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Abstract

Background: Torque teno virus (TTV) belongs to the Circoviridae family and was separated from Japanese patients with elevated levels of serum
alanine transferase for the first time. Following this, extensive studies have been carried out around the world.

Objectives: The present study was designed to investigate and determine the frequency of TTV genotypes in patients with chronic hepatitis Band C
in Ahvaz city in 2012.

Patients and Methods: Samples from 30 patients with chronic hepatitis C and 30 patients with chronic hepatitis B were studied and compared
with 30 healthy subjects as controls. TT virus DNA was investigated using semi-nested PCR. The basic primers used were 5 UTR.

Results: Out of the 90 specimens tested, nine samples (10%) were TTV-DNA positive. Of the hepatitis C samples, four samples (13.3%) were positive. Of
the hepatitis B samples, two (6.67%) were positive and 3 (10%) of the control group samples were positive. Both tth4 and tth31isolates were separated.
Conclusions: TTV is a DNAvirus, but its genetic diversity is increasing. The PCR methods used were not efficient enough and were not able to identify
the types of TTV in blood. The frequency obtained from our study is inconsistent with some countries but is consistent with a study conducted in
India. In general, a relationship between sex and age and the prevalence of TTV was not found, and this result is the same as most other studies.
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1. Background

Torque teno virus (TTV) is the first human circovirus
that was isolated from Japanese patients with unknown
hepatitis in late 1997. TTV belongs to the Circoviridae fam-
ily(1,2). TTVisanon-enveloped virus with a single stranded
circular DNA genome, and TTVis resistant to killing (3). TTV
hastwo openreading frames (ORF), ORF-1and ORF-2 (4).The
prevalence and genetic analysis of TTV were determined by
using the primers of the UTR and ORF-1 regions (5), the 5’
UTR region that is located below the TATA box. The UTR
is partially conserved among different genotypes and is
more accurate for determining the prevalence of TTV. Us-
ing primers of 5° UTR allows for prediction of more accu-
rate prevalence. Through analysis of the N22 with the ORF-1
virus, the genotypes of the virus have been identified and
differ by more than 30%. The high genetic diversity of the
virus makes detection by PCR extremely difficult. A primer
should be selected that has the ability to identify the maxi-
mum number of virus genotypes. A semi-nested PCR tech-
nique was used to replicate the virus (1). TTV has 40 geno-
types from five major phylogenetic groups (6).

People who are exposed to blood and blood products
can be co-infected with multiple strains of TTV (7). TTV is
frequently separated from patients with acute or chronic
hepatitis. TTV infection is common among blood donors,

as well as patients with liver disease, including cirrhosis
and cryptogenic disease, TTV was initially introduced as a
new hepatitis agent (8). The high prevalence of TTVamong
those exposed to blood transfusions has been observed. It
seems that the prevalence of TTV in hemodialysis patients
who have received a kidney transplant is also high (9). In
addition, TTV has been found in bile, liver and feces, and
reproduction within the bone marrow has also been seen
(10). The high potential for transmission of TTV through
blood and blood products and high levels of TTVin the liver
(8) create the necessity to investigate the prevalence of the
virus in blood donor populations and people with hepati-
tis (1).

2. Objectives

Given the prevalence of hepatitis B and C patients in
Ahvaz, we aimed to determine the prevalence of TTVin hep-
atitis patients in Ahvaz.

3. Patients and Methods

Our study was a cross -sectional study and included
samples of 30 patients with hepatitis B and 30 patients
with chronic hepatitis C, who were confirmed by the
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Danesh laboratory of Ahvaz. Samples were collected from
January 2011 to June 2012. Patients with AIDS, cirrhosis and
acute hepatitis B and C were excluded from the study. Af-
ter matching for the age and sex of patients, blood sam-
ples from 30 healthy subjects to be used as controls were
prepared. All samples were transferred to the department
of medical virology. Serum samples were isolated and
were stored at-70°C. TTV-DNA was extracted from the sam-
ples using a high pure viral nucleic acid kit (Roche, Ger-
many). The DNA virus was replicated with a semi-nested
PCR method using the primers 5-UTR. After blast to NCBI,
takapouzist made primers. NGO054 and NG147 primers
were used for the first round of PCR reaction, and NG054
and NGI132 primers were used for the second round of PCR
reaction (1). Primer sequences are shown in Table 1.

Table 1. Primer Sequences

Primer Name Detected Region Primer Sequence

NGO54 5" UTR 5’-TTT GCT ACG TCA CTA ACC AC -3

NG147 5" UTR 5’-GCC AGT CCC GAG CCC GAATTG CC
EY

NG132 5" UTR 5’- AGC CCG AAT TGC CCC TTG AC-3’

The first round of PCR was performed in 25 pL mix-
ture, containing 0.25 ;L of NG054 primer, 0.25 L of NG147
primer, 2.5 L 10x PCR buffer, 0.5 L dNTPs, 10 pL template,
0.2 uL Taq DNA polymerase, 10.8 L PCR water and 0.5 pL
MgCl,. Also, PCR water was used as a negative control. A
positive control was prepared from the blood transfusion
center in Tehran, Iran. PCR thermal cycling conditions con-
sisted of 94°C for 5 minutes 1 cycle. 94°C for 1 minute, 60°C
for 1 minute, 72°C for 1 minute 40 cycles and a final exten-
sion of 72°C for 10 minutes. After the first round of PCR, the
first round PCR product was used as the DNA template for
the second round. The second round of PCR was performed
in 25 ;L mixture containing 0.25 ;L of NG054 primer, 0.25
L of NG132 primer, 2.5 L 10x PCR buffer, 0.5 pL dNTPs, 7
L template, 0.2 pL Tag DNA polymerase, 13.8 uL PCR wa-
ter and 0.5 uL MgCl,. The program of the second round of
PCR was similar to the first round, however, the extension
was at 55°C for 1 minute, and the number of cycles was re-
duced from 40 cycles to 35 cycles. At the end the PCR, the
products (220) were electrophoresed in 2% agarose gel for
30 minutes at 100 voltage, stained with SafeStain and pho-
tographed under ultraviolet light. In addition, a positive
control (blood transfusion center, Tehran, Iran), negative
controlsand aDNA 50 bpladderasa DNA molecular weight
size marker were used.

4. Results

Among 60 samples from patients with chronic hepati-
tis B and C, there were 40 males and 20 females. Among
males, 24 patients had chronic hepatitis C, and 16 patients
had chronic hepatitis B. Among females, six patients had
chronic hepatitis C, and 14 patients had chronic hepatitis
B. Healthy subjects consisted of 20 males and 10 females.
TTV-DNA was detected in nine out of 90 (10%) samples. The
image of the gel is shown in Figure 1.

Figure 1. TTV Positive Has 220 bp

Ladder 50bp Cg‘ifol

Pos o sample Sample  Sample
Control

Left to right: lader 50 bp; negative control; positive control; positive samples.

In detail, the separation of the nine samples was:
six samples were males and three samples were females;
three samples belonged to healthy subjects, six samples
belonged to hepatitis patients (four samples to patients
with chronic hepatitis C and two samples to patients with
chronic hepatitis B); four samples of chronic hepatitis C pa-
tients consisted of one female in the age range of 50 - 55
and three males in the age ranges of 20 - 25,30 - 35 and 40
- 45. The two samples of chronic hepatitis B patients con-
sisted of one female and one male and belonged to the age
range of 25-30 and 45 - 50, respectively. The three samples
of healthy subjects consisted of one female in the age range
of 45-50 and two males in the age ranges of 15 - 20 and 20
-25.

The prevalence of TTV among chronic hepatitis Band C
patients was (10%). The prevalence of TTV among chronic
hepatitis B patients was (6.67%). The prevalence of TTV
among chronic hepatitis C patients was (13.3%), and in
healthy subjects was (10%). The prevalence of TTV among
the general population was (10%). The number of patients
and the prevalence of TTV in the age ranges is shown in Ta-
ble 2.
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Table 2. Number of Patients and Prevalence of TTV in Age Ranges®

Age Patient Healthy Subjects
range
Number Sex HBV HCV TV Number Sex v
Female Male Female Male Female Male HBVin HCVin HBVin HCVin Female Male Female Male
Female Female Male Male

15-20 3 2 1 2 1 0 0 0 0 0 0 1 0 1 0 1
20-25 7 2 5 1 2 1 3 0 0 0 1 4 1 3 0 1
25-30 9 5 4 5 2 0 2 1 0 0 0 6 1 5 0 0
30-35 15 2 13 1 1 1 12 o 0 o 1 3 1 2 0 o
35-40 6 1 5 0 4 1 1 0 0 0 0 3 1 2 0 0
40-45 7 1 6 0 2 1 4 0 0 0 1 2 1 1 0 0
45-50 5 3 2 2 2 1 0 0 0 1 0 3 1 2 1 0
50-55 3 1 2 0 1 1 1 0 1 0 0 2 1 1 0 0
55-60 2 1 1 1 0 0 1 0 0 0 0 2 1 1 0 0
60-65 1 1 0 1 o 0 o o 0 0 o 2 1 1 0 o
65-70 1 0 1 0 1 0 0 0 0 0 0 1 0 1 0 0
70-75 1 1 o 1 0 0 0 0 0 0 0 1 1 0 0 0
Total 60 20 40 14 16 6 24 1 1 1 3 30 10 20 1 2

2Total positive TTV for patients = 6 and healthy subjects =3.

Two positive samples were sent to takapouzist for se-
quencing and both isolates, tth4 and tth31, were separated.
Statistical analysis was conducted using the Chi-Square
and t-test. P values of less than 0.05 were considered to be
significant. However, in this study there was no significant
association between positive TTVand age (P> 0.05) (Tables
3 and 4). Also, no significant association between positive
TTV and sex was found (P> 0.05) (Tables 5 and 6).

Table 3. Association Between Positive TTV and Age®

TIV Number Mean + SD Std. Error Mean
] 81 38.44 +13.561 1507
1 9 35.11 & 13.448 4.483

T-test; Group statistics.

As seen in Tables 3 and 4, analysis showed an associa-
tion between age and positive TTV. The t-test was used to
indicate the association between age and positive TTV. Age
was considered the dependent variable and the indepen-
dent variable was positive TTV. The number of samples,
mean, standard deviation and standard error for the de-
pendent variable (age) are shown separately, and the TTV
variable is defined for two groups. The number one indi-
cates a positive TTV and the number zero indicates a neg-
ative TTV. Also, Levene’s test for equality of variances is
shown. The results of the t-test for equality of means are
shown in Table 4. The information that is reported on the
equal variances line was not assumed for the t-test results
when variances were not equal. The values for t, degrees
of freedom (df) and p are also reported. In addition, the
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mean difference and standard error difference, as well as
the 95% confidence interval of the difference are shown.
Equal variances assumed tests often are used, because it is
assumed variances are equal, A variance to the overall vari-
ance used for most accurate estimate of the common vari-
ance obtained. The Pvalue is 0.486, showing that there was
no significant association between positive TTV and age.
In Tables 5 and 6, the association between sex and pos-
itive TTV, as determined through analysis, is shown. We
used the Chi-Square test to indicate the association be-
tween the two independent variables. The number one in-
dicates a positive TTV and the number zero indicates a neg-
ative TTV. Also, F indicates female and M indicates male pa-
tients. The P value in this case indicated that there was no
significantassociation between positive TTVand sex (P> 1).

5. Discussion

Previous epidemiological studies have been unable to
estimate the true prevalence of TTV. Because of this, there
isnota full understanding of the immune response gener-
ated by the presence of the virus in the host (11). Different
prevalence rates of TTV have beenreported in blood donors
of different countries. For example, rates of 62% of blood
donors in Italy (12), 28% of blood donors in China (13) and
42% of blood donors in Iceland (14) have been reported.
In addition, the reports of the prevalence of TTV can even
varyindifferentareas of a country, which indicates that the
prevalence of TTV is associated to features of the genome
(3,10).

This study was performed to determine the prevalence
and genotypes of TTV in patients with chronic hepatitis B
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Table 4. Results of Independent Samples Test

Age Levene’s Test* T-test for Equality of T-test for Equality of Means
F sig. t df Sig. (2-tailed) Mean = SD Difference 95% CI°
Lower Upper
Equal variances assumed 0.068 0.794 0.700 88 0.486 3.333 4= 4.761 -6.129 12.795
Equal variances not assumed NA NA 0.705 9.897 0.497 3333 £ 4.729 -7.219 13.886

Abbreviation: NA, not available.
*Levene’s test for equality of variances.
b95% confidence interval of the difference.

Table 5. Association Between Positive TTV and Sex*®

Sex TIV Total
(V] 1

Female 27(90.0) 3(10.0) 30(100.0)

Male 54(90.0) 6(10.0) 60 (100.0)

Total 81(90.0) 9(10.0) 90 (100.0)

*Values are expressed as Count (within Sex%).
bSex*ttv; Crosstab.

and C and healthy subjects. In this study, primers from
the 5’ UTR region were used. The prevalence of TTV among
chronic hepatitis B and C patients was 10%, and the preva-
lence of TTV among chronic hepatitis B patients was 6.67%.
The prevalence of TTV among chronic hepatitis C was 13.3%
and in healthy subjects was 10%. A study from Saudi Arabia
by Almozaini et al., using 5’ UTR primers, on blood donors
and hepatitis patients reported that DNA of TTV was de-
tected in 101(50.5%) out of 200 healthy blood donors. Also,
DNA of TTV was detected in 39 (88.8%) out of 45 patients
with chronic hepatitis and in 70 (70%) out of 100 patients
with chronic hepatitis. Also, they detected a prevalence of
TTV in 7 (12.5%). out of 56 non-A-G hepatitis patients (15).
These results differ from the results of this study. This dif-
ference may be due to the geographical distribution of TTV,
heterogenecity and the variability of the genome (16, 17).

Another study from India by Asim et al., using 5° UTR
primers, reported TTV-DNA was detected in 20 (21.5%) out of
93 samples from patients with chronic hepatitis, including
chronic hepatitis Band C patients, hepatitis G patients, and
non-A-G hepatitis patients. In this study, TTV-DNA was de-
tected in 10.8%, 7.5%, 1.1% and 2.2% of patients with chronic
hepatitis B, chronic hepatitis C, hepatitis G and non-A-G
hepatitis patients, respectively (8). These results are simi-
lar to the results of this study. The similar results in both
studies are justified, because the same primers were used
and the number of samples was similar.

In another study in India by Irshad et al. on chronic

hepatitis patients and healthy subjects, N22 primers were
used and TTV-DNA was detected in 26 patients with chronic
hepatitis (23.4%) out of 111 and in 27 (27%) out of 100 healthy
subjects (6). Given that the primers used in both studies in
India were different, the expected prevalence of TTV using
the 5’ UTR primers was higher than the prevalence of TTV
using the N22 primers.

The genome of TTV is classified into 40 genotypes (2).
The most common global genotypes of TTV are 1,2 (18). The
predominance of genotype 1a was observed in north India
(8), while the most common genotype in hepatitis patients
and healthy subjects in Saudi Arabia is 2c (15). The most
common genotype of TTV in hepatitis patients in Iran is
genotype 11 (1).

Two positive samples were sent to takapouzist for se-
quencing and both the tth4 and tth3iisolates were sepa-
rated. Nucleotides were aligned in NCBI and the same was
done with the strains of TTV, however, the genotypes of the
isolates were unknown. In Figure 2 the phylogenetic tree
and isolates of TTV are depicted by the use of Mega5. The
high prevalence of TTVis observed by using 5’ UTR primers
in hepatitis patients and healthy subjects. This study did
not obtain a high prevalence of TTV, perhaps due to:

1. TTVis a DNA virus, but its genetic diversity is increas-
ing. The PCR methods used were not efficient enough, and
they were not able to identify the types of TTV in blood (12).

2. Diagnosis of TTV by PCR depends on viral load. If the
number of copies of the virus is low, negative test results
are likely (18).

3. Some patients, at the time of sampling, received
medications or treatment (e.g., ribavirin and interferon)
(19,20).
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Table 6. Results of Chi-Square Tests

Value

df Asymp. Sig. (2-sided) Exact Sig. (2-sided)

Exact Sig. (1-sided)

Pearson’s Chi-Square
Continuity Correction”

Likelihood Ratio

0.000%
0.000

0.000

1 1.000

1 1.000

1 1.000

Fisher’s Exact Test

N of Valid Cases 90

1.000 0.633

44

0.1

TT Virus Genotype 1a

TT Virus Genotype 1a DNA Complete Genome

TT Virus Isolate JA9 Complete Genome

Torque Teno TUSO1 Genotype 11

TT Virus Isolate T3PBGenotype 3

Torque Teno VirUS 8 DNA Complete Genome Genotype 22
Torque Teno Virus DNA Complete Genome Genotype 23
5-50-54 (Ahvaz Isolate)

Torque Teno Virus Isolate tth31 Complete Genome

38 tth4 Complete Genome

34 Torque Teno Virus Isolate Isfahan 2005 Non-Coding Region

51-50-132(Ahvaz Isolate)

45 Torque Teno Virus DNA Complete Genome Isolate: CT39F
£ TT Virus Isolate TTV-SC894 Clone 05 Non - Coding Region

TT Virus Isolate US35 Genotype 2
100 I:TT Virus Isolate US32 Genotype 2

TT Virus Genotype 21 Patient 179 Gene 5 UTR

Porcine Circovirus 2 Strain QDH1104 Complete

Genome

Figure 2. Phylogenetic Tree and Isolates tth4 and tth31 Depicted by the Use of Mega5s
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