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Summary: The aim of the study was to assess the prevalence, clinical impact and importance of different risk factors of
transmission of TTV infection in Slovakia using two PCR methods. Sera of 426 adult persons were examined. TTV DNA
was identified by PCR using primers from N22 and untranslated region (UTR) respectively. The established prevalence of
TTV tested with N22 and UTR primers according to patients groups was: acute hepatitis of unknown etiology 4 resp. 28
of 37, acute hepatitis B 3 resp. 29 of 38, chronic hepatitis B 11 resp. 41 of 44, chronic hepatitis C 10 resp. 93 of 102, he-
modialysis patients 13 resp. 72 of 72, health care workers 0 resp. 27 of 33, control group 8 resp. 83 of 100. Using N22
primers, TTV infection occurred more frequently in chronic hepatitis B group compared with health care workers, if UTR
primers were used the group of hemodialysis patients differed significantly from both acute hepatitis groups, health care
workers and controls (p<0.05). From possible risk factors hemodialysis and transfusion count showed notable differences.
Bilirubin and aminotransferase levels did not differ between TTV positive and negative groups. No pathogenetic role of TT

virus in liver injury was confirmed.
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Introduction

A novel virus, designated TT virus (TTV), was recently
reported in Japanese patients with posttransfusion hepatitis
of unknown etiology (13). This novel agent is a non-enve-
loped, circular single-stranded DNA virus, belonging to the
family Circoviridae (11). Studies on prevalence of TT virus in
general population or in healthy voluntary blood donors in
different countries show a high distribution throughout the
world (16). Commonly Polymerase Chain Reaction (PCR)
based on the N22 region within the open reading frame 1 of
viral genome was used for TTV DNA detection. However,
another method using primers from untranslated region
(UTR) proved a much higher incidence of TTV found in
studied population (19). Epidemiological studies have es-
tablished that the routes of TTV infection might be mostly
parenteral (blood transfusions, intravenous drug use, hemo-
dialysis and others), but also fecal-oral route of viral trans-
mission could be possible (2,14). TTV infection is quite
frequently observed in HBV and HCV infected patients and
also in patients with hepatitis of unknown etiology. Co-
infection of HBV or HCV infected patients with TT virus is
reaching up to 40% (2,3,6,7). No data from Slovakia and
only a few from Central and Eastern European countries
were published yet.
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The principal aims of this study were to assess the pre-
valence and clinical impact of TTV infection in general po-
pulation and in patients with different liver diseases in
Slovakia and to determine the importance of different risk
factors of parenteral virus transmission using PCR methods
with two different sets of primers from N22 and untrans-
lated region respectively.

Material and Methods

Study groups

We examined sera of total 426 adult persons (216 males
and 210 females, mean age 41.6 £18.3 years) taken in years
2001-2004. The patients with diverse risk of parenteral in-
fection and different liver diseases were divided into 7
groups as follows: acute hepatitis of unknown etiology 37,
acute hepatitis B 38, chronic hepatitis B 44, chronic hepa-
titis C 102, hemodialysis patients 72, health care workers
33 and control group 100 individuals. The control group
consisted of randomly selected patients with acute enteritis
but without previously known liver injury and served as
a random choice of general population. Anamnestic data
were taken and actual bilirubin and aminotranspherase
levels were established for examined persons. The viral etio-
logy of cases in four groups with diagnosis of various types
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of hepatitis was proven by examining common viral hepati-
tis markers, in patients with chronic hepatitis B and C the
diagnosis was in most cases confirmed also by PCR. The
cases with acute hepatitis of unknown etiology had never
displayed either any evidence of known hepatotropic infec-
tions (i.e., HBV, HCV, HAV, Epstein-Barr virus, Cytomega-
lovirus) or any other causes of acute liver disorder, such as
autoimmune diseases, drugs toxicity and Wilson’s disease.
Considering the epidemiological situation in Slovak Repub-
lic the hepatitis E virus infection was examined only in the
cases with recent international travel but without any posi-
tive result.

Detection of TTV

Serum samples obtained from patients were stored
frozen at -80 °C before testing. DNA extracted from 200 pl
of serum by QIAamp DNA Blood Mini Kit (QIAGEN) was
used as a template for PCR reaction. Each DNA sample
was resuspended in 100 pl of elution buffer. PCR was per-
formed using two different sets of primers:

1. TTV DNA based on primers from N22 region was
identified by semi-nested PCR as described previously by
Okamoto (15). A total volume of PCR reaction mixture was
50 pl. Each tube contained 5 ul of template DNA, 1.5 U
polymerase (RecTac Taq polymerase, Invitrogen), concen-
tration 0.2mM of each ANTP (dATP, dTTP, dGTP, dCTP),
1.5 mM MgCl, and amount 50pM of each of primers. First
PCR utilized NG 059 sense primer (5-ACAGACAGAG-
GAGAAGGCAACATG-3’) and NG 063 antisense primer
(5-CTGGCATTTTACCATTTCCAAAGTT-3’). PCR proto-
col consisted of initial denaturation (96 °C/6 min) followed
by 35 cycles (94 °C/30 s; 60 °C/45 s and 72 °C/45 s), and
final extension (72 °C/2 min). Second PCR was carried out
with NG 061 sense primer (5-GGCAACATGTTGTGGA-
TAGACTGG-3’) and the same NG 063 antisense primer
for 25 cycles under the same PCR conditions.

2. TTV DNA based on primers from UTR region was
identified by PCR protocol as described previously by
Takahashi (19). A total volume of PCR reaction mixture
was 25 ul. Each tube contained 5 ul of template DNA, 1.5 U
polymerase (HotStar Taq polymerase, Quiagen), concen-

tration 0.2 mM of each ANTP (dATP, dTTP, dGTP, dCTP),
2.5 mM MgClz, and amount 50 pM of each of primers:
T801-sense primer (5-GCTACGTCACTAACCACGTG-3’)
and T935-antisense primer (5-CTBCGGTGTGTAAACT-
CACC-3’, B=G,C alebo T). PCR protocol consisted of
initial denaturation (96 °C/15 min) followed by 55 cycles
(95 °C/20 s; 65 °C/20 s and 72 °C/20 s), and final exten-
sion (72 °C/2 min).

PCR products (271 bp for TTV N22 and 199 bp for TTV
UTR region) were detected by agarose gel electrophoresis,
with using of 2 % agarose, stained with ethidium bromide,
and visualised under UV light. DNA 50-bp ladder (Invitro-
gen) was used as DNA molecular weight size marker.

Statistical analysis

The distribution identity of relevant datasets with nor-
mal distribution was tested by the Kolomogorov-Smirnov
test (K-S-test). In case of negative result the nonparametri-
cal Mann-Whitney U-test was used to test differences in
mean values of continuous variables between groups, ot-
herwise the two-tailed Student t-test was performed. Chi-
square test according to Bonferroni correction was used to
compare the proportions between the groups. Significance
was discriminated by a p-value less than 0.05.

Results

Overall, TTV DNA based on primers from N22 region
was confirmed in 49 patients. Divided into groups: acute
hepatitis of unknown etiology 4 out of 37 (10.8%), acute he-
patitis B 3 out of 38 (7.9%), chronic hepatitis B 11 out of 44
(25.0%), chronic hepatitis C 10 out of 102 (9.8%), hemo-
dialysis patients 13 out of 72 (18.1%). There was no case of
TTV positivity in the group of 33 health care workers. The
occurrence in the control group representing the general
population was 8.0% (Table 1). The prevalence of positive
patients in groups of chronic hepatitis B and hemodialysis
patients was slightly but nonsignificantly higher than in the
control group. It was significantly higher only in the group
of chronic hepatitis B in comparison with the group of
health care workers (p<0.05).

Tab. 1: Prevalence of TTV DNA in studied groups using two different sets of primers.

Diagnostic group n TTV N22 positive (%) TTV UTR positive (%)
Acute hepatitis of unknown etiology 37 4 (10.8) 28 (75.7)
Acute hepatitis B 38 3(7.9) 29 (76.3)
Chronic hepatitis B 44 11 (25.0)" 41 (93.2)
Chronic hepatitis C 102 10 (9.8) 93 (91.2)
Hemodialysis patients 72 13 (18.1) 72 (100.0)*
Health care workers 33 0 27 (81.8)
Control group 100 8 (8.0) 83 (83.0)
Overall 426 49 (11.5) 373 (87.6)

“significantly higher compared with the group of health care workers (p<0.05); Fsignificantly higher compared with the
group of acute hepatitis of unknown etiology, acute hepatitis B, health care workers and control group (p<0.05)
Chi-square test according to Bonferroni correction was used to compare the proportions between the groups.
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Tab. 2: Comparison of various risk factors of possible parenteral transmission of TTV according to method of detec-

tion.

Risk factor TTV N22 p TTV UTR p
positive negative value positive negative value
n =49 n =377 n =373 n=353

Surgeries number” 1.65 £ 1.82 | 1.20 £ 1.39 0.1342 1.30 £ 1.50 | 0.87 = 1.01 0.0826

Transfusions number” 1.29 £ 3.01 | 1.02 +£2.78 0.1818 1.17+2.96 | 0.23 £ 0.98 0.0053

Years on hemodialysis” 0.71 £ 1.41 | 0.71 £2.23 0.1678 0.80 £2.27 | 0.02 £ 0.14 0.0143

Intravenous drug use (years)” 0.51+241 | 0.37£142 0.4330 0.43+1.65 | 0.13+0.86 0.2444

Professional exposure (years)” 0.49 +3.39 | 1.88 +6.58 0.1589 1.77 £ 6.44 | 1.36 £ 5.34 0.4370

Tattoo! 4 32 0.9747 32 4 0.9436

Piercing’ 2 12 0.8794 14 0 0.3182

“ means compared by using Mann-Whitney U-test;
T counts compared by using Chi-square test

Tab. 3: Association between TTV infection and serum bilirubin, AST and ALT levels in different diagnostic groups accord-
ing to method of virus detection.

TTV N22 p TTV UTR p
positive | negative value positive negative value
Acute hepatitis of unknown etiology (n=37)
4 33 28 9
Bilirubin 100.5 + 153.9 87.5+89.8 NA 98.9 + 108.9 57.8 £44.9 NS
AST 11.42 £ 9.79 10.89 +£9.24 NA 11.66% 10.03 8.72 £ 6.02 NS
ALT 16.82 + 14.83 | 17.09 £ 13.51 NA 18.14 £ 14.56 13.69 £+ 9.66 NS
Acute hepatitis B (n=38)
3 35 29 9
Bilirubin 309.8 £213.7 | 146.5 £ 111.7 NA 158.4 £ 1359 | 162.8 £ 111,1 NS
AST 30.19 £ 25.10 | 24.10 £ 15.60 NA 23.76 £ 15.25 | 27.31 £20.09 NS
ALT 37.88 £ 18.91 | 39.50 £ 25.50 NA 38.61 £ 24.15 | 42.02 £27.70 NS
Chronic hepatitis B (n=44)
11 33 41 3
Bilirubin 20.3 + 10.6 36.6 = 91.7 NS 34.0 £ 82.0 10.5 + 3.7 NA
AST 3.45+5.72 2.62 +6.07 NS 2.80 £ 6.12 3.30 + 3.86 NA
ALT 7.97 = 14.68 2.75 £ 4.15 NS 4.00 + 8.69 5.27 £6.31 NA
Chronic hepatitis C (n=102)
10 92 93 9
Bilirubin 15.5+£9.6 14.5 £ 8.5 NS 14.1£6.9 19.8 £17.7 NS
AST 0.91 £0.40 1.58 £2.42 NS 1.35+ 1.71 3.19 +£5.22 NS
ALT 1.46 £ 0.74 2.18 £+ 3.40 NS 1.88 £ 2.51 442 16.93 NS
Hemodialysis patients (n=72)
13 59 72 0
Bilirubin 6.9+22 6.8+2.5 NS 6.8+24 - NA
AST 0.30 £ 0.08 0.30 £ 0.21 NS 0.30 £ 0.19 - NA
ALT 0.32 £0.22 0.30 £ 0.21 NS 0.30 £ 0.21 - NA
Control group (n=100)
8 92 83 17
Bilirubin 15.8 £ 10.8 129+ 7.4 NS 12.8 £ 7.6 14.8 + 8.3 NS
AST 0.43 £0.11 0.47 £ 0.36 NS 0.48 + 0.37 0.38 £ 0.13 NS
ALT 0.26 £ 0.15 0.42 £ 0.46 NS 0.44 £ 0.48 0.28 £ 0.13 NS

Biochemical values represent the mean values + standard deviation. Normal ranges and units: bilirubin < 21,0 umol/l, AST

<0.66 pkat/l, ALT < 0.66 pkat/l. Mean values were compared by using the two-tailed Student t-test. NS = non-significant.
NA = not applicable.
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If the primers from UTR region were used TTV DNA
was confirmed overall in 373 patients. Divided into groups:
acute hepatitis of unknown etiology 28 (75.7%), acute hepa-
titis B 29 (76.3%), chronic hepatitis B 41 (93.2%), chronic
hepatitis C 93 (91.2%), hemodialysis patients 72 (100.0%),
health care workers 27 (81.8%) and control group 83 (83.0%)
(Table 1). The prevalence of TTV positive patients was sig-
nificantly higher in the group of hemodialysis patients com-
pared with the group of acute hepatitis of unknown
etiology, acute hepatitis B, health care workers and control
group (p<0.05). Occurence in the chronic hepatitis B and
C groups also exceeded 90% but did not significantly differ
from other groups. Primers designed in a untranslated region
provided generally much higher prevalences. All of 49 pa-
tients previously tested TTV positive by the N22 method
were TTV positive by UTR method as well.

The mean age of TTV N22 positive patients was higher
than that of the negatives (45.9 + 20.2 vs 41.0 & 18.0 years)
however without statisticaly notable difference. It was sig-
nificantly higher only in the control group (59.0 £ 23.1 vs
43.6 £ 19.1 years, p<0.05). Using the UTR primers there
was a notable age difference between positive and negative
subgroups (42.4 £ 18.8 vs 35.4 £ 13.4 years, p<0.05). No
significant differences in gender ratio according to presence
of TTV infection proved by both methods of virus detection
were observed.

Next we evaluated the possible importance of various risk
factors of parenteral transmission of TTV comparing TTV
positive and negative patients subgroups. The results differed
depending on the method of TTV DNA detection. If N22
primers were used, we found only the average count of sur-
geries in anamnesis per patient and the number of transfusi-
ons in positive patients slightly but nonsignificantly higher
than in the negative subgroup (Table 2). By contrast, using
UTR primers the number of transfusions and the time on he-
modialysis represented a significant risk of TTV infection.
The mean number of transfusions was 1.17 + 2.96 vs 0.23 *
0.98 (p<0.01) and the time on hemodialysis was 0.80 + 2.27
vs 0.02 £ 0.14 years (p<0.05) in TTV UTR positive and ne-
gative patients respectively. Other risk factors as intravenous
drug use, tattoo, piercing or professional exposure showed
independently on method of virus detection no significant
differences for TTV infection in our study (Table 2). The pre-
valence of TTV infection in 30 persons with history of in-
travenous drug use from the entire studied cohort (27 with
chronic hepatitis C and 3 hemodialysis patients) was 10.0%
and 96.7% using the N22 and UTR primers respectively. We
found 18 (36.7%) of 49 TTV positive patients without any
risk of parenteral transmission of infection.

To elucidate a possible role of TT virus in hepatic pa-
thogenicity we evaluated the association between TTV in-
fection and serum bilirubin, AST and ALT levels in each
diagnostic group separately. Using both methods of virus
detection the followed biochemical parameters did not sig-
nificantly differ between TTV positive and negative patients
in any diagnostic group (Table 3).
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Discussion

The prevalence of TTV infection based on N22 primers
in control group of 8.0% observed in our study corresponds
with literature data ranging in developed countries between
1.9% and 37% among blood donors or healthy controls
(2,3,6,10,16). In comparison with some neighbouring coun-
tries as Czech republic (13.5%) or Hungary (18.5%) we no-
ticed a slightly lower occurrence (8,18).

If using the primers from UTR region our prevalence in
control group (83%) was similar to those found in other
prevalence studies. The reported numbers of TTV positive
subjects are between 78% and 92% (1,12,19), although TTV
viremia detected in US blood donors was only 41.6% (4).

We confirmed the highest number of TTV positive pa-
tients in chronic hepatitis B and hemodialysis patients
groups. The prevalence of TTV infection among hemodia-
lysis patients reported by other authors is similar to our
(5,9) or even higher (21). The prevalence in chronic hepa-
titis B group matches that of observations in other coun-
tries ranging between 17.9% to 35% (2,7,10). On the other
hand the rate of TTV positives among the acute hepatitis
B patients was lower than 13.2% to 24% reported by other
authors (3,6). Surprisingly we noticed also a relatively low
TTV incidence in the chronic hepatitis C group similar to
8.1% observed by French authors (20), but much lower
than over 30% refered by others (2,7). However if primers
from UTR region were used the incidence exceeded 90%
similar to chronic hepatitis B group. The prevalence in pa-
tients with acute hepatitis of unknown etiology reached
only 10.8% and appeared to be comparable with the control
group, what was in accordance with other authors (3,10).

Concluding from the results obtained with UTR primers
a possible association between age and TTV prevalence
could be considered. A slight age difference between TTV
positive and negative patients tested with N22 primers was
observed as well, especially in the control group. An in-
crease in the TTV prevalence with age in adults was noticed
similarly by other authors (17). No association between
gender and rate of TTV infection was found in our study.

The parenteral route of TT virus transmission mainly by
blood exposure or intravenous drug use is an important
consideration (2,13,17), therefore we tried to determine its
importance in our cohort of patients. In connection with
different risk factors of parenteral transmission of TTV
tested with N22 primers only the number of surgeries and
transfusions came to the fore, but in both cases without sta-
tistical significance. However if UTR primers were used
hemodialysis and transfusions seemed to be notable risk
factors of TTV transmission. Other followed factors as in-
travenous drug use, tattoo or piercing showed indepen-
dently on method of virus detection no importance for TTV
infection in our study. We noticed also a remarkable number
of TTV positive patients without any risk factor of parente-
ral transmission what suggests another, non-parenteral route
of transmission. Observations of other authors support this



possibility as well (2,14). According to our results the pro-
fessional exposure of health care workers doesn’t belong to
risk factors of TT virus infection.

Comparing the laboratory parameters of liver injury in
TTYV positive and negative patients we did not observed any
differences in bilirubin, AST and ALT levels. In accord with
other studies we did not observe any influence of TTV infec-
tion on the course of illnesses in our patients or worsening of
the laboratory findings in the control group (3,6,7,9,17).

Conclusion

The prevalence of TTV infection in Slovakia matches
that of observations in other countries. We found a higher
number of TTV positive patients in the group of chronic he-
patitis B and hemodialysis patients. Most important risk
factors in connection with parenteral transmission of TTV
were hemodialysis and number of transfusions. According
to our findings we did not confirmed a pathogenetic role of
TT virus in liver injury. These results are the first informa-
tion about prevalence of TTV infection in Slovakia.
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