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Using the PCR assay, we found a high prevalence of TT virus (TTV) DNA in saliva and semen from patients
who were seropositive for TTV. This finding suggests that the presence of TTV in body fluids other than serum
may affect the routes of viral transmission.

Recently, the genome from a novel DNA virus, termed the
TT virus (TTV), was isolated from the serum of patients with
posttransfusion non-A-G hepatitis by using representational
difference analysis (6, 8). TTV is an unenveloped single-
stranded DNA virus, with an isopycnic density of 1.31 to 1.32
g/ml in CsCl (8). The TTV genome has two possible open
reading frames, capable of encoding 770 and 202 amino acids.
Due to the genome structure and its banding in buoyant den-
sity gradient centrifugation, TTV might be most closely related
to Circoviridae among the known animal virus families (3, 4,
10). The TTV sequence was detected in sera and liver tissues
from liver disease patients, suggesting that TTV might be re-
sponsible for a part of acute and chronic liver disease of un-
known etiology (2, 8). On the other hand, it has been reported
that TTV infection does not induce significant liver damage
(5). Members of our group recently reported that TTV infec-
tion is widespread in the general population worldwide and
suggested that TTV may be a common DNA virus in humans
(1). This implies that the routes of TTV transmission may
differ from the routes of hepatitis B virus (HBV), hepatitis C
virus (HCV), and hepatitis G virus (HGV) transmission. The
presence of virus in body fluids other than serum, such as saliva
and semen, may affect the routes of viral transmission. Accord-
ingly, we analyzed whether TTV is present in extravascular
compartments.

Paired samples of serum, saliva, and semen were obtained
from 10 drug addicts (all males, ranging in age from 18 to 54
years), either intravenous drug users or heroin smokers. Four
of them were coinfected with HCV, but no evidence of HBV,
HGV, or human immunodeficiency virus infections was ob-
tained by PCR assays. Saliva and semen were collected in
sterile tubes and stored at 230°C until use. Informed consent
was obtained from the participants in this study. DNA was
extracted from 100 ml of serum, saliva, and semen, respectively,
using a nucleic acid extraction kit (SepaGene RV-R; Sanko
Junyaku Co., Ltd., Tokyo, Japan). The semen was diluted to
twice its original volume with phosphate-buffered saline and
used for DNA extraction. TTV DNA was amplified by PCR as
described previously (1). In brief, the thermocycler was pro-
grammed first to preheat at 95°C for 10 min to activate Ampli-
Taq Gold DNA polymerase (Perkin-Elmer, Norwalk, Conn.),
followed by 55 cycles consisting of 94°C for 20 s, 60°C for 20 s,
and 72°C for 30 s using a Perkin-Elmer 9600 or 9700 thermal
cycler. The sequences of the TTV-specific primers were 59-G

CTACGTCACTAACCACGTG-39 (T801, sense primer; nu-
cleotides 6 to 25) and 59-CTBCGGTGTGTAAACTCACC-39
(T935, antisense primer; nucleotides 185 to 204; B 5 G, C, or
T) as designed by Takahashi et al. (9) in the 59 end region of
the TA278 isolate. The PCR products were detected by elec-
trophoresis on 2% agarose gels, stained with ethidium bro-
mide, and photographed under UV light. The sizes of the PCR
products were estimated according to the migration pattern of
a 50-bp DNA ladder (Pharmacia Biotech, Uppsala, Sweden).
All PCR assays were performed in duplicate to confirm spec-
ificity. To characterize the nucleotide sequence of isolated
TTVs, amplicons were purified using a QIAquick gel extrac-
tion kit (Qiagen Inc., Chatsworth, Calif.). The recovered PCR
products were subjected to direct sequencing from both direc-
tions using the ABI Prism dye terminator cycle sequencing
ready reaction kit (Perkin-Elmer). Sequences of amplified
DNA were determined by using a sequencer (ABI model
373A; Applied Biosystems, Foster City, Calif.).

As a result, TTV DNA was detected in the serum of 10 (10
of 10 [100%]), the saliva of 7 (7 of 9 [78%]), and the semen of
6 (6 of 10 [60%]) individuals (Table 1). In contrast, HCV RNA
was detected in the saliva and semen of only one (20%) of five
patients who were seropositive for HCV RNA. Elevated serum
alanine aminotransferase was found in five patients coinfected
with HCV and TTV but not in the remaining patients infected
only with TTV. To verify that the products amplified by PCR
were of TTV origin, sequence analyses were performed in
three cases. The results revealed that although the nucleotide
sequences of TTV DNA from serum, saliva, and semen had
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TABLE 1. Detection of TTV DNA in serum and body fluids from
10 male drug addicts and comparison with HCV RNA detection

Case
no.

Age
(yr)

Detection of:

TTV DNA HCV RNA

Serum Saliva Semen Serum Saliva Semen

1 54 1 1 1 1 2 2
2 53 1 NDa 1 1 ND 1
3 48 1 1 2 1 2 2
4 46 1 1 1 1 1 2
5 38 1 1 1 1 2 2
6 33 1 1 1 2 2 2
7 33 1 2 2 2 2 2
8 24 1 2 2 2 2 2
9 23 1 1 1 2 2 2
10 18 1 1 2 2 2 2

a ND, not done.
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sequence variations among them, all had a high level of simi-
larity to the TA278 isolate, which is the prototype of TTV (Fig. 1).

Our results indicate that TTV DNA, besides being present
in blood, can also be found frequently in saliva and semen. It
was reported previously that TTV viremia is widespread in the
general population worldwide, since the prevalence among
patients, including healthy populations, was found to be more
than 70% (1). Such an extremely high prevalence of TTV
infection in the general population suggests that TTV may be
transmissible not only through blood but also by a nonparen-
teral route. Indeed, Okamoto et al. reported that TTV was
excreted in the feces, thereby suggesting that TTV is transmit-
ted not only parenterally but also nonparenterally by a fecal-
oral route (7). In addition to the feces, TTV would be trans-
mitted by saliva and semen. The high degree of similarity
between the paired samples of serum-, saliva-, and semen-
derived TTV sequences suggests that the virus detected in
saliva and semen originated from the same source as the virus
found in serum. Sequence analysis of TTV DNA from serum,
saliva, and semen showed little variation among the samples
examined. It is known that despite TTV being a DNA virus, the
TTV sequence has a wide range of divergence (1, 4, 8).

In conclusion, a high prevalence of TTV DNA in saliva and
semen from patients infected with TTV was found by PCR
assay. This finding suggests that body fluids other than serum
may be significant vehicles for the nonparenteral transmission
of TTV, although the infectivity of TTV DNA-positive body
fluids remains to be demonstrated.
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FIG. 1. Comparison of nucleotide sequences of TTV recovered from paired samples of serum, saliva, and semen from three individuals (cases 4, 6, and 9).
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