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Three hypervariable regions were identified in a central portion of open reading frame 1 of TT virus DNA,
which codes for a putative capsid protein of 770 amino acids. TT virus circulates as quasispecies, with many
amino acid substitutions in hypervariable regions, to evade immune surveillance of the hosts and to establish
a persistent infection.

Late in 1997, a nonenveloped, single-stranded DNA virus
was recovered from a patient, who developed posttransfusion
hepatitis not related to any of the known hepatitis viruses
(non-A through non-G), and named TT virus (TTV) (14, 17).
Because TTV has a circular genomic structure (9, 10, 20), it is
classified tentatively in the Circoviridae family (6). Despite
being a DNA virus, TTV has an extremely wide sequence
divergence which causes it to fall into at least 16 genotypes
separated by an evolutionary distance .0.30 (4, 10, 11, 13, 17–
20, 22, 25–27).

TTV may have a hypervariable region (HVR), because
amino acid substitutions among distinct TTV strains of the
same genotype are found more frequently in a central portion
of open reading frame 1 (ORF1) than in the other genomic
regions (10, 24). For further defining the HVR of TTV, the
amino acid sequences of the two ORFs (ORF1 and ORF2) of
nine TTV isolates of genotype 1a, including three newly se-
quenced and six previously reported (10, 17, 24), were com-
pared. Furthermore, HVR sequences were compared among
the many TTV clones recovered from the sera of five individ-
uals with chronic or acute TTV infection. The quasispecies
nature of circulating TTV may help it evade immune surveil-
lance and establish persistent infection, as is seen for hepatitis
C virus (HCV) and human immunodeficiency virus type 1 (2, 7,
8, 16, 29).

HVRs in ORF1 of TTV. Two patients (TRM1, with HCV-
associated hepatocellular carcinoma, and TK16, with non-A
through non-G acute hepatitis) and one blood donor (TP1-3)
were infected with TTV of genotype 1a. TTV DNAs in their
plasma were sequenced (3,308 nucleotides [nt] corresponding
to .85% of the genomic sequence) by a long-distance PCR
method for amplifying 3.4 kb (19). The sequences were com-
pared with the sequences of six reported isolates of the same
genotype (10, 17, 24) within various genomic regions.

There were three regions with marked sequence divergence
located in the same positions on the genome of nine isolates,
including the three obtained in the present study. They were in
a central portion of ORF1 and spanned amino acids (aa) 275
to 296, 314 to 360, and 372 to 402 (Fig. 1) and were designated
HVR1, HVR2, and HVR3, respectively. The TTV HVRs were
located outside the N22 region (14), the sequence of which is
used for detecting TTV DNA and classifying various genotypes
(4, 17–20, 22, 25–27) (Fig. 1).

Table 1 compares the nucleotide and amino acid sequences
of ORF1 among the nine isolates. TRM1 was used as the
standard, because comparison with the other eight isolates
gave the lowest amount of sequence divergence. The eight
isolates were different from TRM1 at 1.7 to 7.2% (mean,
2.9%) of the 2,310 nt in ORF1. Divergent nucleotides clus-
tered in HVRs at a rate of 31.9 to 68.1%. Within the three
HVRs, totalling 300 nt, 15 to 53 nt (mean, 31.6 nt) were
divergent, corresponding to 5 to 18% (mean, 10.5%) of the 300
nt. Sequences outside the three HVRs in ORF1 (total, 2,010
nt) were much conserved, by contrast, showing a divergence of
only 0.7 to 5.6% (mean, 1.7%). Nucleotide sequence diver-
gence occurred most frequently in the third letter of a codon
and accounted for a mean of 68.7%, which was much more
frequent than the 39.2% occurrence in HVRs. Of the 770 aa
coded for by ORF1, 20 to 32 aa (mean, 28.2 aa) were divergent,
corresponding to 2.6 to 4.2% (mean, 3.7%) of the 770 aa. Of
the divergent amino acids, 46 to 86% occurred in HVRs. Of
the 100 aa representing the three HVRs, 12 to 25 aa (mean,
18.9 aa) were divergent, accounting for 12 to 25% (mean,
18.9%) of the 100 aa.

Sequence divergence in HVRs of TTV clones from patients
with chronic TTV infection (C1 and C2) and its evolution with
time. Sequential sera were obtained from two patients with
non-A through non-G chronic hepatitis complicated by cirrho-
sis (C1 and C2), both of whom were persistently infected with
TTV. C1 had received transfusions during a hysterectomy at
the age of 44, and was diagnosed with cirrhosis at 52 years of
age. TTV DNA was recovered from serum samples taken at
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60, 64, and 68 years of age. C2 was diagnosed with cirrhosis at
the age of 74. TTV DNA was recovered from serum samples
taken at 79 and 81 years of age.

An 849-bp sequence in ORF1 bearing HVRs (Fig. 1) was
amplified by PCR in the presence of TaKaRa Ex Taq (TaKaRa
Shuzo Co., Shiga, Japan) with heminested primers. The first-
round PCR was performed with NG161 (sense, 59-GCA ACC
GCA GCG GAT ATG CAA TAT CCG TTC-39 [nt 1321 to
1350]) and NG063 (antisense, 59-CTG GCA TTT TAC CAT
TTC CAA AGT T-39 [nt 2161 to 2185]) for 35 cycles, and the

second-round PCR was done for 25 cycles with NG152 (sense,
59-TGC AAT ATC CGT TCG GCT CAC CAC-39 [nt 1337 to
1360]) and NG063. The conditions for both PCR methods
were: 94°C, 30 s; 60°C, 30 s; 72°C, 60 s (with an additional 7 min
for the last cycle). The amplification products by the first-
round PCR measured 865 bp, and those by the second-round
PCR measured 849 bp.

Products of the second-round PCR were inserted into
pT7BlueT-Vector, and the independent TTV clones thus ob-
tained were confirmed to belong to genotype 1a by PCR with
primers specific for this genotype, i.e., NG164 (sense, 59-GGA
TAT GTA GAA TTT TGT GCA-39 [nt 2020 to 2040]) and
NG165 (antisense, 59-AAA GCC TTT TGT GGG GTC TG-39
[nt 2126 to 2145]). The obtained clones were sequenced with
the BigDye Terminator Cycle Sequence Ready Reaction Kit
(PE Applied Biosystems, Foster City, Calif.). Sequence analy-
sis of TTV clones was performed with Genetyx-Mac version
10.1 (Software Development Co., Tokyo, Japan) and ODEN
program version 1.1.1 (5) of DDBJ (DNA Data Bank of Japan,
National Institute of Genetics, Mishima, Japan).

Ten TTV clones from C1 at year 0 revealed quasispecies
with marked sequence divergence in the HVRs, similar to
those at years 3.5 and 7.5 (Fig. 2a). The sequences of TTV
clones at year 0 was somewhat similar to those at year 3.5; such
a similarity was observed also between TTV clones at years 3.5
and 7.5. Ten TTV clones from C2 also showed remarkable
heterogeneity in HVR sequences from both testings (Fig. 2b).
There was a close relationship between clones obtained at
years 0 and 3.3 from C2, which would reflect continuous evo-
lution in the HVR sequence.

Sequence of HVRs in TTV clones from three patients with
acute TTV infection (A1, A2, and A3). Sera were obtained from
two patients with posttransfusion non-A through non-G hep-
atitis associated with acute TTV infection (14), 10 and 8 weeks
after they received transfusions, respectively. An additional
serum sample was obtained from one patient with HCV-asso-
ciated hepatocellular carcinoma 6 weeks after he contracted
sporadic TTV infection. His transaminase levels did not
change during the 8 weeks that TTV DNA was detected in his
serum. All three patients with acute infection lost TTV DNA
from their serum by 2 to 7 weeks after the time of testing.

The sequences of the HVRs of 10 TTV clones obtained from

FIG. 1. Genomic organization of TTV and positions of the three HVRs in
ORF1. The genomic organization of the prototype TTV isolate of genotype 1a
(TA278), consisting of 3,853 nt (17, 20), is shown, with the positions of the two
ORFs indicated by arrows. The positions of HVR1 (nt 1411 to 1476 [aa 275 to
296]), HVR2 (nt 1528 to 1668 [aa 314 to 360]), and HVR3 (nt 1702 to 1794 [aa
372 to 402]) are indicated by black bars in ORF1. A nucleotide sequence includ-
ing the HVRs was amplified by PCR with heminested primers with products
indicated at the bottom. The position of the N22 clone (14), from which primers
for detection and genotyping of TTV DNA are deduced (18, 19), is indicated.

TABLE 1. Comparison of nucleotide and amino acid sequences within the HVRs and the remaining regions in ORF1 between
the TRM1 isolate and the other eight isolates of the same genotype (1a)

Isolate Accession
no.

ORF1
(2,310 nt)

No. of nucleotide substitutions (%) in: No. of amino acid substitutions (%) in:

HVR (300 nt)a Non-HVR (2,010 nt)b

ORF1
(770 aa)

HVRa

(100 aa)
Non-HVRb

(670 aa)Subtotal
Codon position

Subtotal
Codon position

1st 2nd 3rd 1st 2nd 3rd

TA278 AB008394 47 (2.0) 32 (11) 11 12 9 15 (0.7) 3 3 9 29 (3.8) 25 (25) 4 (0.6)
TK16 AB026346 54 (2.3) 32 (11) 11 10 11 22 (1.1) 4 4 14 32 (4.2) 22 (22) 10 (1.5)
TP1-3 AB026347 62 (2.7) 37 (12) 14 10 13 25 (1.2) 4 6 15 32 (4.2) 23 (23) 9 (1.3)
G97801 AB011486 52 (2.3) 28 (9) 11 8 9 24 (1.2) 5 4 15 27 (3.5) 19 (19) 8 (1.2)
G103301 AB011487 39 (1.7) 15 (5) 6 5 4 24 (1.2) 6 2 16 20 (2.6) 12 (12) 8 (1.2)
G104901 AB011489 51 (2.2) 32 (11) 11 14 7 19 (0.9) 5 2 12 28 (3.6) 15 (15) 13 (1.9)
TTVCHN1 AF079173 56 (2.4) 24 (8) 5 6 13 32 (1.6) 8 7 17 28 (3.6) 13 (13) 15 (2.2)
GH1 AF122913 166 (7.2) 53 (18) 20 6 37 113 (5.6) 18 5 90 29 (3.8) 22 (22) 7 (1.0)

Mean no. 65.9 31.6 11.1 8.9 12.9 34.3 6.6 4.1 23.5 28.2 18.9 9.3
Mean % 2.9 10.5 39.2 1.7 68.7 3.7 18.9 1.4

a HVRs coding for a total of 100 aa: HVR1, nt 1411 to 1476 (aa 275 to 296); HVR2, nt 1528 to 1668 (aa 314 to 360); and HVR3, nt 1702 to 1794 (aa 372 to 402).
b Regions in ORF1 exclusive of HVRs and coding for a total of 670 aa. They include nt 589 to 1410 (aa 1 to 274), nt 1477 to 1527 (aa 297 to 313), nt 1669 to 1701

(aa 361 to 371), and nt 1795 to 2898 (aa 403 to 770).

VOL. 73, 1999 NOTES 9605



FIG. 2. Amino acid sequences of the three HVRs of TTV clones in five patients with chronic (C1 and C2) or acute (A1, A2, and A3) infection. (a and b) Sequences
of HVR1, HVR2, and HVR3 are shown for 10 clones, each obtained from sequential sera of two patients with chronic infection. The consensus sequence (cons) in
10 clones at year 0 is indicated at the top. (c) Sequences of 10 clones each from three patients with acute infection. Dashes indicate the same amino acids as those in
the consensus sequence (cons).
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each of the patients’ sera are shown in Fig. 2c; they were
recovered from unfractionated sera (Table 2). In sharp con-
trast to the marked sequence divergence in TTV clones from
the patients with chronic infection, the 10 clones from the
three patients with acute infection were strikingly homoge-
neous in the HVR amino acid sequences.

TTV complexed with IgG in sera from patients with chronic
infection. TTV particles in sera were immunoprecipitated with
ICN/CAPPEL goat antiserum to human immunoglobulin G
(IgG) (whole molecule) (ICN Biomedicals, Aurora, Ohio), and
supernatant was separated from precipitate (28). They were
tested for TTV DNA by PCR (Table 2). Samples were judged
to contain TTV complexed with IgG when precipitate gener-
ated a higher density of amplification products than superna-
tant after treatment with goat antiserum to human IgG and
when no significant amplification signals were observed in the
precipitate fraction after treatment with normal goat serum
(ICN Biochemicals).

TTV DNA was detected only in the precipitate fraction of
sera from two patients with chronic infection taken at different
time points (Table 2). In view of the sensitivity of this experi-
ment, TTV particles in the supernatant were deduced to be
less than 1/10 to 1/100 of those in the precipitate for these two
patients, with serum titers at 103 to 104 copies/ml.

By contrast, TTV particles were detected in supernatant
fractions from all three patients with acute infection. Two
patients (A1 and A3) were tested when they had peak TTV
DNA titers, and their sera had higher TTV DNA titers in
precipitate than supernatant. Serum of the remaining patient
(A2) taken 3 weeks earlier than the peak TTV DNA level,
however, possessed a much higher TTV DNA titer in super-
natant than precipitate.

Discussion. The Circoviridae family consists of nonenvel-
oped, single-stranded circular DNA viruses (6); there have
been only three animal circoviruses known, i.e., chicken ane-
mia virus, beak and feather disease virus of parrots, and por-
cine circovirus (1, 6, 12, 15). Due to its circular genomic struc-
ture (9, 10, 20), TTV may qualify as a fourth animal circovirus,
although its genomic size (3,818 to 3,853 nt, depending on
genotype) is much larger than those of the other three (1,758
to 2,319 nt) (1, 12, 15, 20).

In spite of being a DNA virus, TTV has an extremely high
level of sequence divergence, ranging to 60.5% for the entire
genome (20); at least 16 genotypes that differ by .30% from
one another have been distinguished (19). The reason for the
outstanding genetic heterogeneity of TTV is not clear. The
replication of TTV might involve reverse transcription, making

for an accelerated mutation rate as is the case for hepatitis B
virus (23), a double-stranded DNA virus encoding a reverse
transcriptase; a sequence motif for reverse transcriptase has
not been identified in the TTV genome, however.

Nucleotide sequences vary considerably even among TTV
isolates of the same genotype. Sequence divergence resulting
in amino acid conversions is the highest in a central portion of
ORF1 (10, 24), the translation product of which has an argin-
ine-rich sequence in the N terminus. By analogy with VP1 of
chicken anemia virus, which also has this sequence (1, 15), the
ORF1 in TTV may encode a capsid protein. Comparison of
nine TTV isolates of genotype 1a highlighted three regions in
ORF1 that had a markedly divergent amino acid sequence
(Fig. 1). They were designated HVR1, HVR2, and HVR3 and
coded for 22, 47, and 31 aa, respectively.

The nine TTV isolates of genotypes 1a were 92 to 96%
similar in the amino acid sequence of the ORF1 product. Most
amino acid substitutions in ORF1 (47 to 86%) clustered in
HVRs that spanned 100 aa altogether; regions outside HVRs
in ORF1 were well conserved, with a similarity of $98%.
HVRs in TTV are comparable to the HVR in chicken anemia
virus, which stretches for 13 aa (position, 139 to 151) in the
450-aa VP1 (21).

In individuals with chronic infection, TTV circulates as
quasispecies, with sequence divergence in the HVR. TTV
evolves in hosts by changing its HVR sequences to escape
immune surveillance. The adaptability of the HVR for viral
persistence has been well established for HCV and human
immunodeficiency virus type 1 (2, 7, 8, 16, 29). Quasispecies of
TTV due to variation in the HVR were found restricted to
hosts with chronic infection. Circulating TTV in hosts with
acute resolving infection, rarely, if ever, showed sequence di-
vergence in the HVR (Fig. 2).

Should variation in HVR reflect a strategy of TTV to evade
immune surveillance of hosts, humoral antibodies to HVR
sequences may well be present in the circulation. Antibodies to
HVR sequences would bind with circulating TTV to form
immune complexes, as is seen in chronic HCV infection (3).
This was actually the case for TTV (Table 2). In individuals
with chronic TTV infection, by far the most TTV particles in
serum were precipitated with goat anti-human IgG, thereby
indicating that they would form immune complexes in the
circulation. In individuals with acute resolving infection, by
contrast, free TTV particles uncomplexed with IgG always
occurred, in amounts exceeding those of complexed TTV in
some instances.

TABLE 2. Profiles of individuals with chronic or acute TTV infection

Individual Age (yr)
and sexa

Time of
sampling Clinical diagnosis (etiology) Amt of TTV DNAb

(copies/ml)

Immunoprecipitationc

Sup Ppt

C1 60F Yr 0 Liver cirrhosis (non-A to G) 104 0 , 10.0
64 Yr 3.5 103 0 , 5.4
68 Yr 7.5 104 0 , 11.6

C2 79F Yr 0 Liver cirrhosis (non-A to G) 104 0 , 13.6
81 Yr 3.3 104 0 , 13.2

A1 58M Wk 10d Posttransfusion hepatitis (non-A to G) 103 0.9 , 2.8
A2 70F Wk 8d Posttransfusion hepatitis (non-A to G) 102 1.5 . 0.1
A3 70M Wk 6e Sporadic TTV infection 104 1.7 , 3.0

a F, female; M, male.
b TTV DNA was determined semiquantitatively (18).
c Serum was precipitated with goat anti-human IgG, and supernatant (Sup) and precipitate (Ppt) were tested for TTV DNA. Then, the density of amplification

products was compared between supernatant and precipitate.
d Time after transfusion.
e Time after he became positive for TTV DNA.
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Nucleotide sequence accession numbers. The nucleotide se-
quence data in this report have been deposited in the DDBJ/
EMBL/GenBank nucleotide sequence databases under acces-
sion no. AB026345 to AB026347 for 3,308 nt of TRM1, TK16,
and TP1-3 and AB026348 to AB026427 for 80 TTV isolates
consisting of 800 nt covering the HVRs.
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