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Abstract

Torque teno virus (TTV) is a circular, single-stranded DNA virus that
chronically infects healthy individuals of all ages worldwide. TTV has
an extreme genetic heterogeneity which is reflected in its current
classification into five main phylogenetic groups (1-5). Using specific
PCR assays, it has been shown that many individuals are co-infected
with TTV isolates belonging to different phylogenetic groups. Here, a
multiplex PCR assay was developed, using five recombinant plas-
mids. Each plasmid carried an insert of different size issued from a
TTV isolate belonging to a different group. The assay was able to
simultaneously amplify DNAs of TTV isolates belonging to all five
phylogenetic groups. Multiplex PCR was then tested satisfactorily on
DNAs extracted from 55 serum samples (47 health care workers and
8 AIDS patients). All individuals but nine were infected with at least
one TTV isolate. Co-infection with multiple isolates was found in 29/
47 (62%) health care workers and in 8/8 (100%) AIDS patients. A
number of discrepancies were observed when results obtained with
three thermostable DNA polymerases were compared. For example,
four TTV phylogenetic groups were detected in a particular serum
sample by using one of the three DNA polymerases, whereas the other
two enzymes were able to detect only three TTV groups. However,
none of the three enzymes used could be broadly considered to be
more efficient than the others. Despite its limitations, the assay
described here constitutes a suitable tool to visualize the degree of co-
infection of a given population, avoiding time-consuming experi-
ments.
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Torque teno virus (TTV) was discovered
in 1997 in the blood of a Japanese patient
with post-transfusional hepatitis of unknown
etiology (1). TTV is a small, non-enveloped
virus with a single-stranded, circular DNA

genome of negative polarity, 3.4-3.9 kb in
length (2). TTV has been classified recently,
together with the related Torque teno mini-
virus, into a new floating genus called
Anellovirus (3). Despite its DNA nature, the
TTV genome shows a remarkably high de-
gree of variability. More than 30 genotypes
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have been ordered recently into five major
phylogenetic groups (4). TTV is a ubiqui-
tous virus, infecting more than 80% of the
general population throughout the world (5-
9). Co-infection of single individuals with
TTV isolates belonging to one or several
phylogenetic groups occurs frequently (4,10-
13). Although TTV has been suggested to be
a causative agent of several diseases such as
hepatitis (1), gastritis (14), and acute respi-
ratory diseases (15,16), until now this has
not been demonstrated. As for human ade-
noviruses and papillomaviruses, porcine
circoviruses, and other viruses, a possibility
still exists that a specific TTV phylogenetic
group (or genotype) is especially involved in
the pathogenesis of a particular disease. It is
therefore important to develop a method for
the identification of the different TTV phy-
logenetic groups infecting a single individual.

In a recent study, we analyzed the distri-
bution of TTV genomic groups 1-5 among
healthy individuals as well as in hepatitis B
virus carriers and human immunodeficiency
virus type l-infected patients (17). This was
done by using 5 different PCR assays able to
specifically amplify the TTV DNAs of each
phylogenetic group. Here, a single-tube
multiplex PCR assay is described to detect
and simultaneously identify human TTV
belonging to the 5 main phylogenetic groups.
The effectiveness of the method was tested

Genogroup 3, 884 bp
‘_

ToG3A Genogroup 2, 678 bp
Genogroup 5, 485 bp
Genogroup 1, 393 bp
Genogroup 4, 111 bp

Figure 1. Localization of the oligonucleotides used for multiplex PCR on the Torque teno
virus (TTV) genome and size of the products generated. ‘nt 203’ refers to the position of the
5’ end of the ‘universal’ sense primer T2S (numbering according to TTV prototype TA278,
Genbank accession number AB017610).
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on serum samples collected from Brazilian
health care workers and AIDS patients.

Material and Methods

Plasmids

Five recombinant plasmids were used in
this study. Each of them carried an insert of
different size obtained from a TTV isolate
belonging to a different phylogenetic group
(1-5). These recombinant plasmids were
obtained after cloning of PCR products shar-
ing a common 20-bp segment at the 5' end
(corresponding to the sense primer used for
PCR). TTV sequences carried by the plas-
mids have been characterized in a previous
study (17) and are available from GenBank
under the following accession numbers:
AY312145, phylogenetic group 1, 393 bp;
AY312150, group 2, 678 bp; AY312152,
group 3, 884 bp; AY312154, group 4, 111
bp; AY312158, group 5, 485 bp. Figure 1
shows the location of the insert DNAs in the
TTV genome.

Serum samples and extraction of viral DNA

Forty-seven serum samples collected for
a previous investigation (18) from health
care workers living in Rio de Janeiro, RJ,
Brazil, were employed in the present study.
In addition, serum samples from eight AIDS
patients were used. All eight were men who
had sex with men. All samples were kept
frozen until DNA extraction.

Viral DNA was extracted with phenol/
chloroform after treatment of 250 pl serum
with 0.5 mg/ml proteinase K in the presence of
0.2 M NaCl, 0.25% SDS, for 4 h at 37°C. After
precipitation with ethanol, the pellet was dried
and resuspended in 30 pl distilled water. One
microliter DNA was used in the PCR assays.

PCR assays

The PCR primers (T1S and T2S, sense;
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T1A, T2G1A, T2G2A, T2G3A, T2G4A and
T2G5A, antisense) used in this study have
been described previously (17).

1) PCR assays done with a single plasmid
as the target DNA were performed with one
unit of Tag DNA polymerase (Invitrogen,
Carlsbad, CA, USA) in a final volume of 50
pl. After an initial denaturation for 3 min at
94°C, amplification occurred for 30 cycles at
94°C for 30 s, 59°C for 30 s, 72°C for 1 min
15 s, followed by a final elongation at 72°C
for 7 min. A PCR sensitivity of 2,000-10,000
copies was calculated for these assays.

ii) PCR assays done with a mixture of
five plasmids and different combinations of
primer pairs were performed with the HotStar
Tag DNA polymerase, included in the first
commercially available kit especially de-
signed for multiplex PCR (Multiplex PCR
kit, QTAGEN, Hilden, Germany). This was
done under the same conditions as above,
except for small modifications according to
manufacturer recommendations. Thus, ini-
tial DNA denaturation was at 95°C for 15
min, and annealing and elongation steps were
extended to 1 min and 30 s. No significant
loss of sensitivity was observed for multi-
plex PCR when compared to uniplex PCR.

iii) Viral DNAs extracted from serum
samples were submitted to a first round of
PCR using the ‘universal’ oligonucleotide
primers T1S and T1A, that amplified a large
DNA fragment covering approximately 80%
of the TTV genome (17). One microliter of
reaction product was used for nested multi-
plex PCR experiments, which were per-
formed in the presence of six oligonucle-
otides in a single tube. One of the primers
(T2S) was a ‘universal’ sense primer, while
the other five (T2G1A to T2G5A) were anti-
sense primers, each of which specific for a
particular TTV phylogenetic group. PCR
conditions were identical to those employed
with the mixture of plasmids mentioned
above. Since nested assays were performed,
it is likely that the PCR sensitivity was in-
creased. All samples were tested in multi-

plex PCR using three different enzymes, i.e.,
the conventional Tag DNA polymerase
(Invitrogen) and two enzymes recommended
by their respective manufacturers for the use
in multiplex PCR, namely AccuPrime Taq
DNA polymerase (Invitrogen) and HotStar
Tag DNA polymerase, the latter included in
the Multiplex PCR kit (QIAGEN).

Results

In an attempt to develop a multiplex PCR
assay, a first series of experiments was per-
formed with plasmids which were submitted
to amplification in the presence of six oligo-
nucleotide primers in a single tube. One of
the primers (T2S) was a ‘universal’ sense
primer, while the other five (T2GIA to
T2G5A) were antisense primers, each of
which specific for a particular TTV phylo-
genetic group (1 to 5). This experiment was
repeated five times, with a plasmid carrying
a genome segment of a TTV isolate belong-
ing to a different group each time. The re-
sults are shown in Figure 2. After agarose
gel electrophoresis, DNA bands of expected
sizes (393, 678, 884, 111, and 485 bp for
groups 1 to 5, respectively) were obtained.
Additional, non-specific bands of unexpected
sizes were also observed, although most of
them were barely visible.

Further experiments were performed us-
ing as DNA template a mixture of five plas-
mids, each carrying TTV sequences from a
different phylogenetic group. This mixture

M 4 1 5 2 3

2000 bp -
1200 bp =
800 bp =

400 bp =

200 bp =
100 bp -
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Figure 2. Agarose gel (2%) elec-
trophoresis of PCR products.
Each PCR assay was performed
with a different plasmid and six
oligonucleotide primers (one
sense and five antisense). M:
molecular weight markers. Num-
bers 1-5 at the top represent the
phylogenetic groups of the
Torque teno virus sequences
carried by the corresponding
template recombinant plasmids.
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Figure 3. Agarose gel (2%) electrophoresis of multiplex
PCR products. Each PCR assay was performed with
five different plasmids (phylogenetic groups 1-5) to-
gether with one sense and one (A), two (B), three (C),
four (D), or five (E) antisense oligonucleotide primers.
M: Molecular weight markers. Numbers at the top of
each gel indicate the Torque teno virus groups from
which the pair(s) of primers added to the corresponding
assays were designed.

was submitted to PCR amplification using
the ‘universal’ sense primer T2S associated
with group-specific, antisense primers in all
possible combinations. This was done to
evaluate the specificity of each primer pair
in a context where TTV sequences from all
groups were present. Figure 3 shows the
results obtained with one (A), two (B), three
(C), four (D), and five (E) antisense primers
present in a single tube. In general, suitable
results were obtained: the number of DNA
bands and their positions on the gels were as
expected. In the few cases where DNA bands
of unexpected sizes were observed, their
intensity was lower than that of the bands
corresponding to the desired fragments.
There was only one exception to this rule:
two adjacent DNA bands of similar inten-
sity, about 500 bp in length, were seen in six
PCR assays in which the group 5-specific
antisense primer was present (Figure 3B,
lanes 4,5, 1,5, and 3,5; Figure 3C, lanes
14,5, 3.4,5 and 1,3,5). No satisfactory ex-
planation was found for this double band.
Multiplex PCR was then tested on DNAs
extracted from 55 serum samples (collected
from 47 health care workers and 8 AIDS
patients). Each sample was tested with the
conventional 7ag DNA polymerase as well
as with two thermostable DNA polymerases
recommended for use in multiplex PCR,
namely AccuPrime Tag DNA polymerase
and HotStar Tag DNA polymerase. Table 1
shows the TTV phylogenetic groups detected
in each sample. Thirty-eight of 47 (81%)
health care workers and 8/8 (100%) AIDS
patients were TTV infected. Co-infection
with several TTV isolates belonging to dif-
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Table 1. Detection of Torque teno virus genomic groups 1 to 5 by multiplex PCR in sera of health care workers

and AIDS patients.

Subject Sex Age Taqg DNA AccuPrime Taq HotStar Taqg Discrepancy
polymerase DNA polymerase DNA polymerase

Health care

workers
0040 M 69 . . 45 . 3 5 8 . 45 .
0042 F 41 1.34. 1 . 1.3 .. o
0304 M 61 345 g 345 (]
0516 M 59 g g g
0538 F 69 g o o g g
0568 M 28 345 g o o o (]
0591 M 21 34 . 5 . 45 .
0659 M 50 . .o . 3 5 345 .
0690 M 41 1 3 4 1.3 34 .
0705 M 49 . . .
0708 M 25 3 3 3
0709 M 45 . . 3 . 3 . .
0728 M 37 3 5 3 5 3 5
0748 M 54 o g o g o g
0779 F 23 1.3 1.3 1.3
0788 F 59 1 g 1 g 1 g
0792 M 58] 1 g 5 1 g o 1 g o
0799 M 65 1 g . 5 1 g 5 1 ISEEE
0801 F 61 1 . 45 1 0 5 1 . 45
0802 M 62 3 5 3 5 3 5
0814 F 67 . 3 3 . . .
0941 F 41 1 3 1.3 1 3
0981 F 63
0985 F 47 . .
1002 F 49 .. 3 3. .
1007 M 67 o 34 . o g o o 34 .
1011 F 57 1 345 1 g 5 1 ISEEE (]
1014 F 45 34 . 3 . 34 .
1015 M 38 o o & 0 5 c o 8
1016 M 56 o 34 o g o 34
1017 F 39 1 . 1 3 1 3 .
1025 F 21 . 3 . 3 . 3
1031 F 65 1 3 . 1 3 . 1 3 .
1035 F 31 . 5 3 5 3 5 .
1038 M 43 3 5 3 5 3 5
1041 M 27 . . ..
1043 F 58] o 3 5 4 5
1044 M 31 45 5 5
1047 F 27
1057 M 35 o 0 5 0 o o o o
1059 F 51 1 g 5 1 g 5 1 g 5
1060 F 38 0 5 0 o o o
1065 M 47 3 5 3 5 3 5
1066 M 29
1069 F 55) . . . .
1075 F 43 1 . 1.3 1 3 .
1077 F 37 1 3 1.3 1 3

AIDS patients
1 M 32 1 g i . 3 5 1 g 5 (]
2 M 27 1 d o o i . 3 5 1 g 5 (]
g M 38 . . 45 o o 5 o 5 (]
4 M 35 25! 5 2 8 o g o (]
5! M 31 g . 5 g 5 g . 5
6 M 34 o 345 o g 5 o 345 (]
7 M 29 1.3.5 1. . 5 1.3.5 .
8 M 35 12345 123 5 12345 .

Filled circles on the right indicate a discrepancy between at least two systems of multiplex PCR. M = male;

F = female.
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ferent groups was observed in 29/47 (62%)
health care workers and 8/8 (100%) AIDS
patients. A number of discrepancies were
observed between the experiments performed
with the three enzymes, with at least one
divergence in 23/55 (42%) samples. How-
ever, no system could be considered as more
efficient than the others. This was because
the total number of TTV groups detected
with each enzyme, as summarized in Table
2, was almost identical (89, 89, and 90 for
the conventional, AccuPrime, and HotStar
Tag DNA polymerases, respectively). Nev-
ertheless, as exemplified in Figure 4, the
apparent DNA amounts obtained in PCR
assays performed with the HotStar Tag DNA
polymerase were generally higher than those
obtained with the conventional Tag DNA

Table 2. Number of Torque teno virus phylogenetic groups detected with three
different thermostable DNA polymerases in multiplex PCR (55 samples analyzed).

Phylogenetic Taq DNA AccuPrime Taq HotStar Taq
group polymerase DNA polymerase DNA polymerase
1 18 18 17

2 2 2 1

3 34 38 37

4 15 9 12

b} 20 22 23

Total 89 89 90

1007 1017 1059
M T A H T A H T A H

1.0 kb -

600 bp -
400 bp -

200 bp -

100 bp -

Figure 4. Typical experiment showing an agarose gel (2%) electrophoresis of pentaplex
PCR products derived from three serum samples (1007, 1017, and 1059). Amplification was
performed with the conventional Tag DNA polymerase (T), AccuPrime Tag DNA polymer-
ase (A) and HotStar Taq DNA polymerase (H). Numbers on the right side of the gel indicate
Torque teno virus phylogenetic groups. M = molecular weight markers.
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polymerase and with the AccuPrime Tagq
DNA polymerase. In addition, the conven-
tional Taqg DNA polymerase generated more
DNA bands of unexpected size than did the
other two enzymes.

Discussion

Concomitantly with the progressive char-
acterization of Anellovirus genus members,
the improvement of TTV PCR assays, which
were initially unable to detect a wide range
of genotypes, has led to increasing measure-
ments of TTV prevalence in various popula-
tions (6,19,20). Much progress in TTV de-
tection has been done since then, with the
use of primers located in a short, highly
conserved genomic region (15,21,22).

In the present study, we used plasmids
carrying different TTV sequences to develop
a multiplex PCR assay able to amplify in a
single tube DNAs of TTV isolates belonging
to all five phylogenetic groups. Multiplex
PCR was then tested on DNAs extracted
from 55 serum samples (47 health care work-
ers and 8 AIDS patients). The system al-
lowed us to detect numerous co-infections
of single individuals with several TTV iso-
lates. More precisely, 29/47 (62%) health
care workers and 8/8 (100%) AIDS patients
were found to be co-infected with TTV iso-
lates belonging to different groups. The av-
erage number of TTV groups was higher
among AIDS patients (2.54) than among
health care workers (1.43). This is in accor-
dance with previous observations based on
uniplex PCR assays showing that immuno-
suppressed patients are more likely to be co-
infected with several TTV isolates than other
individuals (17,23).

Although the method was able to detect
and characterize TTV isolates belonging to
different phylogenetic groups in a single
assay, some deficiencies such as the pres-
ence in some cases of DNA bands of unex-
pected sizes were noted. The origin of these
bands (human, TTV or other) is unknown.
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Further cloning and nucleotide sequencing
should be used to study the presence of
hypothetical new TTV variants. Furthermore,
some discrepancies were noted between re-
sults obtained by using three different ther-
mostable DNA polymerases. Such discrep-
ancies, which occurred despite the fact that
no enzyme could be considered as more
efficient than the others, might be due to low
TTV loads in some serum samples or to low
viral loads of particular phylogenetic groups
in the sera of some individuals. Low amounts
of target DNA, close to the limit of detec-
tion, produce PCR results showing low re-
producibility. Among three thermostable
DNA polymerases tested, the HotStar Tag
DNA polymerase (QIAGEN) was the one
which generated, at the same time, the high-
est amounts of DNA and the lowest number
of non-specific bands in the multiplex PCR
assay. For this reason, HotStar Tag DNA
polymerase should be preferred to simulta-
neously detect TTV isolates belonging to
different groups.
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