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When TT virus (TTV) DNA was quantitated in whole
blood and plasma aliquots from 27 viremic individuals
by real-time detection PCR that can detect essentially
all TTV genotypes, the TTV load was 6.9 6 3.5 (mean 6
standard deviation)-fold higher in the whole blood than
in the plasma samples [P < 0.002 (paired t test)]. To
clarify the reason for this difference, peripheral blood
cells of various types including red blood cells, granulo-
cytes (CD151), B cells (CD191), T cells (CD31), mono-
cytes (CD141), and NK cells (CD32/CD561) were sepa-
rated at a purity of 95.4–99.5% from each of three
infected individuals with relatively high TTV viremia,
and their TTV viral loads were determined. Red blood
cells were uniformly negative, but the other cell types
were positive for TTV DNA at various titers. In all three
patients, the highest TTV load was found in granulo-
cytes (4.2 3 104–3.1 3 105 copies/106 cells), followed by
monocytes (1.4–2.2 3 104 copies/106 cells) and NK cells
(5.4–6.5 3 103 copies/106 cells); B and T cells were posi-
tive, with a low viral load (6.7 3 101–2.7 3 103 copies/106

cells). These results indicate that TTV is distributed in
various peripheral blood cell types at distinct levels,
with the highest viral load in granulocytes, and that a
significant proportion of the TTV DNA in peripheral
blood is not identified by the standard plasma/serum
DNA detection methods. © 2002 Elsevier Science
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TT virus (TTV) was first identified in a patient with
posttransfusion hepatitis of unknown etiology (1). It is
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an unenveloped, single-stranded, circular DNA virus of
negative polarity with a diameter of 30–32 nm and a
total genomic length of approximately 3.8 kilobases
(2–5). Due to its unique genomic structure, transcrip-
tional profile and sequence variability, TTV has tenta-
tively been placed into the Circoviridae family or in a
novel virus family, the Circinoviridae or the Paracir-
coviridae (3, 6); the most closely related known virus is
chicken anemia virus (CAV) (7). TTV can replicate in
multiple tissues including the liver, bone marrow and
lung, as circular, double-stranded TTV DNA in the
replicative form and TTV mRNA have been detected in
various tissues, although viral replication levels in
each tissue differ among infected individuals (8–11).

TTV has an extremely wide range of sequence diver-
gence, and at least 38 TTV genotypes and five major
phylogenetic groups (groups 1–5) have been identified
(10, 12–15). Eight genotypes of the SEN virus (SENV,
SENV-A to SENV-H) have been classified into TTV
group 3, which is represented by the TUS01 and SAN-
BAN isolates (5, 16–18). The extent to which the TTV
sequence has been preserved varies by genomic region.
Hence, the genomic area that is selected as the target
region for polymerase chain reaction (PCR) amplifica-
tion of TTV DNA, considerably influences the rate of
detection of TTV DNA by PCR (12). Accordingly, in the
present study, PCR was performed using primers
based on the well-conserved sequence of an untrans-
lated region that can detect nearly all genotypes/
genetic groups (12, 15, 19).

Previous studies have indicated the association of
TTV with peripheral blood mononuclear cells (PBMC)
and the distinct distribution of TTV genotypes between
plasma and PBMC (19–24). However, little is known
about the distribution of TTV in the various types of
peripheral blood cells. In the present study, we found
that the titer of TTV DNA is significantly higher in



cytes (CD191) were prepared with the use of anti-CD19-
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whole blood than in the corresponding plasma. To elu-
cidate the precise reason for this discrepancy, periph-
eral blood cells including red blood cells, B- and
T-lymphocytes, monocytes, NK cells, and granulocytes
were separated at a high purity of .95% and the TTV
DNA in these cells was quantitated by real-time detec-
tion PCR. The present study indicated that, contrary to
the previous study by Maggi et al. (24), TTV was most
abundant in granulocytes among the studied periph-
eral blood cells, having a viral load comparable to that
in whole blood.

MATERIALS AND METHODS

Subjects. Blood samples were drawn from 30 healthy Japanese
individuals [25 males and 5 females; age, 42.0 6 9.3 years (mean 6
standard deviation, SD), range 26–64 years]. Four ml of venous
blood was mixed with 0.4 ml of 0.15 M sodium citrate, and 200 ml of
this mixture was divided into four aliquots and kept as “whole blood”
samples at 280°C until testing. Plasma samples were separated
from 4.2 ml of the remaining citrated blood by centrifugation at 800g
at 25°C for 20 min, and stored at 280°C until testing. For the
purpose of cell separation, 30 ml of venous blood was collected from
each of three individuals with high TTV viremia (3 males; age, 47,
49, and 53 years), and mixed with 3 ml of 0.15 M sodium citrate. All
of the studied subjects were negative for serological markers of
hepatitis B virus (MyCell HBsAg RPHA; Institute of Immunology,
Co. Ltd., Tokyo, Japan), hepatitis C virus (Abbott HCV PHA 2nd
Generation; Dainabot, Tokyo, Japan) and human immunodeficiency
virus type I (SERODIA-HIV; Fujirebio, Tokyo, Japan).

Percoll gradient centrifugation. Using 33 ml of the citrated pe-
ripheral blood, PBMC and polymorphonuclear leukocytes (PMNL)
were separated from red blood cells by density gradient centrifuga-
tion at 800g at 25°C for 20 min over Percoll (Amersham–Pharmacia
Biotech AB, Uppsala, Sweden), according to the manufacturer’s in-
structions. The recovered PBMC fraction was mixed with 4 volumes
of Hanks’ Balanced Salt Solution (HBSS; Sigma, St. Louis, MO), and
briefly centrifuged (200g at 25°C for 10 min). The resulting pellet
was rinsed twice with 2% (v/v) fetal calf serum (FCS) in HBSS and
suspended in 1 ml of 10% FCS in RPMI 1640 medium (Sigma) to
obtain the “PBMC-enriched fraction.” Similarly, the PMNL fraction
obtained as a result of density gradient centrifugation over Percoll
was mixed with 3 vol of 0.75% (w/v) NaCl solution, and, after a brief
centrifugation, the pellet was washed once with 50 ml of saline,
suspended in 1 ml of phosphate-buffered saline (PBS) supplemented
with 2 mM EDTA, and subjected to treatment with 50 ml of lysis
buffer containing 155 mM NH4Cl, 10 mM KHCO3, and 0.1 mM
EDTA–2Na at room temperature for 6 min, followed by a brief
centrifugation. The resulting pellet was rinsed with 50 ml of PBS
supplemented with 2 mM EDTA, and suspended in 1 ml of 10% FCS
in RPMI 1640 medium to obtain the “PMNL-enriched fraction.” Five
milliliters of red blood cells recovered from the bottom layer was
rinsed three times with 50 ml of saline and used as the “red blood cell
fraction.” The “PBMC-enriched fraction” and “PMNL-enriched frac-
tion” were subjected to the cell sorting described below.

Cell separation by magnetic cell sorting. Monocyte-enriched and
monocyte-depleted populations were prepared from the “PBMC-
enriched fraction” with the use of magnetic beads. In brief, cells were
stained with anti-CD14-fluorescein isothiocyanate (FITC) (BD
PharMingen, San Diego, CA), and monocytes (CD141) were purified
with anti-FITC MicroBeads, magnetic cell separator MidiMACS and
LS separation columns (Miltenyi Biotec GmbH, Bergisch Gladbach,
Germany). For purification, hereafter, magnetic cell separator Mini-
MACS and MS separation columns (Miltenyi Biotec GmbH) were
used instead of MidiMACS and LS columns, respectively. B lympho-
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phycoerythrin (PE) (BD PharMingen) and anti-PE MicroBeads
(Miltenyi Biotec GmbH) from 0.6 vol of the monocyte-depleted pop-
ulation, and T lymphocytes (CD31) were purified with use of anti-
CD3-PE (BD PharMingen) and anti-PE MicroBeads from the re-
maining 0.4 vol of the monocyte-depleted population. Further, from
the T lymphocyte-depleted fraction, NK cells (CD32/CD561) were
prepared with the use of anti-CD56-PE (BD PharMingen) and
anti-PE MicroBeads. In addition, from the “PMNL-enriched frac-
tion,” granulocytes (CD151) were purified with the use of anti-CD15-
FITC (BD PharMingen) and anti-FITC MicroBeads. To increase the
purity of each cell population, each cell sorting procedure using an
LS or MS separation column was performed twice. Aliquots of 105–
106 cells were prepared for each cell fraction and kept at 280°C for
future analysis. Purity was assessed by fluorescence-activated cell
sorting (FACS) analysis on a FACSCalibur machine (Becton–
Dickinson, Franklin Lakes, NJ).

Detection and quantitation of TTV DNA. Nucleic acids were ex-
tracted from 50 ml of whole blood or plasma, or from 105–106 cells of
red blood cells, monocytes, B-lymphocytes, T-lymphocytes, NK cells
or granulocytes using the High Pure Viral Nucleic Acid kit (Roche
Diagnostics GmbH, Mannheim, Germany), and dissolved in 50 ml of
nuclease-free distilled water. Plasma samples were tested for TTV
DNA by nested polymerase chain reaction (PCR) in the presence of
Perkin–Elmer AmpliTaq Gold (Roche Molecular Systems, Inc.,
Branchburg, NJ), according to the same method described previously
(19) except for the following primer pairs. The first-round PCR was
performed using primers NG472 (sense, 59-GCG TCC CGW GGG
CGG GTG CCG-39 [W 5 A or T]) and NG352 (antisense, 59-GAG CCT
TGC CCA TRG CCC GGC CAG-39 [R 5 A or G]), and the second-
round PCR was carried out using primers NG473 (sense, 59-CGG
GTG CCG DAG GTG AGT TTA CAC-39 [D 5 G, A, or T]) and NG351
(antisense, 59-CCC ATR GCC CGG CCA GTC CCG AGC-39), which
were derived from a well-conserved area in the untranslated region
of the TTV genome. The size of the amplification product of the
first-round PCR was 91 bp [nucleotide (nt) 162–252], and that of the
second-round PCR was 71 bp (nt 174–244): the nucleotide positions
are in accordance with the prototype TTV isolate (TA278) of 3853 nt
(5). The sensitivity was estimated to be 300–500 copies/ml when
nucleic acids corresponding to 10 ml of plasma were used for the PCR
assay.

TTV DNA was quantitated by real-time detection PCR using 1–10
ml of the nucleic acid solution as a template, primers NG473 and
NG352, a dual fluorophore-labeled probe [NG369-P, 59-(Fam)-AGT
CAA GGG GCA ATT CGG GCT CGG GA-(Tamra)-39; nt 203–228],
and the LightCycler-FastStart DNA Master Hybridization Probes
kit (Roche Diagnostics GmbH). PCR amplification was started with
an initial denaturation at 95°C for 10 min, followed by 50 cycles of
denaturation at 95°C for 10 s and annealing-extension at 62°C for
30 s. All reactions were performed in a LightCycler System (Roche
Diagnostics GmbH). The quantification limit of the system was 3 to
5 copies per test capillary (20 ml of reaction mixture). The overall
variation was less than 0.5 log. All samples were tested in triplicate
from independent extractions and the mean values are shown under
Results.

RESULTS

Comparison of TTV DNA Titer in Paired Whole
Blood and Plasma Samples

Among the 30 plasma samples tested, 27 (90%) were
positive for TTV DNA by nested PCR, the positive rate
being comparable with previous reports (15, 19). Then,
the whole blood and plasma samples from these 27
healthy individuals were subjected to quantitation of
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TTV DNA, and the titers were compared (Fig. 1). The
TTV viral load in the whole blood samples was corre-
lated with that in the paired plasma samples (correla-
tion coefficient, 0.9414). However, the TTV viral load in
the whole blood samples was significantly higher than
that in the plasma samples [3.7 3 105 6 5.3 3 105 vs
5.2 3 104 6 7.4 3 104 copies/ml, P 5 0.0012 (paired t
test)]. In other words, the TTV load in whole blood was
6.9 6 3.5 (range 1.8–16.8)-fold higher than that in the
paired plasma. To clarify the reason for this discrep-
ancy, the various types of peripheral blood cells were
purified and their TTV viral loads were determined.

FIG. 1. Comparison of TTV DNA titers in plasma and whole
blood samples obtained from 27 symptom-free TTV carriers. There
was a significant correlation between the TTV DNA titer in plasma
and that in whole blood [r 5 0.9414; P , 0.0001 (Pearson’s
correlation coefficient test)]. The TTV DNA titer was significantly
higher in whole blood than in plasma [P 5 0.0012 (paired t test)].
The samples indicated by closed boxes are from subjects 1–3 in
Tables 1 and 2.

TAB

TTV Loads in Whole Blood, Plasma, and Fract

Specimena

Subject 1

Purityb

(%)
TTV viral load

(copies/ml or 106 cells)

Whole blood 3.8 3 105

Plasma 6.7 3 104

PBMC
Monocytes (CD141) 99.0 2.2 3 104

B lymphocytes (CD191) 98.1 5.7 3 102

T lymphocytes (CD31) 99.5 6.7 3 101

NK cells (CD32/CD561) 99.2 6.5 3 103

PMNL
Neutrophils (CD151)c 98.4 4.2 3 104

Red blood cells .99.5 (2)d

a Abbreviations used: PBMC, peripheral blood mononuclear cells;
b Purity was assessed by FACS analysis (see Materials and Meth
c Among PMNL, both neutrophils and eosinophils are known to ha

microscopic observation of the purified CD151 population.
d Negative for TTV DNA.
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Purity and TTV Load of Fractionated Peripheral
Blood Cells

Using venous blood samples obtained from three
healthy individuals with high TTV viremia (subjects
1–3), different leukocyte subsets including monocytes,
B cells, T cells, NK cells, and granulocytes were pre-
pared by Percoll gradient centrifugation followed by
magnetic cell sorting. Cell purity was assessed by
FACS analysis using CD3, CD14, CD15, CD19, and
CD56 as cell surface markers, and it was found to be
97.7–99.0% for the monocytes (CD141), 96.2–98.1% for
B cells (CD142/CD191), 99.5% for T cells (CD142/
CD31), 95.4–99.2% for NK cells (CD142/CD32/
CD561) and 98.0–98.4% for granulocytes (CD151)
(Table 1). The purity of the red blood cells was .99.5%
when counted under microscopic observation.

The red blood cells were uniformly negative for
TTV DNA, whereas the other cell types were positive
for TTV DNA at various titers ranging from 6.7 3 101

to 3.1 3 105 copies/106 cells. The highest viral load
was found in granulocytes in the three individuals
tested (4.2 3 104–3.1 3 105 copies/106 cells), followed
by monocytes (1.4 –2.2 3 104 copies/106 cells) and NK
cells (5.4 – 6.5 3 103 copies/106 cells); the B and T
cells of the three viremic subjects were positive for
TTV DNA, with a low viral load (6.7 3 101–2.7 3 103

copies/106 cells) (Table 1). Although the term “gran-
ulocyte” includes neutrophils, eosinophils, and ba-
sophils, neutrophils were found to predominate in
the recovered CD151 granulocyte fraction by micro-
scopic observation. Therefore, the terms “neutrophil”
and “granulocyte” are used interchangeably in this
report.

1

ated Peripheral Blood Cells of Various Types

Subject 2 Subject 3

rity
%)

TTV viral load
(copies/ml or 106 cells)

Purity
(%)

TTV viral load
(copies/ml or 106 cells)

1.5 3 106 2.2 3 106

2.4 3 105 3.1 3 105

8.9 1.4 3 104 97.7 1.6 3 104

6.5 1.5 3 103 96.2 2.7 3 103

9.5 3.0 3 102 99.5 8.5 3 102

5.4 5.4 3 103 96.9 6.5 3 103

8.0 3.1 3 105 98.2 1.3 3 105

9.5 (2) .99.5 (2)

NL, polymorphonuclear leukocytes.
) or by microscopic observation for red blood cells.
CD15 as a cell surface marker, but no eosinophils were observed on
ion
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TABLE 2

Vol. 290, No. 1, 2002 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS
Estimation of Relative Amount of TTV DNA in Each
Peripheral Blood Cell Type in 1 ml of Whole Blood

The total white blood cell count was 7.3 3 106/ml in
subject 1, 6.0 3 106/ml in subject 2, and 8.0 3 106/ml in
subject 3. The cell count of each peripheral blood cell
type was estimated based on those counted on the
blood smear by microscopic observation and based on
the cell ratio as determined by FACS analysis. As
shown in Table 2, the amount of TTV DNA in granu-
locytes recovered from 1 ml of whole blood was esti-
mated to be 1.7 3 105–1.1 3 106 copies, and was 3.9- to
9.2-fold higher than that in the corresponding plasma
and comparable with that in whole blood. Although the
estimated TTV load in granulocytes was only 30% to
70% of the actual TTV load in whole blood, this sup-
ports that TTV in granulocytes may predominantly
contribute to the high TTV titer in whole blood.

DISCUSSION

At present, plasma/serum DNA detection methods
are standard for the detection of TTV DNA. When we
were quantitating TTV DNA in a heavily hemolyzed
plasma sample, we noticed that the TTV titer in this
sample was significantly higher than that in a non-
hemolyzed plasma sample collected from the same pa-
tient one day before. With regard to hepatitis C virus
(HCV), it is well known that whole blood contains a
higher titer of viral RNA than plasma (25), and it has
been suggested that whole-blood assays may be more
reliable for HCV-RNA quantitation in hepatitis C
patients with cryoprecipitate (26). These results

Estimated Distribution of TTV in Plasm
of Various Types Recovere

Specimena

Subject 1

Volume/cell
count

TTV viral load
(copies equivalent

to 1 ml blood)

Whole bloodb 1 ml 3.8 3 105

Plasma 0.52 ml 3.4 3 104

PBMCc

Monocytes (CD141) 2.2 3 105 4.8 3 103

B lymphocytes (CD191) 1.7 3 105 9.6 3 101

T lymphocytes (CD31) 1.7 3 106 1.1 3 102

NK cells (CD32/CD561) 1.2 3 106 8.1 3 103

PMNL
Neutrophils (CD151)d 4.0 3 106 1.7 3 105

a Abbreviations used: PBMC, peripheral blood mononuclear cells;
b Hematocrit and white blood cell count were 48.5% and 7.3 3 106/m

106/ml in subject 3.
c PMBC and PMNL were counted on microscopic observation of

estimated based on the cell ratio determined by FACS analysis.
d Among PMNL (granulocytes) that had CD15 as a cell surface m
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prompted us to compare the TTV load in whole blood
and paired plasma samples. In the present study, as
expected, we found clear evidence that the TTV load in
whole blood is significantly higher than that in the
corresponding plasma aliquot (P 5 0.0012). Then, to
answer the questions as to why the TTV load is signif-
icantly higher in whole blood than in the paired
plasma, and what component(s) in peripheral blood
contributes to increasing the relative TTV titer in
whole blood, we performed quantitation of TTV in frac-
tionated leukocyte subpopulations. As a result, we
found that TTV is distributed in various types of pe-
ripheral blood cells at distinct viral levels, with the
highest load in granulocytes, which is contrary to the
first report (24) that described the distribution of TTV
in various peripheral blood cell types, with no prefer-
ential association of TTV to these cell types. The pre-
cise reason for this discrepancy is not known. However,
it should be noted that the cell purity differs consider-
ably in the two studies: it was .95% in the present
study and .85% in the earlier study (24). It is possible
that contamination of cells with high TTV load into
each fraction, even a trace amount, led to their results
of no apparent preference for any specific cell type.

In the present study, the highest TTV load was found
in granulocytes or neutrophils among the various pe-
ripheral blood cell types. The clinical significance and
virological implication of the preferential association of
TTV with neutrophils remain unknown. Neutrophils
are involved in the body’s main defense against inva-
sion by bacteria and fungi (27). After a variable time-
period of storage in the bone marrow as stab neutro-

nd Fractionated Peripheral Blood Cells
from 1 ml of Whole Blood

Subject 2 Subject 3

ume/cell
count

TTV viral load
(copies equivalent

to 1 ml blood)
Volume/cell

count

TTV viral load
(copies equivalent

to 1 ml blood)

1 ml 1.5 3 106 1 ml 2.2 3 106

.52 ml 1.2 3 105 0.53 ml 1.6 3 105

0 3 105 2.9 3 103 2.2 3 105 3.6 3 103

8 3 105 4.2 3 102 2.4 3 105 6.5 3 102

7 3 106 5.2 3 102 1.9 3 106 1.6 3 103

4 3 105 1.8 3 103 7.4 3 105 4.8 3 103

5 3 106 1.1 3 106 4.9 3 106 6.3 3 105

NL, polymorphonuclear leukocytes.
subject 1, 48.0% and 6.0 3 106/ml in subject 2, and 47.0% and 8.0 3

lood smear, and the cell count of each PBMC subpopulation was

er, only neutrophils were observed on microscopic observation.
a a
d
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phils or segmented neutrophils, the neutrophils are
known to be released into the peripheral blood where
they circulate for about 6 hr in dynamic equilibrium
with a marginal pool of cells that are loosely adherent
to the vascular endothelium (27). TTV was distributed
abundantly in peripheral blood cells; the TTV viral
load decreased in the order of neutrophils, monocytes,
NK cells, B-lymphocytes and T-lymphocytes. The asso-
ciation of TTV with neutrophils and monocytes, the cell
types with the first and second highest TTV viral loads,
may be explained by the phagocytic role these cells
play in peripheral immunosurveillance. In our previ-
ous studies, double-stranded TTV DNA of replicative
intermediate form and TTV mRNAs were detected in
bone marrow cells, but not in PBMC (9, 28). However,
TTV mRNAs were detected in the neutrophils from the
three studied subjects (Takahashi and Okamoto, un-
published observation), suggesting that TTV is tran-
scribed and TTV-specific proteins may be expressed in
these cells. It has been suggested that TTV can repli-
cate under altered physiological conditions; for exam-
ple, TTV replication occurred in PBMC upon cellular
activation with phytohemagglutinin in vitro (24). How-
ever, among the various peripheral blood cell types,
neutrophils may preferentially support the replication
of TTV. Although the studies seeking evidence of viral
replication in the peripheral lymphocytes of HCV-
infected patients have yielded conflicting results, the
presence of antigenomic HCV RNA as the replicative
intermediate form in neutrophils has recently been
reported (29). Epstein–Barr virus (EBV) infects neu-
trophils, modulates protein expression, and is associ-
ated with immunosuppressive effects (30). These data
warrant further studies on the possible role of TTV in
peripheral blood cells involved in the host’s immuno-
surveillance.

It has been reported that TTV replicates in multiple
tissues in infected hosts, and this could contribute to
the viremia level and heterogenous population of TTV
in the circulation among infected individuals (10). In
the present study, we found that neutrophils contrib-
ute to the viral load in the circulation to a much higher
degree than PBMC, which have also been considered to
act as a reservoir of TTV infection (19–24). TTV DNA
has been detected in a variety of clinical specimens
other than peripheral blood obtained from infected in-
dividuals, such as the bile, feces, saliva, throat swabs,
breast milk, semen, and cerebrospinal fluid (31–37),
some of which may have been contaminated with pe-
ripheral blood cells including neutrophils and mono-
cyte. Neutrophils infiltrate infected tissues, and mono-
cytes migrate from the bloodstream into tissues by
converting to macrophages. Therefore, careful atten-
tion is required to evaluate the tissue/organ tropism of
TTV. For this purpose, the presence of double-stranded
TTV DNA and TTV mRNAs should be examined in
every tissue specimen in future studies. In addition,
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extended studies are required to elucidate the exact
location of TTV by in situ hybridization as was per-
formed for the study of TTV in the liver (38) and de-
tection of virus-encoded proteins in various tissues
testing positive for TTV DNA must be performed. Sev-
eral reports have indicated the heterogeneity of the
TTV population in the circulation and tissues of in-
fected subjects (10, 19, 39, 40). Although the underly-
ing basis for the finding that multiple and distinct viral
genotypes are present in various tissues of the same
individual, remains unknown, genotypic analysis may
be helpful in evaluating the tissue-dependent distribu-
tion of TTV, as was performed in our previous report
(10).

In conclusion, our data demonstrate the frequent
distribution of TTV in various peripheral blood cell
types of infected humans at distinct levels, with the
highest viral load in neutrophils, and that a significant
proportion of the TTV DNA in peripheral blood is not
identified by the standard plasma/serum DNA detec-
tion methods, although the clinical implication of de-
tection and quantitation of TTV DNA in whole blood
must be clarified in future studies. Further investiga-
tions are needed to fully understand the exact proper-
ties and pathogenic role of this newly recognized, ubiq-
uitous human virus that is distributed not only in the
plasma/serum but also in peripheral blood cells and
various tissues of the infected body.
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