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JC virus (JCV) infection is regularly asymptomatic in healthy individuals. In
contrast, in immunocompromised individuals, highly activated virus replica-
tion may lead to PML. Peripheral blood cells (PBCs) are found to habor JCV
DNA in healthy and diseased individuals and it is discussed that they might
be responsible for dissemination of the virus to the central nervous system
(CNS) during persistence. To better understand the role of JCV DNA in PBCs
for persistent infection and pathogenesis, the authors characterized the ex-
tent of JCV infection in Ficoll-gradient purified blood cells (peripheral blood
mononuclear cells [PBMCs]) of healthy and human immunodeficiency virus
type 1 (HIV-1)–infected individuals. Virus activation in PBMCs from healthy
JCV-infected individuals was found at a rate of 0% to 38% at low polymerase
chain reaction (PCR) sensitivity. In progressive multifocal leukoencephalo-
pathy (PML) patients, a stronger signal was found, indicating increased virus
activation. JCV DNA was regularly detected in T and B lymphocytes and in
monocytes at low levels. However, granulocytes were shown to be the predomi-
nant reservoir of JCV DNA harboring high copy numbers. Although the overall
distribution of viral genomes holds true for the population studied, in the in-
dividual, a markedly changed pattern of distribution can be found. Journal of
NeuroVirology (2003) 9(suppl. 1), 81–87.
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Introduction

Primary contact with the human polyomaviruses
usually results in life-long persistence of viral ge-
nomic information. Virus replication seems to be
closely linked to immunological competence of the
infected host. Although persistent polyomavirus in-
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fection was believed to be latent in the immuno-
competent healthy individual (Dörries, 2001), acti-
vated expression is seen during impairment of the
immune system, as for example during pregnancy.
During long-term immunodeficiency as in acquired
immunodeficiency syndrome (AIDS) or lymphopro-
liferative disorders, asymptomatic virus infection
can be followed by virus replication, resulting in
cytolytic destruction of tissue and severe central ner-
vous system (CNS) disease, namely polyomavirus-
associated progressive multifocal leukoencephalopa-
thy (PML).

Sites of persistent infection are the urogenital sys-
tem and the CNS, occasionally leading to asymp-
tomatic viruria or presence of JC virus (JCV) in
the cerebrospinal fluid (CSF) of normal individuals.
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Virus was observed in tonsils, bone marrow, periph-
eral blood cells, and plasma by polymerase chain
reaction (PCR) in immunocompromised patients
(Dörries, 1999; Jensen and Major, 1999) and it is fea-
sible that JCV could be disseminated from the pe-
riphery to the CNS by infected blood cells (Dörries,
1999; Jensen and Major, 1999). In healthy individu-
als, full-length virus DNA was only occasionally de-
tected by Southern blot analysis and expression of
JCV genes in blood cells was not found (Andreoletti
et al, 1999; Dolei et al, 2000; Koralnik et al, 1999a).
Similar to findings in the CNS (Dörries, 2001), in hu-
man immunodeficiency virus type 1 (HIV-1)–infected
patients, higher levels of JCV DNA were found in pe-
ripheral blood mononuclear cells (PBMCs) than in
immunocompetent individuals. This indicates that
suppression of the immune system leads to virus acti-
vation, resulting in higher copy numbers of JCV DNA
in the blood.

To provide further insight into the role of
hematopoietic cells as a site for JCV persistence,
we examined the rate of JCV-positive blood cells in
healthy German individuals and HIV-1–infected pa-
tients with and without PML by highly sensitive PCR
techniques. Moreover, we investigated the distribu-
tion of JCV DNA in subpopulations of hematopoietic
cells collected from immunocompetent persons.

Results

JCV DNA in PBMCs of persistently infected
individuals
PBMCs of persistently infected individuals were iso-
lated by Ficoll-Isopaque density gradients and pres-
ence of JCV DNA was analyzed by PCR. The exper-
imental strategy involved a first round of standard
PCR (sPCR) followed by nested PCR (nPCR) with in-
ternal primers, characterization of the products by
gel electrophoresis, and radioactive Southern blot hy-
bridization. Sensitivity of the primer pairs for sPCR
was determined to be between 0.1 fg and 1 fg of JCV
DNA or about 20 to 200 genome equivalents, although
in the presence of chromosomal DNA (0.5 to 1 μg
DNA), the sensitivity was reduced 10-fold. Using ra-
dioactive hybridization and nPCR increased the lim-
its of detection between 10 and 100 times, resulting
in sensitivity of 1 to 10 genome equivalents.

Analyses were performed on PBMCs collected
from HIV-1–infected patients with neurological
symptoms other than PML (10 cases), PML patients
(6 cases), healthy blood donors (30 cases), and labora-
tory personel (8 cases) (Table 1, Figure 1A). Compari-
son of rates of JCV DNA between these four groups at
different stages of PCR sensitivity revealed that the
rate of JCV carriers after sPCR ranged from 0% to
38%. Radioactive Southern blot analysis enhanced
the rate of detection to more than 60%. After PCR and
radioactive hybridization, JCV DNA products were
amplified in almost all samples (Table 1, Figure 1A).

Table 1 Prevalence of JCV in PBMCs of immunocompetent and
immunoimpaired individuals

PBMCs No. sPCR◦ SB◦◦ nPCR◦◦◦

Immunocompetent
Blood donors 30 7/30 6/10 15/16

(23.3%) (60%) (93.8%)
Laboratory personnel 8 3/8 4/8 8/8

(37.5%) (50%) (100%)
Immunodeficient

HIV/OND§ 10 0/10 5/10 10/10
(0%) (50%) (100%)

HIV/PML 6 2/6 2/3 5/6
(33.3%) (67%) (83.3%)

Total 54 12/54 17/31 38/40
(22.2%) (54.8%) (95%)

◦Standard PCR; ◦◦radioactive Southern blot analysis; ◦◦◦nested
PCR; §OND, neurological symptoms other than PML.

Low rate of infection after sPCR confirmed that lev-
els of viral DNA were generally very low. However,
detection of JCV DNA in almost all individuals after
nPCR suggested that JCV DNA is regularly associated
with PBMCs of infected individuals.

Prevalence of JCV DNA in the group of immuno-
compromised HIV-1–infected (n = 10) and PML pa-
tients (n = 6) did not vary considerably compared
to that in healthy individuals (Table 1). This was in
contrast to earlier reports (Koralnik et al, 1999a) and
prompted us to analyze JCV DNA in PBMCs of four
and six serial blood specimens collected from two ad-
ditional progressive PML patients. Interestingly, no
JCV DNA could be amplified in any sample from one
patient, whereas in the second patient, four of six
samples were positive for JCV DNA after sPCR. This
suggested that association of JCV DNA with PBMCs
may vary considerably among PML patients and, if
JCV DNA is present, virus load is not constant during
the course of disease.

Semiquantitative PCR analysis of JCV target DNA
by serial dilutions of PBMC DNA (10 to 500 ng) from
the PML patient revealed that virus amplification was
achieved at considerably lower cellular DNA concen-
trations (50 to 100 ng) compared to that of PBMC DNA
from healthy and HIV-1–infected individuals (0.5 to
1 μg). Similarly, after in situ hybridization of PBMCs
from a PML patient using a JCV-specific radioactive-
labeled RNA probe, autoradiographic grains repre-
senting JCV DNA were more densely packed com-
pared to PBMCs from healthy persons. In addition,
the amount of labeled cells was higher than that in
normal individuals (Figure 1B). In summary, during
PML, more PBMCs carried a higher virus DNA load
compared to that in healthy individuals (Dörries et al,
1994).

Association of JCV with subpopulations
of peripheral blood cells
The role of peripheral blood cells for persistent JCV
infection and possible consequences for pathogenesis
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Figure 1 JCV DNA in peripheral blood cells of healthy individuals and PML patients. (A) JCV-specific PCR amplicons in PBMCs of
healthy individuals. sPCR of JCV DNA sequences was performed on DNA from PBMCs of laboratory workers (sample LP 1–8) with primer
pairs for the control region. Sensitivity was enhanced by nPCR with an internal primer pair. Electrophoretic characterization of products
was followed by Southern blot hybridization using a radioactive JCV-specific ssRNA probe (◦). JC1/2: 0.1 pg of pJCVGS/B DNA served as
PCR control with 1 and 2 units of Taq-polymerase, respectively; (◦ ): contamination control without viral target DNA; bp: PCR product
length. (B) JCV DNA associated with PBMCs of PML patients as demonstrated by in situ hybridization with a JCV-specific radioactive
ssRNA probe followed by autoradiography. Arrows: Black grains represent hybridization of JCV-specific DNA above cells counterstained
with Gill’s hematoxilin. Size calibration line = 20 μm.

might depend on the cell type targeted by the virus
in the immunocompetent individual. Therefore, we
examined which subpopulations of hematopoietic
cells in the blood were associated with JCV DNA

by PCR analysis of buffy coat cells from healthy
blood donors. Cell separation of B lymphocytes, T
lymphocytes, monocytes, and granulocytes was per-
formed by magnetic cell separation using monoclonal
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antibodies (MABs) specific for CD19, CD3, CD14, and
CD66b surface markers, respectively. Alternatively,
granulocytes were purified from peripheral blood
cells by a two-step Percoll gradient. Success of the
purification procedure was controlled by tricolor flu-
orescence staining and flow cytometric analysis. Typ-
ically, CD19+ B lymphocytes were enriched up to
85% to 96%, CD14+ monocytes between 58% and
97%, CD3+ T lymphocytes between 94% and 96%,
and CD66b+ granulocytes between 95% and 98%.

Association of JCV with hematopoietic cells was
determined by analysis of DNA from PBMC of eight

Figure 2 JCV DNA in PBMCs, and leukocyte subpopulations of persistently infected healthy individuals. (A) PBMCs of five blood donors
(BD) were subjected to sPCR with primers for the control region and nPCR with an internal primer pair, each followed by Southern
blotting and radioactive hybridization (◦). (B) Subpopulations of hematopoietic cells obtained from four blood donors were subjected to
PCR analysis applying the same primer pairs. sPCR and subsequent Southern blot analysis revealed amplicons in cell populations of
CD3+ T lymphocytes (T) and CD19+ B lymphocytes. M sPCR: marker bands are pMALc-2/MspI DNA fragments; M nPCR: marker bands
are pBluescript II KS(+)/MspI DNA fragments; JC: amplification control with pJCVGS/B DNA; (◦ ): contamination control without viral
target DNA; bp: PCR product length. (B), CD14+ monocytes (M) or CD66b+ granulocytes (G). (C) JCV amplification in PBMCs and blood
cell subpopulations. +/◦ : distribution of cell populations associated with JCV DNA in individual blood donors. ′′/§: sPCR/Southern blot
analysis.

blood donors and the respective subpopulations of
blood cells. sPCR-amplified JCV-specific products
in one (NL23) out of eight blood samples. In two
additional samples, (NL22, 25) JCV DNA was de-
tected at very low concentrations in PBMCs after
Southern blot analysis. After nPCR and following
Southern blot analysis, JCV DNA was detected in
seven of eight samples. These results were in the
same range as sPCR analysis on healthy individuals
(Table 1). In Figure 2, the experiments are docu-
mented for five PBMC samples. Amplification rates
increased from sPCR (1/5) to hybridization (3/5) and
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nPCR and Southern blot analysis (4/5). Subsequent
analysis of leukocyte subpopulations revealed that in
cases of a low product yield in PBMCs (NL21, 22), JCV
DNA was detected in CD19+ B lymphocytes, CD14+
monocytes, and CD66b+ granulocytes at varying con-
centrations. Similarly, in the donor with the strongest
signal in unselected PBMCs (NL23) JCV DNA was am-
plified in each individual cell population with an im-
portant signal in the CD66b+ granulocyte fraction. In-
terestingly, in the unselected negative sample, NL24,
exclusively the CD66b+ granulocyte population car-
ried JCV DNA after cell separation.

In summary, our data demonstrated highly variable
concentrations of JCV DNA in samples of peripheral
blood cells from healthy individuals. JCV DNA can
be shown to be associated with each cell population
analyzed, including monocytes. However, the most
prominent signal of JCV DNA was obtained by ampli-
fication of cellular DNA from CD66b+ granulocytes.

Discussion

The unresolved question for the role of JCV in pe-
ripheral blood led us to investigate the presence of
JCV DNA in peripheral blood cells of healthy indi-
viduals by amplification of JCV target DNA. The strat-
egy for PCR included standard first PCR followed by
sensitivity enhancement by nPCR technique and ra-
dioactive Southern blot analysis. Apart from selec-
tion of highly sensitive primer pairs specific for JCV,
each individual step from sPCR to nPCR and hy-
bridization was controlled by samples without tar-
get DNA. Only those experiments were included
in the study, in which all controls without target
DNA remained negative. Stepwise analyses of PBMC
samples revealed that after sPCR, between 23% and
38% of samples were found positive, whereas after
Southern blot analysis of the sPCR products, 50%
to 67% were found to carry JCV DNA. Only by
nPCR JCV DNA was detected in nearly all samples.
This confirms that the level of JCV DNA in many
cells is very low, requiring highly sensitive detection
techniques.

Amplification rates of JCV DNA in PBMCs of im-
munoimpaired patients after first PCR were compa-
rable to those in healthy individuals. In contrast,
semiquantitative PCR analysis of JCV DNA as well
as in situ hybridization of PBMCs supported the as-
sumption of a higher virus load in individual PBMC
samples from PML patients compared to that of
healthy individuals. This descrepancy was explained
by the analysis of sequential blood cell samples of
two PML patients. JCV DNA was detectable nei-
ther in all PBMC samples nor in each patient. From
these data, the question of a possible association of
JCV activation in peripheral blood and immunosup-
pression as induced by HIV/PML could not be de-
cided (Andreoletti et al, 1999; Koralnik et al, 1999a,
1999b).

Although the rate of individuals carrying JCV DNA
in PBMCs is controversially discussed between lab-
oratories, there is agreement on a low virus load in
peripheral blood (Andreoletti et al, 1999; Koralnik
et al, 1999a, 1999b). Nevertheless, because associ-
ation of JCV with blood cells might be limited to
distinct subpopulations, characterization of the af-
fected cell type could be helped by improved detec-
tion methods. With the highly sensitive amplification
system, we succeeded in amplification of JCV DNA
from subpopulations of blood cells where it was not
possible in whole PBMCs. These findings are in line
with a generally low virus load in peripheral blood
cells of healthy donors and point to a preference of
the virus for certain cell types.

However, the association of JCV DNA with cellu-
lar subpopulations in individual blood samples was
highly heterogeneous. It ranged from all cell types an-
alyzed to only one out of four. Similarly, the amount
of JCV DNA in individual subpopulations varied from
sample to sample. Although the findings were highly
heterogeneous between individuals, it became clear
that the granulocyte is a preferred cell type for har-
boring JCV DNA. Because also B lymphocytes were
occasionally found positive for JCV DNA by PCR,
our data are not in contradiction to earlier findings
that B lymphocytes are susceptible to JCV infection.
The variable amplification pattern rather suggests a
complex interaction of the virus with different sub-
populations of hematopoietic cells. This may include
persistent virus infection (Jensen and Major, 1999)
as well as attachment to cellular membranes (Wei
et al, 2000) or phagocytosis of virus particles. The
level of DNA concentration in blood donors is far
below that described in the PML patients. There-
fore, it remains to be determined whether the virus
DNA in peripheral blood cell populations of PML pa-
tients might be a useful marker for progress of disease
and thus could facilitate diagnosis and therapeutic
intervention.

Material and methods

Patients material
Blood samples were collected from 6 HIV-1 patients
with histopathologically and virologically diagnosed
PML, from 10 HIV-1 infected patients with neurolog-
ical diseases other than PML, and from a group of
8 laboratory workers. Peripheral blood cells of blood
donors (n = 30) were prepared from buffy coats of the
blood bank, Bavarian Red Cross, Würzburg.

Isolation and phenotypic characterization
of blood cells
PBMCs were isolated by Isopaque Ficoll-gradient
(density 1.0772 g/ml) centrifugation (Dörries et al,
1994). Granulocytes were purified by a two-step
Percoll gradient (1.0772 g/ml and 1.090 g/ml) at
600 ◦ g for 30 min at 20◦C. Cells were located at
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the interphase of the Percoll layers. T lymphocytes,
monocytes, and B lymphocytes were separated from
PBMCs by positive selection with mouse MABs
conjugated with magnetic beads (MACS) (Milteny,
Germany). MABs were specific for human CD3
(IgG2a), CD14 (IgG2a), and CD19 (IgG1), respectively.
The separation procedure was essentially as de-
scribed by the manufacturer. Phenotypic character-
ization of enriched blood cell subpopulations was
performed by direct immunofluorescence followed
by flow cytometry. In addition, MABs specific for
CD3 (fluorescein isothiocyanate [FITC]-conjugated,
mouse IgG1, clone UCHT-1; Immunotech), CD14
(phycoerythrin-conjugated, mouse IgG2a kappa,
clone RMO52; Immunotech), CD19 (phycoerythrin-
cyanine dye label 5 conjugated, mouse IgG1, clone
J4.119; Immunotech), or CD66b (FITC-conjugated,
mouse IgG1 kappa, clone 80H3; Immunotech) were
used as primary antibodies for staining of cells.
Isotype-matched control antibodies (clone U7.27,
mouse IgG2a; clone 679.1Mc7, mouse IgG1; Im-
munotech) were used as negative controls. All label-
ing steps were performed on ice in a total volume of
100 μl. Labelling was carried out by incubation of
cells (1 ◦ 104 to 2 ◦ 105) for 30 min with the respec-
tive MABs followed by fixation in 3% paraformal-
dehyde. Subsequently, cells were washed and 1 ◦
104 events were assessed on a FACScan (Becton &
Dickinson) using CellQuest 1.2.2 analysis software.

Characterization of JCV-specific DNA by PCR
and in situ hybridization
DNA was purified from peripheral blood cells by the
classic extraction method, including lysis of cells
with 1% sodium dodecyl sulfate (SDS), proteinase
K treatment, repeated phenol extraction followed by
RNase treatment, and either dialysis or ethanol pre-
cipitation (Dörries et al, 1994). Cellular DNA was
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