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JC polyomavirus (JCV) is the causative agent of progressive multifocal leukoencephalopathy (PML), a
central nervous system infection that mainly affects AIDS patients. The extensive application of highly active
antiretroviral therapy (HAART) is leading to the appearance of “long-term” survival PML patients. A reliable
and feasible qualitative-quantitative test for both the detection of JCV and follow-up of its viral burden in this
emerging group of patients is clearly required. With this aim, a dual qualitative-quantitative nested PCR is
presented in this study for the analysis of JCV DNA in cerebrospinal fluid (CSF). Two newly designed internal
controls, one competitive and the other noncompetitive, have been constructed to adapt this PCR to either
measure the JCV burden or to allow a highly confident determination of JCV presence or clearance. The
analytical sensitivity of the technique allows the detection of 0.01 fg (three genomes) of JCV DNA. Its
qualitative application has been evaluated by analyzing single CSF samples from a group of 17 patients with
PML and a control group of 20 patients with diverse neurological conditions other than PML, yielding
sensitivity and specificity values of 100 and 90%, respectively. The quantitative application has been evaluated
in vitro in blind tests with samples including serial dilutions of JCV, and in all cases the samples were
successfully ordered considering the JCV titer. The dual quantitative-qualitative application offered by this
nested PCR may provide an answer to the new requirements for evaluating and finely monitoring PML in AIDS
patients receiving HAART.

JC virus (JCV) is a ubiquitous polyomavirus probably ac-
quired asymptomatically during childhood and latently found
in most healthy adults (6, 10, 15, 16, 17). It is involved in
central nervous system (CNS) infection of immunocompro-
mised patients, causing progressive multifocal leukoencepha-
lopathy (PML), a rapidly evolving neurological disorder that
affects 2 to 10% of AIDS patients (5, 7).

Diagnosis of PML is generally presumptive and is made by
imaging techniques (computerized tomography or magnetic
resonance), but confirmation requires histopathological anal-
ysis of brain biopsy. Different PCR-based strategies to detect
JCV DNA in the cerebrospinal fluid (CSF) have been de-
scribed that use unique or successive CSF samples and single
or nested PCRs, sometimes including DNA purification, and
are designed to amplify different coding (VP1, small T-antigen,
large T-antigen) or noncoding viral regions, with variable di-
agnostic yields (7, 8, 10, 14, 17, 18, 24, 25).

Before the extensive application of human immunodefi-
ciency virus (HIV) antiretroviral combination therapies, PML
had a fatal outcome within weeks or months because of the
lack of effective therapies (9, 20). Since the application of
highly active antiretroviral therapy (HAART), several cases of

remission of PML have been reported (4, 11, 21), and at our
institution we have observed prolonged survival and clinical
and neurological improvement in PML patients (19).

The emergence of long-term survival PML patients among
those receiving HAART stresses the need for new technical
approaches capable of finely monitoring the presence and pro-
gression of this infection. In this study, we present a dual PCR
suitable for both highly confident detection of the presence
and clearance of JCV and quantitative follow-up of the JCV
burden in PML patients.

MATERIALS AND METHODS

Patients. CSF samples were obtained from a group of 37 patients (27 HIV
positive and 10 HIV negative). Among them, 17 HIV-positive patients had PML
according to clinical (diverse neurological symptoms, such as mono- or hemipa-
resis, speech or visual disorders, or sensorial deficits), neuroimaging (lesions
suggestive of PML appeared on CT as low-attenuation zones in the white matter
without contrast enhancement and no mass effect and in magnetic resonance
images as areas of increased signal intensity in T2 and isotense or hypointense in
relation to cortex in T1), and/or stereotactic brain biopsy criteria (based on the
detection of foci of myelin destruction and abnormalities in oligodendrocytes as
seen on hematoxylin and eosin staining); PML diagnosis was based on neuro-
imaging and clinical symptoms in 9 patients and on additional histopathological
confirmation in the remaining 8 cases. The remaining 20 patients had diverse
neurological conditions other than PML (10 of them were HIV positive and the
other 10 HIV negative); among the 10 HIV-positive patients, diverse neurolog-
ical entities were found: 5 cases of dementia-AIDS complexes, 1 case of cerebral
toxoplasmosis, 1 case of enteroviral meningitis, 1 case of cytomegalovirus (CMV)
encephalitis, 1 case of cerebral lymphoma, and 1 case of hepatic encephalopathy.
Among the 10 HIV-negative patients, 4 had bacterial meningitis and the remain-
ing 6 were nonimmunocompromised patients with a clinical evolution incompat-
ible with PML.
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CSF samples were separated into aliquots and stored at 270°C immediately
after extraction until analysis.

JCV DNA purification. For JCV DNA extraction, 9 ml of lysis buffer was added
to 111 ml of CSF (final concentration: 10 mM Tris-Cl, 0.5% SDS, 0.2 mg of
proteinase K per ml). Lysis reactions were incubated for 2 h at 50°C and after-
wards for 5 min at 100°C. Reactions were protein extracted, and DNA was
ethanol precipitated. Once dried, the pellet was resuspended in 24 ml of ultra-
pure water and immediately used for the PCR.

JCV nested PCR. A nested PCR which amplifies part of the region codifying
the large T antigen was performed for the detection of JCV DNA. All of the
PCR assays were “blind” (i.e., without clinical information on sources).

For the first amplification reaction, the primers selected were JC1 (59-AAGT
CCATTTTATCAAGCAA-39, nucleotides [nt] 3546 to 3565) and JC2 (59-TTG
TAAAGGTGTGAATAAGGA-39, nt 4001 to 3981). The PCR thermal profile
was 5 min at 94°C, 40 amplification cycles consisting of 1 min at 94°C, 1 min at
60°C, and 1 min at 72°C, and a tail end of 5 min at 72°C.

For the second nested reaction the primers were JC3 (59-TGCTACAGTAT
CAACAGCCT-39, nt 3632 to 3651) and JC4 (59-AGGAGCATGACTTTAACC
CA-39, nt 3909 to 3890) (8). The PCR profile was 5 min at 94°C, 40 amplification
cycles consisting of 1 min at 94°C, 1 min at 58°C, and 1 min at 72°C, and a tail
end of 5 min at 72°C. The annealing temperature was increased by 16°C in
comparison with that proposed previously (8) in order to decrease the smears
that were detected when analyzing amplification products by electrophoresis; this
indicates the occurrence of nonproductive unspecific amplifications.

Sequence searches in the EMBL DNA databases assured the absence of
significative homologies between the primers selected and the rest of the DNA
sequences compiled.

Reactions included 25 pmol of each primer, 13 PCR buffer (Boehringer
Mannheim) supplemented with 0.5 mM MgCl2, 0.2 mM deoxynucleoside
triphosphates, and 1 U of Taq polymerase (Boehringer Mannheim) in a 50-ml
final reaction volume. Five microliters of the extracted JCV DNA was amplified
in the first reaction, and 1.5 ml of this first amplification was used as a template
for the second reaction. Ten microliters of each reaction was used for electro-
phoretic detection of the amplicon, and NdeII digestions of the amplicon were
performed to check the amplification specificity. To avoid cross-contamination,
all reagents were separated into aliquots and discarded after use; water samples
were processed in parallel throughout the process and were included in tubes
positioned at random in the amplification plate.

The specificity of the PCR was assayed by proving the absence of cross-
reactions with other neurotropic viruses. Testing was performed with serial
dilutions of DNA extracted from supernatants (200 ml; following the same DNA
extraction method as for JCV) from in vitro-cultured samples of CMV, herpes
simplex virus (HSV), and varicella-zoster virus (VZV).

Construction of the amplification internal controls. (i) Noncompetitive inter-
nal control. The bla (b-lactamase) gene from Escherichia coli was amplified to
obtain a DNA fragment equivalent in length (416 bp) to that of the JCV region
which was used as the initial template for the nested PCR. The primers selected
were bla1 (59-TGTTATCACTCATGGTTAT-39, nt 1772 to 1809) and bla2 (59-
AAGAGTATGAGTATTCAA-39, nt 2188 to 2171). The PCR thermal profile
was 5 min at 94°C, 40 amplification cycles consisting of 1 min at at 94°C, 1 min
49°C, and 1 min at 72°C, and a tail end of 5 min at 72°C.

The 416-bp amplicon was cloned in the pGem-T vector (Promega). The
recombinant plasmid pGembla (Fig. 1a) was checked by electrophoretical and
restriction analysis, and the presence of the expected insert was proved by PCR
with primers bla1 and bla2.

(ii) Competitive internal control. The same region of JCV that is used as the
initial template in the nested PCR (limited by the outer JC1 and JC2 primers)
was cloned into the pGem-T vector, thus leading to the recombinant plasmid
pGemJC (Fig. 1a). The recombinant plasmid was checked by electrophoretic
mobility and enzymatic digestion; nested amplification of pGemJC led to the
same 277-bp amplicon as the one obtained when JCV was used as a template
(Fig. 1b). Finally, the whole insert was sequenced (Boehringer Mannheim).

pGemJC was engineered to render a slightly enlarged amplicon compared to
that obtained with the JCV target. A DNA fragment was cloned within the JC
region of pGemJC: a 57-bp insert obtained from the multicloning site of pUC18.
The recombinant plasmid pGemJCins (Fig. 1a) was amplified by nested PCR
with JC1-JC2 and JC3-JC4, giving the expected amplicon of 334 bp, which is
clearly distinguishable from that obtained with pGemJC (Fig. 1b). Finally,
pGemJCins was sequenced to prove the proper entry of the insertion.

Qualitative PCR. For qualitative PCR, 5 ml of JCV DNA extracted from CSF
and 1 ml of the noncompetitive control (pGembla) were coamplified; pGembla
control was included in amounts slightly above the limit of detection of the
technique (0.01 fg, see Results) to ensure that minimum traces of inhibitors were
able to block its amplification. Primers specific either for JCV and pGembla were
included in the same reaction to guarantee the absence of competition between
the amplifications of the respective templates. Primers JC1-JC2 and JC3-JC4
were included to amplify JCV, and for the amplification of the pGembla plasmid
control, UNA/UNB (17-bp M13 universal primers: 59-GTTTTCCCAGTCACG
AC39/59-CAGGAAACAGCTATGAC-39) for the first reaction and NCA (59-A
ATTGTAATACGACTCACTATA-39, nt 2982 to 3003) and NCB (59-TACTCA
AGCTATGCATGCAA-39, nt 123 to 104) for the second nested reaction were
included. Primers for pGembla amplification were designed to lead to an am-

plicon longer (539 bp) than the one obtained from pGemJC (277 bp) in order to
discriminate them (Fig. 1b). The amplification profiles were the same as those
previously indicated for JCV. The sensitivity limit value was the same for assays
including or not including the internal control.

Positive samples should show both the JCV and pGembla amplicons. The
pGembla amplicon was the only one detected in the negative samples, and no
amplicon was observed in the inhibited samples. For those cases in which inhi-
bitions were detected, DNA was additionally purified and diluted to eliminate
the effect of the inhibitors.

The software package EPI INFO (CDC) was used to calculate the sensitivity,
specificity, and predictive values.

Quantitative PCR. For quantitative PCR, 5 ml of the extracted JCV DNA was
coamplified with 1 ml of the competitive control (pGemJCins; slightly above the
sensitivity limit of detection [see Results]). The primers included were JC1-JC2
and JC3-JC4 for the first and second reactions, respectively, and were shared for
the competitive amplification of both JCV and pGemJCins. The 277-bp JCV
amplicon was observed when the JCV burden was above the competitive control
titer, whereas the 334-bp control amplicon was observed when it was below this
titer.

A set of seven dilutions (from 1 to 1026 pg) of the competitive control were
coamplified with the sample to be measured. Competition was detected when
equivalent amounts of JCV and control were coamplified. Therefore, the titer of
target in the sample (JCV DNA) was determined by the input amount of
competitive control included in the first dilution whose amplification is competed
with.

RESULTS

Analytical evaluation of the nested PCR. As an initial step in
the evaluation of our test, the analytical specificity of this PCR
was assessed by proving the absence of cross-reactions with
other agents commonly involved in CNS infections, such as
enterovirus, CMV, VZV, and HSV. No amplicons were de-
tected when DNA extracted from supernatants corresponding
to in vitro-cultured samples of these viruses (data not shown)
was used as a template.

A preliminary characterization of the product amplified by
this PCR was performed by using CSF from one patient with
biopsy-confirmed PML. A band with an electrophoretic mo-
bility corresponding to the expected size (277 bp) was observed
(Fig. 2a). When the PCR product was digested with NdeII, two
restriction products (107 and 170 bp) were obtained, confirm-
ing the expected presence of a site for that enzyme in the
amplified region (Fig. 2a). The amplicon was sequenced, and
the full identity with the known nucleotidic composition was
proved.

The analytical sensitivity limit of this nested PCR corre-
sponded to 0.01 fg (equivalent to three JCV genomes) (Fig.
2b) in successive determinations. It was calculated by amplifi-
cation of serial limiting dilutions of cloned JCV DNA
(pGemJC; Fig. 1, Materials and Methods) in CSF that previ-
ously had been tested as JCV-free.

Qualitative PCR. The qualitative application of this PCR for
PML diagnosis was evaluated by blind analysis of a group of 37
patients. All 17 patients fulfilling the diagnostic criteria for
PML were PCR positive for JCV. Among the 20 patients (10
HIV positive and 10 HIV negative) with other clinical entities,
PCR for JCV was negative in 18 cases and positive in the
remaining 2. In all cases the amplification control pGembla
(Fig. 1) was included to ensure the absence of laboratory con-
tamination. These two cases were HIV-positive patients with
an alternative CNS diagnosis in which a secondary infection by
JCV could not be fully ruled out. Therefore, the qualitative
JCV PCR detection rendered the following diagnostic values:
sensitivity, 100%; specificity, 90%; positive predictive value of
89.5% and negative predictive value of 100%.

Among those cases which had been PCR positive for JCV, a
second sample of CSF was obtained in seven patients receiving
HAART with a favorable clinical outcome, according to neu-
roimaging and neurological criteria (19). The second PCR
determination was negative for six of seven patients. To rule
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out the role of potential inhibitors causing false-negative re-
sults, an internal amplification control was constructed (pGem-
bla; Materials and Methods, Fig. 1a) and included in all assays.
The amplification of the internal control in all cases indicated
that PCR-negative results were a result of the clearance of JC
virus from the CSF of those patients. In all assays correspond-
ing to follow-up patients, at least one baseline sample was
included to rule out the presence of slight methodological
deviations that could be responsible for false-negative results.

The noncompetitive internal control was also included to
rule out inhibitors in all of the tests that were performed with
the patients selected for the evaluation of the technique (see
above). The efficiency of this control as a sensor of amplifica-
tion inhibitors was proved by the disappearance of its amplicon
when hemoglobin dilutions were added to the PCR sample
(data not shown).

Quantitative PCR. In order to devise a test suitable for a
finely graded follow-up of those PML patients who remain
PCR positive for JCV, a quantitative test based on the same
nested PCR was developed. The evaluation of this quantitative
application was performed in vitro by blind tests with a series
of laboratory-prepared samples that included serial dilutions
of JCV cloned DNA. Our purpose was to measure the JCV
titers in those samples to order them according to their dilu-
tion factor.

To develop the quantitative application of the nested PCR,
a competitive internal control was constructed (pGemJCins;
Fig. 1, Materials and Methods), and titration assays were per-
formed for its evaluation. Serial dilutions of pGemJCins were
coamplified with samples including increasing amounts of
cloned JCV DNA (pGemJC) (Fig. 3a). Cloned JCV was used
as a target, instead of the true JCV genomes from biological
samples, in order to be able to finely adjust the amount of
DNA for each assay. The expected competition between the
respective amplifications of pGemJC and pGemJCins was ob-
served, because they consume the same pairs of primers. The
JCins amplicon was observed when the pGemJCins burden
was above that of pGemJC. Therefore, pGemJC samples were

able to compete with JCins amplification up to the correspond-
ing equivalent dilution of pGemJCins (Fig. 3a). In summary,
the titer of the target (JCV DNA) in a sample corresponds to
the amount of internal control (pGemJCins) included in the
first dilution whose amplification is competed with.

The titration assay was also performed in the opposite sense,

FIG. 1. (a) Scheme of construction of the recombinant plasmids used as internal controls: pGemJC, pGemJCins, and pGembla. Cloning vector pGem-T is also
included. The origin of the different DNA fragments used for cloning and their respective lengths are indicated. The region of JCV selected for cloning is defined
between coordinates 3546 and 4001. pUC18 MCS, multicloning site from pUC18 vector. (b) Amplicons derived from PCR amplification of control plasmids: pGemJC
(277 bp), pGemJCins (334 bp), and pGembla (539 bp). Products of pGembla and pGemJC when coamplified in the same reaction are shown in the last lane. Left lane,
100-bp ladder as a molecular weight marker.

FIG. 2. (a) Characterization of the nested-PCR amplicon. Lanes: 1, 100-bp
ladder as a molecular weight marker; 2, 277-bp band corresponding to the
product of the nested-PCR; 3, restriction products after digestion of the 277-bp
amplicon with NdeII. Band mobilities are indicated on the sides of the gel. (b)
Amplification products of the nested PCR with serial dilutions of pGemJC as a
template. The sensitivity limit is indicated. Left lane: 100-bp ladder as a molec-
ular weight marker.
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that is, selecting pGemJCins to compete with a set of serial
dilutions of pGemJC. All of the observations made above were
also valid for this case (Fig. 3b). This indicates that the only
factor relevant in the competition dynamics is the ratio be-
tween the two competing molecules; the relative length of the
respective targets does not have a significant role.

To prove the quantitative application of this competitive
nested PCR, a series of samples with different pGemJC bur-
dens were blind tested (Fig. 3c). A set of serial dilutions of
pGemJCins was prepared to be coamplified with the different
JC problem samples. Samples with a low burden of target
should be those whose amplification can only compete with the
more diluted preparations of pGemJCins, whereas those with
higher titers should be able to compete even with the more
concentrated control samples. As indicated in Fig. 3c, it was
possible to correctly order the problem samples according to
their degree of dilution.

DISCUSSION

PML is a very severe CNS infection caused by JCV and
characterized until recently by a fatal outcome (9, 20). The
clinical symptoms and neuroimaging presentation are sugges-
tive of the disease, but diagnostic confirmation requires his-
topathological analysis of brain biopsy.

Prior attempts to detect JCV in CSF have indicated the need
to perform successive determinations for each patient to take
advantage of the increased amount of virus released into CSF
as PML progresses (7, 8), since the amounts of free JC virions
in the CSF of early-PML patients are extremely low (7, 8, 14).
Up to 20 to 30% of false-negative results have been reported
when such early determinations are obtained (7, 14). In our

case, a high diagnostic sensitivity (100%) was obtained despite
performing only a single determination for each patient and
immediately after the appearance of the first neurological
symptoms. This corresponds to our analytical sensitivity limit
(0.01 fg), which is higher than usual, as a result of working with
a genome region not subjected to sequence variability (1, 2, 13)
and the inclusion of strict viral lysis methods and DNA puri-
fication procedures.

Most of the patients in the control group (each of the 10
HIV-negative and 8 of the 10 HIV-positive patients) offered
negative PCR results, and no cross-reactions were observed
with samples of neurotropic viruses other than JCV. This in-
dicates the proper specificity of our approach. To interpret the
meaning of a PCR-positive result for two patients in this group,
it is worth noting that autopsy analysis has indicated that JCV
DNA can be found in 31% of HIV-positive patients (12, 22), a
much higher proportion than the 5% of AIDS patients con-
sidered to have PML. In our study these two patients corre-
sponded to HIV-positive cases with low CD4 counts. In both
patients the PCR was repetitively positive and the internal
amplification control was included in all of the determinations
to ensure that laboratory contamination did not occur. There-
fore, we interpret these data as a detection of subclinical pres-
ences of JCV as a result of the high sensitivity of this tech-
nique, rather than as false-positive PCR results due to
laboratory contamination. Ongoing experiments are being per-
formed with the quantitative JCV to try to define a “cut-off”
for the JCV burden that could discriminate the subclinical
presence of JCV from the viral titers associated with PML.

The recent reports of “long-term” survival and clinical im-
provement in patients with PML receiving HAART (4, 11, 19,
21) stresses the need for new technical approaches that allow

FIG. 3. Titration assays to evaluate the quantitative-competitive PCR. Mobilities corresponding to pGemJC and pGemJCins amplicons are indicated. The dilution
factors for each sample are also indicated; 1 corresponds to 1 pg of cloned JCV DNA. Dilutions increase from 1 to 1026. Panels: a, serial dilutions of pGemJCins
competed with increasing titers of pGemJC; b, serial dilutions of pGemJC competed with increasing titers of pGemJCins; and c, blind test of quantification with serial
dilutions of pGemJCins. Tests corresponding to the different samples are ordered according to their concentration, which was measured by their ability to compete with
dilutions of the internal control.
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for the monitoring of JCV in CSF. We have proved the use-
fulness of our qualitative PCR for highly confident detection of
JCV clearances from the CSF. The technique has been applied
to a group of seven PML patients receiving HAART, with a
good clinical and neurological outcome, and in six of them viral
clearance was documented (19).

The variable levels of JCV burden expected either for PML
progression (7, 8) or for regression in those emerging “long-
term” survival PML patients require the development of more-
precise quantitative determinations. Several attempts have
been made to quantify JCV in CSF samples. Serial limiting
dilution assays or measurements of the signal resulting from
the hybridization of amplicons with labeled probes have been
the most common approaches (3, 8). Here, we have success-
fully evaluated in vitro a much more precise quantification
method based on the coamplification of the JCV target with
serial dilutions of a newly designed competitive internal con-
trol. This quantifying approach has clear advantages: (i) the
internal control allows us to detect false-negative samples, and
(ii) the cutoff in the assay can be selected by varying the
amount of internal control used as competitor (23). The latter
could be suitable for a correct interpretation of those cases in
which traces of JCV are expected to be due either to subclin-
ical infections, such as those previously commented upon, or to
an efficient response to therapy.

Clinical samples have recently been tested with the quanti-
tative application, and it has been possible to measure loga-
rithmic differences among CSF samples belonging to different
PML patients. This proves that the resolution of this technique
is able not only to efficiently measure the JCV titer in labora-
tory-calibrated samples but also to detect biological variations
in the JCV burden in CSF samples.

The dual qualitative-quantitative PCR for analysis of JCV in
CSF presented here could help to fill the diagnostic gaps which
are appearing in the diagnosis and follow-up of the emergent
group of PML patients with a favorable clinical outcome.
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Quirós, R. Blázquez, J. Cosı́n, and E. Bouza. 1996. Cytarabine therapy for
progressive multifocal leucoencephalopathy in patients with AIDS. Clin.
Infect. Dis. 23:1066–1068.

21. Power, C. A., Nath, F. Y. Aoki, and M. Del Bigio. 1997. Remission of
progressive multifocal leucoencephalopathy following splenectomy and an-
tiretroviral therapy in a patient with HIV infection. New Engl. J. Med.
336:661–662.

22. Quinlivan, E. B., M. Norris, T. W. Bouldin, K. Suzuki, R. Meeker, M. S.
Smith, C. Hall, and S. Kenney. 1992. Subclinical central nervous system
infection with JC virus in patients with AIDS. J. Infect. Dis. 166:80–85.

23. Siebert, P. D., and D. E. Kellogg. 1995. PCR MIMICs: competitive DNA
fragments for use in quantitative PCR. In M. J. McPherson, B. D. Hames,
and G. R. Taylor (ed.), PCR2: a practical approach. IRL Press/Oxford
University Press, Oxford, United Kingdom.

24. Sugimoto, C., D. Ito, K. Kanada, H. Matsuda, H. Saito, H. Sakai, K. Fuji-
hara, Y. Itoyama, T. Yamada, J. Kira, R. Matsumoto, M. Mori, K. Na-
gashima, and Y. Yogo. 1998. Amplification of JC virus regulatory DNA
sequences from cerebrospinal fluid: diagnostic value for progressive multi-
focal leucoencephalopathy. Arch. Virol. 143:249–262.

25. Weber, T., R. W. Turner, S. Frye, W. Luke, H. A. Kretzschmar, W. Luer, and
G. Hunsmann. 1994. Progressive multifocal leukoencephalopathy diagnosed
by amplification of JC virus-specific DNA from cerebrospinal fluid. AIDS
8:49–57.

728 DE VIEDMA ET AL. J. CLIN. MICROBIOL.


