative and one positive
control.

PCR for JC virus large T antigen region
JC virus DNA was searched in the collected samples
with a nested PCR using oligonucleotide primers
selected from within the JCV genome encoding the
large T antigen region and sharing signi®cant
genomic homology with BK virus. The experimen-
tal conditions, as well as the speci®city and
sensitivity of this PCR, have been de®ned and
described in a previous study (Ferrante e t a l, 1995).

PCR for VP1 region
Molecular characterization of a short fragment of
major virion capsid protein (VP1) gene was
performed on CSF, PBMCs and urine samples from
AIDS patients with PML, on PBMCs and urine
samples from AIDS patients without PML and from
healthy subjects who proved to be positive for large
T antigen JC virus DNA.

In order to characterize JC virus isolates, we
adopted a PCR designed to amplify a 215-bp
fragment of the VP1 gene that allows for the
distinction between JC virus types 1 ± 4 and related
subtypes. The VP1 region was ampli®ed with JLP-
15 (5¢-ACAGTGTGGCCAGAATTCCACTACC-3¢) at
position 1710 ± 1734, and JLP-16 (5¢-
TAAAGCCTCCCCCCCAACAGAAA-3¢) at position
1924 ± 1902, 10 pmol each, in a 40-cycle protocol
which combined annealing and elongation at 61 8C
(Agostini e t a l, 1997b). The reaction was carried
out in a total volume of 100 ll, 50 ll of which were
used for sequencing.

The ampli®ed DNA was visualised by UV light
exposure on 2% agarose gel, after staining with
ethidium bromide, yielding the expected bands of
215 bp for the VP1 region.

Nucleo tide sequenc ing o f the amp li®ed products
PCR was performed using one standard and one
biotinylated primer. PCR ampli®ed products were
used as a template for direct sequencing. The
sequencing reaction was done using the AutoLoad
Solid Phase Sequencing kit (Pharmacia Biotech,
Uppsala, Sweden) and the automated dideoxy-
sequence analysis was run on an ALFexp re ss DNA
sequencer (Pharmacia Biotech, Uppsala, Sweden).
Biotinylated ampli®ed products were immobilised
on streptavidin-coated Autoload combs and se-
quenced according to the protocol (Hultman e t a l,
1989). Fluorescein-labelled primer and T7 poly-
merases were used for the sequencing reaction. The

terminated sequencing products were loaded di-
rectly onto an ALF DNA sequencer by inserting the
combs into a 6% Ready MixTM gel (Lagerkvist e t a l,
1994) which contains polyacrylamide, 100 mM
Tris-borate (pH 8,3), 1 mM Na2EDTA, 7 M urea.

Genotype dete rmination
Genotyping of JC virus strains was based on the
partial VP1 sequence which includes 10 type-
determining sites (Agostini e t a l, 1996a) which
permit the results that have been obtained to be
compared with those obtained by the sequencing of
the whole JC virus genome (Agostini e t a l, 1998a).
Sequence relationships and alignments were per-
formed by DNAsisÒ for WindowsÒ program of the
Hitachi Software Engineering Co. (San Bruno, CA,
USA). The DNA consensus sequences reported
were based on the GenBank/EMBL Data Library.

Dual infection de®nition
As the difference between the various JC virus
genotypes is based on single-base mutations in the
ampli®ed VP1 region, the length of the ampli®ed
products do not vary. Therefore, in order to identify
the different genotypes, the nucleotide sequence
analysis must be performed. When a sample
contains two JC virus genotypes, the employed
primers are capable of simultaneously amplifying
both strains that differ by a few point mutations.
The nucleotide sequence automatic analyser reads
the sequence without any dif®culty, however, at the
position where the two strains have different bases,
a double peak is produced. This ambiguous result is
then manually resolved by employing the operative
manual of the Alfexpress apparatus which provides
an interpretative code for the de®nition of the
ambiguous automatic reading. To con®rm these
unusual results, the ampli®ed products showing
these atypical patterns were subjec ted to nucleotide
sequence analysis three times and the same reading
was always obtained. Using this approach, dual
infection of the same sample with two different JC
virus strains can be detected and de®ned.

Sta tistica l analysis
The frequenc ies of JC virus DNA detection in the
CSF, PBMC and urine samples from the three study
groups were compared by calculating the odds ratio
(OR) and the con®dence interval limits using the
chi-square test with Yate’s correction (EpiInfo 6.0).
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