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We recently identified a novel human virus classifiable into a third group in the genus Anellovirus, tentatively
designated torque teno midi virus (TTMDV), with a circular DNA genome of 3.2 kb and genomic organization
resembling those of torque teno virus (TTV) (3.8 to 3.9 kb) and torque teno mini virus (TTMV) (2.8 to 2.9 kb).
TTMDV was characterized by extreme genetic diversity similar to the TTV and TTMV genomes. Taking
advantage of universal and virus species-specific primers derived from a highly conserved area located just
downstream of the TATA box of the TTV, TTMDV, and TTMV genomes, a PCR method with simultaneous
amplification of the genomic DNAs of these three anelloviruses in the first round and subsequent differential
amplifications of these viruses in the second round was developed. High prevalence of TTMDV viremia was
seen in adults (75/100 [75%]), comparable with the prevalences of TTV viremia (100%) and TTMV viremia
(82%). Although none of 10 cord blood samples had detectable TTV, TTMDV, and TTMV DNAs, the preva-
lences of these three anelloviruses increased with the number of months after birth of the individual and
reached 100% for individuals at one year of age. Dual or triple infection of TTV, TTMDV, and/or TTMV was
seen in 10 (47.6%) of 21 infants 9 to 180 days of age and more frequently among infants 181 to 364 days of age
(20/23 [86.9%]), comparable with the 93.1% (243/261) prevalence among subjects 1 to 81 years of age,
indicating early acquisition of dual or triple anellovirus infection during infancy.

Torque teno virus (TTV) was first identified in the serum of
a patient with posttransfusion hepatitis of unknown etiology in
1997 (29) and was characterized as a small nonenveloped virus
with a circular, single-stranded DNA of 3.8 to 3.9 kb, the first
virus of this type known to infect humans (22, 24, 33, 38). In
2000, torque teno mini virus (TTMV) was accidentally discov-
ered in the serum of a blood donor by PCR using TTV-specific
primers that partially matched homologous sequences in
TTMV but generated a noticeably shorter amplicon than that
expected for TTV (48). Although TTV and TTMV have a
common presumed genomic organization with four open read-
ing frames (ORF1 to ORF4) and harbor a short region of 80 to
160 nucleotides (nt) with high GC content (approximately
90%) in the noncoding region, they exhibit high dissimilarity in
terms of genomic length (3.8 to 3.9 kb and 2.8 to 2.9 kb,
respectively) and genetic identity (4, 8, 13, 38, 45, 48, 49).
Recently, TTV and TTMV have been classified in a newly
designated floating genus, Anellovirus (8).

Based on the wide range of sequence divergence noted
among various TTV isolates, TTV has been classified as having
at least 39 genotypes, exhibiting �30% nucleotide differences
from one another, and five major phylogenetic groups (groups
1 to 5) showing �50% divergence (6, 8, 37, 41). Although the
entire nucleotide sequence has been determined for only 13
TTMV isolates, TTMV is also characterized by extreme ge-
netic diversity (4, 8, 48). This situation has led to considerable
problems in classification and the development of methods for
screening, genetic characterization, and genotype identifica-
tion. Therefore, the PCR method for sensitive and specific
detection of TTV or TTMV DNA has been repeatedly modi-
fied and optimized with the accumulation of genomic se-
quences (2, 4, 25, 34, 47). Improved PCR methods revealed
that over 90% of adults are infected with TTV and/or TTMV
(16, 25, 38, 42, 49). Frequent infection with multiple genotypes
of one or both of these viruses in children and adults has been
reported (6, 7, 11, 26, 38, 56). Early acquisition of TTV in
infancy has also been reported (20, 41).

Recently, in the process of searching for small anellovirus
(SAV) types 1 and 2 (SAV-1 and SAV-2) that were cloned
from plasma samples of individuals at high risk for human
immunodeficiency virus infection (17), we identified a novel
DNA virus classifiable into a third group in the genus Anello-
virus, with a circular DNA genome of 3.2 kb and with a
genomic organization resembling those of TTV and TTMV
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(27), and provisionally designated this new virus torque teno
midi virus (TTMDV), since its genomic length was intermedi-
ate between those of TTV and TTMV. Our findings indicated
that the originally published SAV-1 and SAV-2 sequences may
have been incomplete. Determination and comparative analy-
sis of the full-length genomic sequence of 18 TTMDV isolates
in our previous studies indicated the extremely wide range of
sequence divergence among TTMDV isolates (27, 28). How-
ever, when the TTMDV sequences were aligned with those of
TTV and TTMV over the entire genome so as to obtain max-
imal homology, a specific region of approximately 130 nt lo-
cated just downstream of a common internal promoter, i.e., the
TATA box (ATATAA), in each anellovirus that contains
highly conserved areas at both ends and TTV-, TTMDV-, or
TTMV-specific sequences in the central area, was recognized.
This finding encouraged us to develop a specific PCR method
for simultaneous amplification of the genomic DNAs of three
anelloviruses in the first-round PCR and subsequent differen-
tial amplifications of these viruses in the three second-round
PCRs. In the present study, the newly developed PCR method
was applied to investigate the prevalence of TTMDV DNA in
the general population, the possibility of early acquisition of
TTMDV during infancy similar to TTV acquisition, and the
prevalence of dual or triple anellovirus infection in children
and adults in Japan.

MATERIALS AND METHODS

Serum samples. Three serum samples obtained from healthy adults (subjects
D1 to D3) who had the genomic DNAs of all three anelloviruses detectable by
the untranslated region PCR method for TTV (52), the 3.2-kb long-distance
PCR method for TTMDV (28), and a previously reported TTMV-specific PCR
method (56) were used in the present study. In addition, serum samples that had
been collected between 2001 and 2003 from a total of 305 apparently healthy
Japanese subjects, including 100 adults (54.9 � 11.9 years of age [mean �
standard deviation]; 57 males and 43 females) and 205 children (6.1 � 5.7 years;
99 males and 106 females), including 44 infants of 9 to 364 days of age, were used
in the present study. Aliquots of the same serum samples obtained from the 100
adults had been used for detection of TTMDV DNA by the 3.2-kb long-distance

PCR method described in a previous study (28). Ten umbilical cord blood
samples were also used in the present study. The sera were stored at �80°C until
testing.

All of the serum samples were negative for hepatitis B virus (HBV) surface
antigen (by the commercial MyCell kit; Institute of Immunology Co. Ltd., Tokyo,
Japan), antibodies to hepatitis C virus (hepatitis C virus phytohemagglutinin kit;
Abbott Japan, Tokyo, Japan), and antibodies to human immunodeficiency virus
type 1 (SERODIA-HIV; Fujirebio, Tokyo, Japan). The study conforms to the
ethical guidelines and was approved by the ethics committees of the institutions.

Detection of TTV, TTMDV, and TTMV DNAs in serum. Nucleic acids were
extracted from 100 �l of serum using the High Pure viral nucleic acid kit (Roche
Molecular Biochemicals, Mannheim, Germany) and dissolved in 40 �l of nucle-
ase-free distilled water. A 20-�l aliquot of extracted nucleic acids, equivalent to
50 �l of the sample, was tested for the presence of TTV, TTMDV, and TTMV
DNAs by the PCR method described below. In the presence of Ex Taq poly-
merase (TaKaRa Bio Inc., Shiga, Japan) in a reaction volume of 50 �l, PCR for
the universal amplification of the genomic DNAs of the three anelloviruses TTV,
TTMDV, and TTMV was performed with the mixed primers NG779/NG780
(sense) and NG781/NG782 (antisense) for 35 cycles (94°C for 30 s with an
additional 2 min in the first cycle, 55°C for 30 s, and 72°C for 30 s, with an
additional 7 min in the last cycle) in the first round (Table 1). By use of a 2-�l
portion of each of the viral amplification products of the first round, the TTV,
TTMDV, and TTMV genomes were separately amplified by PCRs with semi-
nested or nested primers which were made to be specific for each anellovirus
species. In more detail, in the presence of Platinum Taq DNA polymerase
(Invitrogen, Carlsbad, CA), the second-round PCR was carried out with primers
NG779/NG780 (sense) and NG785 (antisense) for the detection of TTV DNA,
with NG795 (sense) and NG796 (antisense) for TTMDV DNA, and with NG792/
NG793/NG794 (sense) and NG791 (antisense) for TTMV DNA (Table 1), for 25
cycles (94°C for 30 s with an additional 2 min in the first cycle, 55°C for 30 s, and
72°C for 30 s, with an additional 7 min in the last cycle). The sizes of the
amplification products of TTV DNA were 112 to 117 bp, those of TTMDV DNA
were 88 bp and those of TTMV DNA were 70 to 72 bp. The amplification
products were electrophoresed on a 3.5% (wt/vol) NuSieve 3:1 agarose gel
(Cambrex, Rockland, ME), stained with ethidium bromide, and photographed
under UV light to detect a band specific for each anellovirus species.

For convenience, the newly developed PCR assays for detecting TTV DNA,
TTMDV DNA, and TTMV DNA in the second round, are designated Anello-
TTV PCR, Anello-TTMDV PCR, and Anello-TTMV PCR, respectively, in this
paper.

For comparison, previously reported PCR methods for detection of TTV
DNA (52) and TTMV DNA (6, 56) were also used.

Molecular cloning of partial TTV, TTMDV, and TTMV sequences. To assess
the reliability of the newly developed PCR assays for detecting TTV DNA,

TABLE 1. Positions and nucleotide sequences of oligonucleotide primers used for amplification of TTV, TTMDV, and TTMV

Primer PCR round Polarity Nucleotide position Nucleotide sequence (5� to 3�)a

Universal
NG779 First Sense 99–118b ACWKMCGAATGGCTGAGTTT
NG780 First Sense 99–118b RGTGRCGAATGGYWGAGTTT
NG781 First Antisense 208–227b CCCKWGCCCGARTTGCCCCT
NG782 First Antisense 208–227b AYCTWGCCCGAATTGCCCCT

TTV-specific
NG785 Second Antisense 192–212b CCCCTTGACTBCGGTGTGTAA

TTMDV-specific
NG795 Second Sense 78–97c SGABCGAGCGCAGCGAGGAG
NG796 Second Antisense 146–165c GCCCGARTTGCCCCTAGACC

TTMV-specific
NG792 Second Sense 195–214d TTTATGCYGCYAGACGRAGA
NG793 Second Sense 195–214d TTTAYCMYGCCAGACGGAGA
NG794 Second Sense 195–214d TTTATGCCGCCAGACGRAGG
NG791 Second Antisense 247–266d CTCACCTYSGGCWCCCGCCC

a W denotes A or T, K denotes G or T, M denotes A or C, R denotes A or G, Y denotes C or T, S denotes C or G, and B denotes C, G, or T.
b Nucleotides were numbered in accordance with the prototype TTV isolate of TA278 (AB017610).
c Nucleotides were numbered in accordance with the prototype TTMDV isolate of MD1-073 (AB290918).
d Nucleotides were numbered in accordance with the prototype TTMV isolate of CBD231 (AB026930).
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TTMDV DNA, and TTMV DNA, respectively, recombinant DNA clones con-
taining a DNA fragment of TTV, TTMDV, or TTMV were prepared. Briefly,
nucleic acids extracted from serum samples from three healthy subjects (D1 to
D3) who each tested positive for TTV, TTMDV, and TTMV DNAs were sub-
jected to PCR with the above-mentioned mixed primers NG779/NG780 and
NG781/NG782, and the amplicons of approximately 130 bp were ligated into pT7
Blue T-Vector (Novagen Inc., Madison, WI). Independent clones thus obtained
were purified by use of the NucleoSpin Plasmid kit (MACHEREY-NAGEL
GmbH & Co. KG, Düren, Germany) and subjected to the TTV-, TTMDV-, or
TTMV-specific PCR for 25 cycles as described above, followed by sequence
analysis.

Evaluation of sensitivities and specificities of the newly developed PCR assays.
The sensitivities of the newly developed PCR assays (Anello-TTV PCR, Anello-
TTMDV PCR, and Anello-TTMV PCR) were assessed by using as templates
serial dilutions of cloned DNAs (1.5, 5, 7.5, 15, and 150 copies per test) of each
anellovirus species (TTV [D3-03, D3-08, and D3-93 clones], TTMDV [D3-01,
D3-02, and D3-15 clones], and TTMV [D3-06, D3-07, and D3-57 clones]) iso-
lated from subject D3 (see Fig. S1C in the supplemental material), with or
without the coexistence of the other two anellovirus species (1.5 � 103 copies
each per test). The lower limit of detection was calculated using Probit analysis.

To assess the specificity of the new PCR assays developed in the present study,
per each test, 105 copies of each of the cloned DNAs from the nine represen-
tative TTV isolates classifiable into the five major groups (TA278, Pt-TTV6,
Kt-08F, TUS01, TJN01, JT03F, CT23F, JT33F, and CT39F), the 18 TTMDV
isolates (MD1-032, MD1-073, MD2-013, MDJHem2, MDJHem3-1, MDJHem3-2,
MDJHem5, MDJHem8-1, MDJHem8-2, MDJN1, MDJN2, MDJN14, MDJN47,
MDJN51, MDJN52, MDJN69, MDJN91, and MDJN97), and the two represen-
tative TTMV isolates (TGP96 and Pt-TTV8-II), for which entire nucleotide
sequences were determined in our previous studies (23, 27, 28, 35, 36, 41, 55),
were used as templates.

Sequence analysis of molecular clones. Molecular clones obtained in the
present study were sequenced using the BigDye Terminator version 3.1 cycle
sequencing kit (Applied Biosystems, Foster City, CA) on an ABI 3100 genetic
analyzer (Applied Biosystems). For comparison, nucleotide sequence data of 49
TTV isolates, 20 TTMDV isolates, including SAV-1 and SAV-2, and 13 TTMV
isolates (see Fig. 1 for accession numbers) were retrieved from the DDBJ/
GenBank/EMBL nucleotide databases. Sequence analysis was performed using
Genetyx version 8 (Genetyx Corp., Tokyo, Japan) and ODEN (version 1.1.1)
programs from the DNA Data Bank of Japan (National Institute of Genetics,
Mishima, Japan) (14). Sequence alignments were generated by CLUSTAL W
(version 1.8) (51), and the nucleotide sequence alignment was rearranged man-
ually so as to obtain maximal homology. Phylogenetic trees were constructed by
the neighbor-joining method (43). Bootstrap values were determined on 1,000
resamplings of the data sets (10). The final tree was obtained with the TreeView
program (version 1.6.6) (39).

Nucleotide sequence accession numbers. The sequences determined in the
present study have been deposited in the DDBJ/GenBank/EMBL nucleotide
databases under accession numbers AB355152 to AB355408.

RESULTS

Designing primers. The nucleotide sequences of TTV,
TTMDV, and TTMV isolates whose entire sequence is known
or for whom nearly the entire sequence is known (as of August
2007) were retrieved from the DDBJ/GenBank/EMBL data-
bases and aligned so as to obtain maximal homology. As illus-
trated in Fig. 1, a highly conserved genomic area located just
downstream of the TATA box, corresponding to nt 99 to 227 in
the prototype TTV isolate (TA278), nt 34 to 170 in the pro-
totype TTMDV isolate (MD1-073), and nt 178 to 303 in the
prototype TTMV isolate (CBD231), was noted. Universal
primers suitable for simultaneous amplification of TTV,
TTMDV, and TTMV DNAs in the first round, a mixture of
NG779 and NG780 as sense primers and another mixture of
NG781 and NG782 as antisense primers (Table 1), were de-
signed. For differential detection of TTV, TTMDV, and
TTMV DNAs, seminested or nested primers specific to each
anellovirus species were designed (Fig. 1). The amplification

products of TTV-specific PCR (Anello-TTV PCR) were 112 to
117 bp (primer sequences included) in size, those of TTMDV-
specific PCR (Anello-TTMDV PCR) were 88 bp long, and
those of the TTMV-specific PCR (Anello-TTMV PCR) were
70 to 72 bp long. Figure 2 depicts a phylogenetic tree con-
structed based on the 84- to 97-nt sequence, corresponding to
the first-round PCR products amplifiable by universal primers
(primer sequences at both ends excluded), of three human
anelloviruses, including 49 TTV isolates, 20 TTMDV isolates,
and 13 TTMV isolates (Fig. 1 indicates the accession num-
bers), indicating that these anellovirus isolates are phylogeneti-
cally classifiable as the respective virus even within this very
limited area of genomic sequence.

Reliability of the newly developed PCR assays for the detec-
tion of TTV, TTMDV, and TTMV DNAs. A total of 81 anello-
virus DNA clones amplified by the universal primers NG779/
NG780 and NG781/NG782 were isolated from subject D1, who
was known to be coinfected with TTV, TTMDV, and TTMV,
and were classified as 34 TTV clones, 43 TTMDV clones, and
4 TTMV clones by the newly developed differential PCR as-
says. The phylogenetic tree constructed based on the 86- to
97-nt sequence of the 81 clones (primer sequences at both ends
excluded) confirmed the distribution of TTV, TTMDV, and
TTMV in subject D1 (see Fig. S1A in the supplemental mate-
rial). Similarly, 91 DNA clones obtained from subject D2 were
grouped as TTV (n � 44), TTMDV (n � 31), and TTMV (n �
16), and 85 clones from subject D3 as TTV (n � 20), TTMDV
(n � 28), and TTMV (n � 37) by the differential PCR assays
developed in the present study. These results were consistent
with those obtained by phylogenetic analyses (see Fig. S1B and
C in the supplemental material).

Sensitivity of the newly developed PCR assays. Probit anal-
ysis determined that the 95% detection levels of TTV DNA by
the Anello-TTV PCR assay were 5.1 and 5.4 copies per test
with or without the presence of TTMDV and TTMV clones,
respectively. The sensitivity of Anello-TTMDV PCR and
Anello-TTMV PCR were almost equal (5.3 to 5.4 copies per
test) to that of the Anello-TTV PCR assay regardless of the
coexistence of the other two anellovirus species.

Specificity of the newly developed PCR assays. When cloned
DNAs from the 18 TTMDV isolates, whose full-length
genomic sequences are known (27, 28), were used as tem-
plates, no amplification signals were detectable by both the
newly developed TTV PCR (Anello-TTV PCR) assay and a
reported TTV PCR assay (52) and, although two reported
TTMV PCR assays (6, 56) yielded nonspecific bands of 121 bp
and 443 to 444 bp, respectively, due to misannealing of the
used primers to TTMDV DNA, no amplification products
were obtained by the Anello-TTMV PCR assay. When serum
samples from 100 adults 20 to 81 years of age were used as a
panel, TTV DNA was detectable in all 100 samples by the
Anello-TTV PCR assay, comparable with 99 samples (99%)
with detectable virus by the reported TTV PCR assay (52).
Specificity of the Anello-TTV PCR for the TTV DNA in one
sample that tested negative for TTV DNA by the previously
reported TTV PCR assay (52) was confirmed by sequence
analysis (data not shown).

When cloned DNAs from the nine representative TTV iso-
lates classifiable into five major groups were used as templates,
no amplification signals were detectable by both the Anello-
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TTMV PCR assay and the Anello-TTMDV PCR assay. In
addition, when cloned DNAs from the two representative
TTMV isolates were used as templates, no specific bands were
amplified by both the Anello-TTV PCR assay and the Anello-
TTMDV PCR assay.

Detection of TTV, TTMDV, and TTMV DNAs in serum
samples. TTMDV DNA was detected in serum samples from
75 (75%) of the 100 adults 20 to 81 years of age, including 35
adults who tested negative for TTMDV DNA by the 3.2-kb
long-distance PCR method (28), indicating the higher sensitiv-

FIG. 1. Alignment of partial sequences located just downstream of the TATA box of 82 TTV, TTMDV, and TTMV isolates whose entire sequence
is known or for whom nearly the entire sequence is known. Open boxes indicate the positions of the primers common to TTV, TTMDV, and TTMV,
and shaded boxes represent the positions of the primers specific to each of the three anelloviruses. Arrows denote the polarities (sense and antisense) of
the primers designed in the present study. Dashes indicate nucleotides that were identical to the top sequence, and slashes denote deletions of nucleotides.
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ity of the present PCR assay for TTMDV. In order to inves-
tigate the prevalence of anelloviruses according to age and
virus species (TTV, TTMDV, and TTMV), the newly devel-
oped PCR method was applied to 10 umbilical cord blood
samples and serum samples collected from 305 apparently
healthy children and adults in Japan, including the 100 adults
mentioned above. Overall, the prevalence of TTMDV viremia
was found to be high (75.2%), comparable with those of TTV
viremia (93.3%) and TTMV viremia (84.8%) (Table 2). Al-
though none of the 10 cord blood samples had detectable TTV,
TTMDV, and TTMV DNAs, the prevalence of these three
anelloviruses increased rapidly with the number of months
after birth, with the first appearance of TTV at 20 days of age,
the first appearance of TTMV at 27 days of age, and the first
appearance of TTMDV at 62 days of age, and viral prevalence
reached 100% at the age of one year, indicating early acquisi-
tion of TTV, TTMDV, and TTMV during infancy (Fig. 3).
Children 1 to 4 years of age showed extremely high prevalences

(98.2 to 100%) of TTV, TTMDV, and TTMV viremias. Al-
though the prevalence of TTV DNA was almost 100% in all
groups of individuals older than one year of age (Table 2),
TTMDV DNA was detectable in only 68.8 to 85.7% of the age
groups of 5 to 9, 10 to 19, 20 to 49, and 50 to 81 years, and
TTMV DNA was detectable in 75.0 to 88.7% of the individuals
in age groups of 10 to 19, 20 to 49, and 50 to 81 years. The
prevalences of TTV DNA, TTMDV DNA, and TTMV DNA
among subjects �1 year of age were 99.2%, 82.4%, and 89.7%,
respectively.

Among infants �180 days of age, triple infection of TTV,
TTMDV, and TTMV was seen in four infants (12.9%), and
dual infection of TTV and TTMV or of TTMDV and TTMV
was found in six infants (19.3%) (see Fig. S2 in the supple-
mental material). On the other hand, among infants 181 to 364
days of age, the prevalence of triple infection was 73.9%,
comparable with the 78.2% prevalence among subjects 1 to 81
years of age. Although single infections of TTV and TTMV

FIG. 2. Phylogenetic tree constructed by the neighbor-joining method based on the partial nucleotide sequence of the noncoding region (84
to 97 nt) of 82 TTV, TTMDV, and TTMV isolates whose entire sequence is known or for whom nearly the entire sequence is known. The accession
number of each isolate is shown in Fig. 1. Bootstrap values are indicated for the major nodes as a percentage obtained from 1,000 resamplings of
the data. Bar, 0.1 nucleotide substitutions per site.
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were seen in 22 and 5 subjects, respectively, no case of a single
infection of TTMDV was seen in the studied population.

DISCUSSION

The development of methods for specific detection of hu-
man anelloviruses has been made more complex by the discov-
ery of isolates classifiable into a third group in the genus
Anellovirus, TTMDV. In fact, the present study revealed that
TTMDV DNA can be erroneously amplified by previously
reported TTMV PCR assays (6, 56). Biagini et al. (3) reported
that TTMDV/SAV had a 20% prevalence among French blood
donors, which is comparable to the 9% frequency of TTMDV/
SAV detection among Italian blood donors (1). In our previous
study (28), approximately 40% of healthy individuals had
TTMDV DNA in their circulation, detectable by a 3.2-kb long-
distance PCR method for TTMDV. It has been reported that
the selection of PCR primers and the length of the genomic
region for PCR amplification crucially influence the detection

of TTV, isolates of which can have extremely divergent ge-
nomes (4, 16, 38). Recent surveys using primers specific for
individual genotypes or genogroups of TTV, or those that
differentiate TTV from TTMV sequences, indicated that ap-
proximately 90% of study populations (generally healthy
adults) had TTV or TTMV viremia, with coinfection of TTV
and TTMV in 44% (6, 21). Therefore, it seemed likely that the
actual prevalence of TTMDV DNA is higher than was previ-
ously reported. In order to clarify the exact prevalence of
TTMDV DNA and to elucidate the prevalence of double or
triple infection of TTV, TTMDV, and/or TTMV, the present
study was undertaken to develop highly sensitive and specific
PCR assays for the differential detection of these three
human anelloviruses. Although TTV, TTMDV, and TTMV
have a common presumed genomic organization with con-
served sequence motifs and transcriptional profiles, they
exhibit high dissimilarities with regard to genomic length
and sequence. Despite a marked divergence with differences
of �50% among TTV genomes (19, 41, 49), differences of
up to 33% among TTMDV genomes (28), and differences of
up to 40% among TTMV genomes (5, 48), there exists a highly
conserved area of 130 nt located just downstream of the TATA
box in the TTV, TTMDV, and TTMV genomes. Taking ad-
vantage of this particular genomic area that is conserved
among known anelloviruses, we developed virus species-spe-
cific PCR assays, in which the genomic DNAs of all three
anelloviruses are amplified by the first-round PCR with uni-
versal primers and TTV DNA, TTMDV DNA, or TTMV
DNA is separately amplified by each of the three second-round
PCRs (Anello-TTV PCR, Anello-TTMDV PCR, and Anello-
TTMV PCR, respectively) with species-specific primers. All
257 molecular clones of the PCR products amplified by uni-
versal primers obtained from three subjects (subjects D1 to
D3) who were coinfected with TTV, TTMDV, and TTMV
were classifiable as TTV, TTMDV, or TTMV by the three
differential PCR assays, and the reliability of these assays for
classification was confirmed by phylogenetic analysis. When
our newly developed PCR assays were applied to serum sam-
ples from adults in the general population, high prevalence
rates of TTV DNA (100%) and TTMV DNA (82%) were
noted, consistent with previously reported rates (4, 7, 25, 34,
42, 49). A high prevalence of TTMDV DNA (75/100 [75%])
was also found, with positivity seen for 35 subjects who had

FIG. 3. Detection of TTV DNA, TTMDV DNA, and TTMV DNA in 10 umbilical cord blood samples and serum samples from 44 infants of
9 to 364 days of age. For each infant, closed and open circles in the top row represent positivity and negativity for TTV DNA, respectively; closed
and open boxes in the middle row represent positivity and negativity for TTMDV DNA, respectively; and closed and open triangles in the bottom
row represent positivity and negativity for TTMV DNA, respectively.

TABLE 2. Age-specific prevalence of TTV, TTMDV,
and TTMV DNAs

Age (yrs) and
sample type

No. of
samples
tested

No. (%) of samples with:

TTV DNA TTMDV
DNA

TTMV
DNA

	1
Cord blood 10 0 0 0
Seruma 44 35 (79.5) 22 (50.0) 33 (75.0)

Subtotal 54 35 (64.8) 22 (40.7) 33 (61.1)

�1 (serum)
1 28 28 (100) 28 (100) 28 (100)
2–4 29 29 (100) 28 (96.6) 28 (96.6)
5–9 42 41 (97.6) 36 (85.7) 41 (97.6)
10–19 62 61 (98.4) 48 (77.4) 55 (88.7)
20–49 32 32 (100) 22 (68.8) 24 (75.0)
50–81 68 68 (100) 53 (77.9) 58 (85.3)

Subtotal 261 259 (99.2) 215 (82.4) 234 (89.7)

Total 315 294 (93.3) 237 (75.2) 267 (84.8)

a The serum samples were from infants 	1 year of age (9 to 364 days).
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tested negative for TTMDV DNA by 3.2-kb long-distance
PCR (28), suggesting the superiority of the present TTMDV
PCR method in terms of detection rate, compared with our
previous method (3.2-kb long-distance PCR). As for sensitiv-
ity, the three PCR assays developed in this study were compa-
rable, being capable of detecting 5.1 to 5.4 copies per test with
or without the coexistence of two other anellovirus species
clones. In addition, there was no cross-reactivity for TTMDV
and TTMV in the Anello-TTV PCR assay, for TTV and
TTMV in the Anello-TTMDV PCR assay, and for TTV and
TTMDV in the Anello-TTMV PCR assay. Therefore, the re-
sults obtained in the present study indicate that the three PCR
assays for the differential detection of TTV, TTMDV, and
TTMV DNAs can be applied to clinical samples.

Perinatal transmission of blood-borne viruses, such as HBV,
hepatitis C virus, and human immunodeficiency virus type 1, is
well documented (30, 31, 40, 46). This mode of transmission
plays a pivotal role in maintaining HBV transmission from
generation to generation (31, 46). In the present study, how-
ever, none of the 10 umbilical cord blood samples had the
genomic DNA of TTV, TTMDV, or TTMV, and a rapidly
rising prevalence of TTV, TTMDV, and TTMV infections was
noted over the subsequent months, reaching a frequency of
100% within the first 2 years of life. Although further studies
on larger cohorts with larger population sizes are needed to
draw a plausible conclusion, since infection with TTV and/or
TTMV in infants has been reported (12, 18, 20, 56), early
infection during human infancy may be common among all
three anelloviruses, including TTMDV. In support of our view,
Kazi et al. (18) reported that 99 (99%) of 100 cord blood
samples were negative for TTV DNA and that among infants
between 6 to 8 and 12 to 21 months of age, 4 (33%) of 12 and
5 (23%) of 22 infants born to infected and uninfected mothers,
respectively, became positive for TTV DNA, respectively, al-
though the difference was not statistically significant. Failure to
detect TTV DNA in samples of blood from newborn infants
and cord blood has also been reported (54). Therefore, ma-
ternal transmission may play only a minor role in early acqui-
sition of TTV and TTMV as well as TTMDV in infants. TTV
and TTMV genomes have been detected in feces (5, 32), saliva
(5, 15, 56), and breast milk (12, 54), suggesting transmission of
anelloviruses, including TTMDV, via horizontal routes. How-
ever, studies to investigate the presence of TTMDV in various
specimens from infected hosts and to determine the relative
importance of each route of transmission are required.

The prevalence of TTMDV infection decreased in the group
of individuals 5 to 9 years of age and older age groups, as did
the prevalence of TTMV infection in the groups of individuals
10 to 19, 20 to 49, and 50 to 81 years of age. A similar decrease
in the prevalence of TTV infection with age has been reported
(54, 57), although, in the present study, TTV infection was
highly prevalent (97.6 to 100%) in all groups of individuals
older than one year of age. The precise reason for this decrease
in prevalence remains unknown. However, changes in immu-
nological status with growth from infant to child or adolescent
may affect the persistent viremia or viral load of TTMDV,
TTMV, or TTV. In support of our speculation, it has been
reported that HBV infection acquired during early infancy
tends to continue during the rest of the individual’s life (9). In
addition, a significant association between the CD4 cell count

and the TTV/TTMV titer and an inverse relationship between
TTV viral load and level of immunosuppression have been
reported (44, 50, 53).

Due to the frequent dual or triple infections of TTV, TTMDV,
and/or TTMV noted in adults as well as infants in this study
and the lack of a cell culture system to support the replication
of these viruses, it remains unknown whether each of the three
anelloviruses can replicate and maintain the persistent carrier
state independently or in concert with one or two of the other
anelloviruses. Although single infection of TTMDV was not
recognized in the present study, the presence of a single infec-
tion of TTV or TTMV in some infected hosts suggests that
TTV, TTMDV, and TTMV can independently infect suscep-
tible hosts and replicate in their tissues or organs.

In conclusion, taking advantage of universal and virus spe-
cies-specific primers derived from a highly conserved area lo-
cated just downstream of the TATA box of the TTV, TTMDV,
and TTMV genomes, we developed a new PCR assay method
to separately detect the genomic DNAs of TTV, TTMDV, and
TTMV. The PCR method with high sensitivity and reliability
revealed high viremia rates for TTV (99.2%), TTMDV
(82.4%), and TTMV (89.7%) among subjects 1 to 81 years of
age and frequent dual or triple infections of these anelloviruses
even in infants. The pathogenetic role of TTMDV infection
remains unknown. The changing ratio of three anelloviruses to
each other over time, relative viral load, or combination of
different genotypes of each anellovirus may be associated with
the pathogenicity or the disease-inducing potential of these
three human anelloviruses. In this context, further efforts to
develop methods to separately or simultaneously quantitate
the genomic DNAs of the three anelloviruses and to clarify the
extent of genetic variability of TTMDV toward establishing a
reliable method of genotyping or genogrouping TTMDV are
warranted.
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