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An apparently transient infection by a superimposed torquetenovirus (TTV) in a subject who already carried
three different genotypes of the virus is described. The superinfection induced a rapid increase in the plasma
TTV load and a decline in immunocomplexed virus. The superinfecting TTV was a novel group 2 genotype.

Anelloviruses are a vast group of unenveloped viruses
with a small negative-sense single-stranded circular DNA
genome. Due to the lack of tissue culture and serological
methods, diagnosis relies exclusively on viral DNA detec-
tion. Genome sequencing has shown that anelloviruses are

widely diverse. Indeed, based on their heterogeneity, anello-
viruses are currently classified into two, possibly three spe-
cies, each subdivided into numerous genotypes. Thus, tor-
quetenovirus (TTV), the first anellovirus species identified
(11), is currently subdivided into approximately 40 geno-
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TABLE 1. PCR primers used in this study

Primer Sequence (5�–3�) Position
(nt)a

PCR product
length (bp)

ViPi04 amplification b

PCR 1
CLONS AGTTTTCCACGCCCGTCCGC 114–133
P1AS ACGCACTCCTCGCTTACGCTCG 3075–3095
UNIVSc TCAAGGGGCAATTCGGGCT 205–223
P3ASc CTTACGCTCGGAGTGCTTAGTG 3063–3083 2,879

PCR 2
MONS1 TATCACCTACACGCCCCCATTATCCA 2781–2806
MONAS2 TCGCCTCCATCTCCATCGCCAC 647–668
MONS3c GACTGGAAAGAGGAACAGGATG 2870–2891
MONAS4c TTGGGAGCGGGCAGAGCGGG 550–569 1,474

ViPi04 sequencing
MONSEQ1 CTGGAGATGGTGGTGGAGACGC 617–638
MONSEQ2 GCTTTCTTCTTCTGAGGTTTGCC 2626–2648
MONSEQ3 AAAGACACTCAAATAACAAG 1149–1168
MONSEQ4 AAATCTAAAGACTATGGGT 2174–2192
MONS5 CGTCACGGCAGCCATTTTA 3407–3425
MONAS6 TACAGCCCAGGAAATGAATC 54–73

Group 2 specific d

G2new1 TAGACGCCCCAGAGTAAGGAGA 719–740
G2new2 AGTTTTGTTGGTGAAATATGC 2206–2226
G2tth2 GTGAAATAGGCAGATGTACCA 2196–2216
G2new3 CCTGCGGTTTCCGTTCTG 1361–1378 866 e

a Nucleotide (nt) positions are according to isolate ViPi04.
b Overlapping PCR fragments encompassing the entire sequence of isolate ViPi04 were obtained by two distinct PCR reactions.
c Primers also used for sequencing isolate ViPi04.
d Genogroup 2-specific PCR was performed by using G2new1, G2new2, and G2tth2 in the first step and G2new3, G2new2, and G2tth2 in the second step, respectively.
e Size of PCR products ranging from 856 to 866 bp depending on the binding of G2tth2 or G2new2 to the target sequence, respectively.
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types, which cluster in five clearly distinct phylogenetic
groups that are designated 1 to 5 (2, 7, 11–13).

One major feature of anelloviruses is their ability to produce
chronic viremia. In fact, �80% of people harbor variably high
viral loads (VL) of TTV in plasma, regardless of geographic
origin, age, and health conditions, and quite often such VL
consist of several genetic forms of the virus (1). The present
study is the first, to our knowledge, to show that a sudden
transient increase of plasma VL can be sustained by an appar-
ently short-lived superinfection by a TTV different from the
ones already present in the host.

Starting observation. During studies of the consequences of
routine immunizations on TTV viremia using a universal quan-
titative real-time PCR (9), one study subject (MON) mani-
fested a 3.75-log increase in plasma VL, along with the devel-
opment of mild flu-like symptoms at 30 days after hepatitis B
vaccination. The increase was followed by a rapid decline that
brought VL first to a brief dip and then back to prevaccination
levels (ca. 5.5 � 106 DNA copies per ml). Subsequently, de-
spite immunization with a second vaccine, the VL remained
stable over the remaining observation period (Fig. 1). Because
the transient increase of TTV replication observed in MON

was much greater than that seen in the rest of the vaccinated
study group (0.4 � 0.1 log10, mean � the standard deviation),
we considered it worthy of further investigation.

In-depth analysis of plasma viremia in the study subject.
The TTV(s) carried by MON was further investigated by am-
plifying plasma with five distinct PCRs, each specific for one of
the TTV groups, and then typed by sequencing the resulting
amplicons exactly as described previously (10). At the start of
the study, MON was found to be infected with three distinct
TTVs that belonged to genotype 6 of group 1 (80% nucleotide
identity), genotype 27 of group 3 (79% identity), and genotype
21 of group 4 (97% identity). Importantly, this TTV profile was
consistent throughout the observation period, except for the
occasional finding of undetectable levels of one or another
genotype and for a 2.5-month eclipse of genotype 27 around
the time of the VL peak (Fig. 1), changes that were most likely
due to fluctuations in the respective VL. Furthermore, in qua-
druplicate analyses of 10-fold dilutions of the plasma samplings
obtained just before and at VL peak using group 1- and 4-spe-
cific PCRs (a similar analysis of group 3 TTV could not be
performed due to the previously described undetectability of
this genogroup in such specimens) showed that the preexisting

FIG. 1. Dynamics of TTV in the plasma and PBMC of the study subject. The arrowheads under the time scale indicate administration of HBV (day 0)
and influenza vaccines (day 240). In parentheses, the percent TTV immunocomplexed is shown. At the top, the results of the group-specific PCRs,
performed on selected samplings, are shown. The group 2-specific PCR reported was the one with expanded breadth modified to amplify ViPi04, as well
as the other genotypes in the group. The results with the group 5-specific PCR are not shown because no sample reacted positively throughout the
observation period. The inset shows semiquantitative data obtained by examining plasma collected at the times indicated with group-specific PCRs.
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TTVs had increased only by approximately 1 log (genotype 6)
or not at all (genotype 21), thus failing to explain the large VL
increase observed. Selected plasma samples were also exam-
ined for immunocomplexed TTV by immunoprecipitation (8).
Briefly, plasma was mixed with 4 volumes of a 1:10 dilution of
rabbit anti-human immunoglobulin G (Dade Behring, Mar-
burg, Germany), incubated at 4°C overnight, and centrifuged
at 14,000 � g for 10 min. The precipitate, washed once and
resuspended in 140 �l of sterile saline, and the supernatant
were then stored at �80°C until tested for TTV content. The
proportion of TTV immunocomplexed was 8 to 10% at base-
line, decreased dramatically in the VL peak and immediately
subsequent samplings, and then stabilized at 4 to 5% (Fig. 1).

Identification of a novel group 2 TTV genotype. Collectively,
the findings presented above suggested that the cause of the
plasma VL burst observed in MON was superinfection by a
TTV amplified by universal PCR but not by group-specific
PCRs. To verify this possibility, we sequenced the TTV dom-

inant in plasma at peak VL (day 30) using various sets of
primers designed to this purpose (Table 1). This led us to
identify a novel TTV genotype, designated ViPi04, which seg-
regated within group 2 but diverged 35 to 39% from the other
viruses in this group, thus representing the first member of a
distinct group 2 genotype (Fig. 2). We used the ViPi04 se-
quence to design new primers for the group 2-specific PCR
(Table 1), so that it detected ViPi04 as effectively as the others
in the group and yet had a specificity and sensitivity similar to
the original assay (4,000 DNA copies per ml of plasma), and
then retested MON plasma samples with this improved assay.
The only positive plasma sample was the one at peak VL,
indicating that ViPi04 had persisted briefly in plasma (Fig. 1).
However, semiquantitative analyses showed that, at this time,
ViPi04 was by far the dominant genotype, exceeding genotypes
6 and 21 by at least 1 and 2 logs (Fig. 1, inset), respectively, and
that it mostly circulated as free virus, being much less immu-
nocomplexed than the other TTVs (data not shown).

FIG. 2. Phylogenetic analysis of TTV ViPi04 based on full-length or near-full-length sequences. The branching pattern of the trees was obtained by
the FastME algorithm included in DAMBE program (version 4.2.13). Bootstrap resampling was used to test the robustness of the tree, and bootstrap
values of �900 out of 1,000 replicates are shown at the branch points. The tree was drawn by using Treeview (version 1.6.6). ViPi04 (indicated
in boldface; accession number DQ361268) is 3,774 nucleotides in size and has a genetic organization (i.e., UTR length, presence of conserved
motifs, number and presumed transcriptional profile of open reading frames) similar to what reported for other group 2 TTV isolates (5). The
numbers in boldface around the tree indicate TTV genogroups according to Biagini et al. (2). The scale bar represents a 10% genetic difference.
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Analysis of PBMC. Since frozen peripheral blood mononu-
clear cells (PBMC) were available for most MON samplings,
we examined how plasma viremia changes had impacted the
TTV contents of these cells. As shown by Fig. 1, the PBMC VL
fluctuated very moderately throughout the observation period.
Moreover, TTVs detected mirrored only partly those in plasma:
in particular, the undetectability of genotype 27 around the
time of peak VL lasted less than in plasma, and ViPi04 was
detected not only at day 30 but also at days 45 and 60.

Prevalence of group 2 TTV in the population with the up-
graded PCR. The redesigned group 2-specific PCR was used to
examine stored plasma from 48 adults, among healthy individ-
uals and patients with various diseases, and 11 pairs of nasal
swabs and plasma from children with acute respiratory disease,
all known to be TTV positive. The only one proving to be
group 2 positive was one nasal swab, and this, on sequencing,
yielded a TTV clearly distinct from ViPi04 and 98% identical
to the previously described PM virus isolate (5).

Conclusions. This report describes an apparently self-lim-
ited infection by a superimposed TTV genotype in an individ-
ual who already carried three different genetic forms of the
virus. The superinfection showed up as a rapid increase in
plasma VL, and the superinfecting virus was recognized as a
novel group 2 TTV genotype, designated ViPi04. Studies (3–5,
10) have shown that group 2 TTV is much less common than
other TTV groups (e.g., 35-fold relative to group 3 in reference
10). Testing clinical specimens with group 2-specific PCR
primers redesigned to detect the new, as well as the other,
genotypes in the group showed that ViPi04 is as uncommon as
other group 2 TTV genotypes. The reasons for the widely
uneven prevalence rates for the five TTV groups are unknown,
but a clear possibility is that, at least in part, they reflect
differences in the ability to persist. Thus, it may not be a
coincidence that ViPi04 was detected in the study subject
plasma only very briefly. PBMC, the only other specimen of the
subject available, tested ViPi04 positive for only 15 additional
days, possibly indicating complete eradication of the superin-
fecting genotype. The circumstance that the subject was al-
ready carrying three different genotypes and—as revealed by
the substantial aliquot of the preexisting VL that was immu-

nocomplexed—possessed antibodies to these viruses may have
helped clearing the superimposed virus. That preformed anti-
bodies may be more effective at controlling fresh than estab-
lished infection is well known (6). The serological relationships
between TTV groups are still completely unexplored.
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