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Abstract: A novel human DNA virus, TT virus (TTV), was first discovered in the sera of three
Japanese patients with post transfusion hepatitis in 1997. TTV is a non-enveloped, single stranded
virus related to the Circoviridae family. TT virus DNA was investigated in serum samples of 100
patients with various types of chronic hepatitis, and 100 healthy subjects from Kerman, Iran by
nested PCR using the primers that belonged to UTR (A) region of the genome. Serum levels of
alanine aminotransferase (ALT) and aspartate aminotransferase (AST) were also determined. TTV
DNA was detected in 4 % of healthy population, 12 % of type-B hepatitis patients, and 21 % of type-
C hepatitis patients with liver disease. TTV infections are more frequently found in patients infected
with hepatitis B virus (HBV) or hepatitis C virus (HCV) than general population. However, no
significant association between TTV infection and liver injury has been reported.
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Introduction

T virus (TTV) is a newly described

I DNA virus that was first detected in the
blood of three patients with elevated

serum aminotransferases following transfusion;
however the patients tested negatively for known
hepatitis viruses. The virus has been found
worldwide with a high prevalence in general
population. However, accumulating evidence
suggests that the virus is not a significant cause of
acute or chronic liver disease. To date no other
disease associations with TTV infection have been
described (1). After the discovery of the hepatitis A
and B viruses in the 1960s and 1970s, it became
apparent that an unidentified agent was responsible
for hepatitis in a number of patients suspected of
having acute or chronic viral hepatitis. The
unknown pathogen was referred to as non-A non-B
hepatitis until the hepatitis C virus (HCV) was
identified in 1989 and was found to account for
hepatitis in the majority of these patients. However,
in approximately 5% of patients with liver disease,
no causative agent can be identified (2). It has long
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been suspected that additional hepatotropic viruses
will be discovered to account for some of these
cases, especially since approximately half of these
patients have a history of blood transfusion (2, 3).
Hepatitis G virus, identified in 1996, has proven to
be an unlikely candidate since an association with
hepatitis or any other disease has not been
consistently demonstrated (3). A novel virus
associated with post transfusion hepatitis was
identified in 1997 in three patients from Japan who
developed elevated serum aminotransferase levels
following transfusion and tested negatively for all
known hepatitis viruses (4). The virus (referred to
as TT virus for the initials of the patient in whom it
was isolated or "transfusion transmitted virus"
[TTV]) exhibited hepatotropism, and its titers
correlated with elevation in serum
aminotransferase levels suggesting that it was a
true hepatitis virus. However, the role of TTV in
pathogenicity of liver remains uncertain.

MATERIALS AND METHODS

Patients

A total of 100 consecutive patients with biopsy
proven chronic hepatitis, who visited the Out
Patient Clinic of Afzalipoor Hospital, Kerman,
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between April 2006 and May 2007, were included
in the study. The patients were diagnosed as
having hepatitis due to HBV, or HCV based on
polymerase chain reaction (PCR) technique .The
chronic state of the disease was determined by
conventional clinical, biochemical and histological
methods. The mean duration of the disease was 10
+ 6 months. Anti-HCV or HBsAg positive patients
with  persistently elevated alanine amino
transferase (ALT) levels (>70 IU/l), detectable
HCV RNA or HBV DNA in serum, and a liver
biopsy that indicates either portal or bridging
fibrosis or at least moderate degree of
inflammation and necrosis were included under
HCV or HBV related chronic hepatitis categories.
Patients with autoimmune liver disease, drug-
induced hepatitis and alcohol related injuries were
excluded. A group of 100 patients (chronic non-B,
non-C hepatitis) were seronegative for both HBV
and HCV markers as revealed by ELISA and PCR
studies. History of blood transfusion (HBT) was
recorded in 6 patients in this group. Another group
of 50 patients (chronic hepatitis B) was
seropositive for HBsAg and HBV DNA and
seronegative for anti-HCV and HCV RNA. Twelve
patients had HBT in this group. A total of 50
patients (chronic hepatitis C) were seropositive for
anti-HCV and HCV RNA and seronegative for
HBsAg and HBV DNA. Fourteen patients in this
group had HBT. The healthy controls (n=100)
were drawn from healthy men and women
voluntary blood donors with normal liver function
test (LFT) profiles and negative serology test
results, for HBV and HCV. Twenty five
individuals had HBT in this group.

Serology

Serum samples collected from all 100 chronic
hepatitis patients and 100 healthy control subjects
were included for serological tests for hepatitis B
and C viruses. Enzyme Linked Immunosorbent
Assay (ELISA) for detection of HBs Ag was
carried out by using commercial ELISA kit
(RADIM, Italy). Third generation ELISA kits were
used for detection of antibody to HCV (RADIM,
Italy). The analysis was based on the 200 patients
using SPSS 11.5 for Windows software (SPSS Inc.
Chicago, Illinois, USA). Prevalence and 95%
confidence intervals (95% CI) were calculated.

Molecular Test

Five ml of blood sample was collected from each
patient in a sterile container with 100 yl EDTA 0.5
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M and mixed. Plasma was separated and stored at
—80°C for further testing. Plasma samples of HCV
or HBV patients were obtained from Afzalipoor
hospital in Kerman, Iran. The 100 samples were
confirmed to be HCV or HBV positive by PCR
and RT-PCR Method. This test is a routine work in
our laboratory for detection of HCV and HBV.
Fifty samples were HCV Positive and 50 samples
were HBV positive, however 8 samples were both
HCV and HBV Positive. Viral DNA was extracted
from 200pl plasma by using QIAmp blood mini kit
(QIAGEN, Germany) and resuspended in 50pl
elution buffer.

DNA was stored at —80°C for further testing. All
samples were tested for the presence of TTV DNA
By semi-nested PCR. The method of PCR was
performed using specific primers for the 5’-UTR
genome regions in all samples, and this region is
highly conserved in the TTV (5).

PCR Protocol

Five pl of extracted DNA sample was added to 25
ul of reaction mixture containing 5 units Taq
polymerase, 0.01% gelatin, 0.6 uM of each primer,
200 uM of each deoxynucleotid triphosphate, 5 pl
of reaction buffer (50 mM KCI1, 10 mM tris-HCI,
pH = 8.3) and 1.5 mM MgCI2. TTV DNA was
determined by semi-nested PCR using primers
generated from the conserved region of the TTV
genome. The first round PCR was carried out with
5 pl of the extracted DNA using 10 pmol primer A
(sense: 5-ACA GAC AGA GGA GAA GGC AAC
ATG-3) and 10 pmol primer B (antisense: 5-
CTGGCATTT TAC CATTTCCAAAGT T-3) for
35 cycles at 94 -C for 30 sec, 58 °C for 30 sec, 72
°C for 30 sec with additional 7 min for a final
extension step at 72 °C. The second-round PCR
was performed with 2 pl of the product of the first-
round PCR using another sense primer C (5-GGC
AAC ATG TTA TGG ATA GAC TGG-3) and
primer B for 25 cycles under the same conditions.
Amplification product of the second-round PCR
(272 base pairs) was electrophoresed in 2%
agarose gel with proper markers (100bp Roche,
Germany) , stained with ethidium bromide, and
visualized under UV light. Standard precautions
were taken to avoid  sample-to-sample
contamination and PCR product carryover

(figurel).
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Results

In this study , 100 patients with HBs Ag positive
and Anti-HCV positive And 100 subjects from
general population were tested for TTV DNA by
PCR. Thirty seven out of 200 (18.5%) were
positive for TTV DNA. The result was confirmed
twice by PCR. The prevalence of TTV DNA
observed was 18.5% in our study. Twelve out of
50 samples that were HBs Ag positive, were also
positive for TTV DNA (24%) . Twenty out of 50
samples that were Anti —-HCV positive, were also
positive for TTV (42%) . Also four samples were
positive for HBs Ag, Anti -HCV and TTV DNA .
The study group consisted of 200 Subjects (120
males and 80 females; mean age: 50 years; range:
35 and 65 years) with chronic HBV or HCV
infections. The diagnosis of chronic hepatitis was
made on the basis of clinical and histological
results.
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Figure1: TTV PCR Agarose Gel electrophoresis
Ladder: MW marker (100bp) ,

P1: type-B hepatitis that TTV PCR was positive,
P2: type-C hepatitis that TTV PCR was positive,
P3: subject that TTV PCR was Negative,

N.C: Negative control

The age distribution between TTV-positive and
TTV-negative patients did not differ significantly.
The proportion of patients with blood transfusion
histories was higher in the TTV-positive group
than in TTV-negative group. The sex distribution
was not significantly different between TTV-
positive and TTV-negative groups. To evaluate the
correlation between TTV infection and hepatic

damage, the serum levels of ALT and AST were
measured in all subjects (data not shown). No
significant increase in serum ALT and AST was
observed in TTV positive Subjects, compared with
TTV negative subjects. In addition, TTV co-
infection did not elicit any further significant
increase in ALT and AST levels in patients with
chronic liver disease. Furthermore, no increase in
ALT and AST was observed in HBV or HCV
positive patients. These observations suggested
that there is no significant association between
TTV infection and hepatic injury in our study
subjects.

TTV DNA was detected in 12 of 50 patients (24%)
with type-B hepatitis, 21 of 50 patients (21%) with
type-C hepatitis patients, and 4 of 100 healthy
subjects (4%) with normal liver function profile
tests. The prevalence of TTV was significantly
higher in type-B hepatitis patients and type-C
hepatitis patients as compared with normal subjects
(Table 1). Among 100 samples which were
positive for HBV and HCV four of the samples
were positive for all three viral markers (HBV,
HCV, and TTV DNA).

Table 1: The prevalence of TTV infection
Subject n TTV (%)

General population™® 100 4(4%)

Type-B hepatitis patients 50 12(24%)

Type-C hepatitis patients 50 21(42%)

Total 200 37(18.5%)

*General population: Non B-Non C hepatitis
Discussion

In the present study, the prevalence of TTV in
patients with chronic liver diseases (33%) was
found to be higher than to that in healthy blood
donors (4%). Arankalle et al reported TTV
positivity only in HBV DNA positive subject of
chronic hepatitis patients. However, detailed
clinical data of the patients like age, sex, history of
blood transfusions were not studied. Several
studies have revealed high (1.9 to 36%) TTV DNA
prevalence in healthy control groups (7).

TTV may be acquired early in life, particularly in
countries with a high prevalence of viral infection
in the general population. A series from Japan
found that 5% of 197 children referred to a general
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pediatric center had TTV DNA detectable in their
serum (6). In another report from the Democratic
Republic of Congo, TTV was found in 61 out of
105 women (58%) attending an antenatal clinic and
36 of 68 (54%) of their infants (8). The virus can
be detected in the stool and bile of infected
patients, suggesting that it may be transmitted by
enteric rout (9, 10). A high prevalence of infection
has been found in patients with parenteral exposure
to blood. TTV DNA was detected in 44% of
patients with hemophilia in the United Kingdom
(11), and up to 75% in Japan (12, 13). A report
from China found a prevalence of 22% among
those with a history of intravenous drug use (14).
TTV was present in 84% of Italian patients with
transfusion-dependent beta thalassemia (15).
Elevated serum ALT levels have been found in 2-
5% of patients with an Anti —-HCV positive status,
but chronic HCV infection has a fluctuating
course, thereby causing fluctuations in ALT levels.
Therefore patient with normal ALT levels may, in
fact, have severe histological lesions in liver. In
this study, statistically no significant correlation
was found between TTV infection and, age, sex or
elevated ALT among positive samples.

Choosing the most efficient set of primers for the
amplification of a viral nucleic acid is important
when testing serum samples. In this study
amplification of TTV DNA was carried out with
three different sets of primers. A different PCR
sensitivity depending on the Region amplified was
observed when testing plasma. The set of primers
were derived from the 5-UTR region that was
highly conserved.

Preliminary reports in patients who have been
followed longitudinally have suggested a low rate
of viral clearance. As an example, TTV DNA
remained persistently detectable for 3 year in a
cohort of 19 patients (16). In another report, 97%
of 93 patients who were followed for 3 years
remained infected (15). A third series suggested an
annual clearance rate of approximately 7% (17).
However, many of the patients in these series had
exposure to blood products. Thus, the extent to
which the persistence of TTV DNA represents
chronic infection by a single genotype or the
acquisition of new genotypes remains uncertain.
Our findings indicated that TTV DNA is present in
patients with acute hepatitis of otherwise unknown
etiology, but a correlation of TTV titers and serum
aminotransferase ~ concentrations has  been
inconsistent; Therefore it remains unclear whether
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the virus was the cause of the liver disease or was
an incidental finding (18, 19, 20).
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