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SUMMARY: We investigated the prevalence and genotypic distribution of GB virus-C/hepatitis G virus (GBV-
C/HGV) and TT virus (TTV) in blood donors, mentally retarded children and four groups of patients living in
Eastern Anatolia, Turkey. The prevalence and genetic analysis of TTV were determined by using the primers of
the UTR and ORF1 regions of TTV, respectively. Reverse transcription nested (RT-n)-PCR was used to amplify
5" UTR of GBV-C/HGV. Genotyping of HGV was carried out by PCR-based genotyping assay while RFLP was
conducted to determine the genotypes of TTV. TTV DNA was detected in 118 of 410 sera tested, giving an
overall prevalence of 28.7%; GBV-C/HGV-RNA was detected in only 17 cases, giving an overall prevalence of
4.1%. No significant differences were observed in the number of positive or negative tests for GBV-C/HGV and
TTV according to duration of illness or mean duration of institutionalization in any of the groups studied.
Although all samples from the study population belonged to genotypes 1 and 4, the most common TTV genotype
is G2. In conclusion, our results indicate a low endemicity of GBV-C/HGV and TTV infection in Eastern Anatolia,
Turkey. The presence of G2 strains reveals the limited genetic diversity of the GBV-C/HGYV circulating in Turkey.

We suggest that TTV infection of genotypes 1 and 4 is prevalent in the same region.

INTRODUCTION

GB virus-C/hepatitis G virus (GBV-C/HGV) is an envelope
positive-stranded RNA virus with a genome of about 9.4 kb
belonging to the Flaviviridae family. It is distributed world-
wide, and at least five major genotypes of this virus have
been proposed based on sequence analysis of the 5" non-
coding region 5" (NCR) or E2 gene (1-3). GBV-C/HGV is
transmitted through blood transfusion and blood components
(4). Epidemiological data suggest that this virus can also
spread by sexual or vertical transmission (5,6), however, little
is known about other modes of transmission that could
explain its high prevalence and worldwide distribution. Dif-
ferent modes of transmission have been proposed to explain
the ubiquitous presence of this virus; for example, a high
prevalence (22 to 38%) of viral RNA has been reported in
populations with parenteral risk (7,8). However, similar preva-
lence rates have also been observed in groups with little or
no parenteral risk, such as blood donors (7-9).

The TT virus (TTV) is a non-enveloped virus with a single-
stranded circular DNA genome of approximately 3.8 kb (10).
The significant diversity of the TTV genome allows for its
classification into more than 30 genotypes at present (11,12).
Several studies have shown that TTV is distributed widely
throughout the world (13,14). Furthermore, undetected vari-
ants of TTV may also exist in unexamined countries. This
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virus may circulate among people by fecal-oral transmission,
and the environmental or lifestyle risks of acquiring TTV
infection from feces may differ by geographic region. It is
known that TTV differs from other enterically transmitted
viruses in that it can establish persistent infection (15), which
facilitates its transmission through parenteral and nonparenteral
routes in the general population. It has also been shown that
individuals at high risk of contracting parenterally transmitted
viruses, such as hemophiliacs, hemodialysis patients and
intravenous drug users, are particularly susceptible to this
infection (16).

Mentally retarded children, schizophrenic and leprosy
patients can be expected to behave in an uncontrolled fash-
ion with respect to personal hygiene. Therefore, the duration
of institutionalization, the manner of using the living envi-
ronment, and personal hygiene and behavioral factors such
as nail-biting, sucking fingers and the frequency of daily hand
washes may be factors that affect the prevalence of TTV and
GBV-C/HGYV infections in these groups. In addition, such
patients may be at high risk of acquiring TTV and GBV-C/
HGV since they undergo medical procedures related to bleed-
ing at their hospital of institutionalization.

To the best of our knowledge, the estimated prevalences of
TTV and GBV-C/HGYV infections in Turkey have not been
well-documented. Little is known about the genotype distri-
bution of GBV-C/HGV and TTV strains circulating in this
country. Therefore, the present study was undertaken to
elucidate the prevalence and genotype distribution of GBV-
C/HGV and TTV in blood donors, mentally retarded children,
schizophrenic patients, leprosy patients, and chronic hepati-
tis B and C patients living in the Eastern Anatolia region of
Turkey.



MATERIALS AND METHODS

Study population: This study was conducted between
September and December of 2003. A total of 410 patients
were included in the study: 125 blood donors, 88 mentally
retarded children, 56 schizophrenic patients, 43 leprosy cases,
51 chronic hepatitis B patients, and 47 chronic hepatitis C
patients. This study was performed according to the protocol
approved by the local Ethics Committee at the Firat Univer-
sity Medical School and was approved by the authorities of
Elazig Psychiatric Hospital and Elazig Leprosy Hospital.

Blood donors: The blood donor group consisted of 125
healthy volunteers (94 males, 31 females; age range between
15 and 70 [35.01 £ 10.96]). For the blood donors, inclusion
criteria were negative results for all hepatitis virus serologic
markers, the absence of any acute or chronic infection, and
being anti-HIV negative.

Mentally retarded children: All of the mentally retarded
children included in the study were attending public schools
for special education in the Elazig, Malatya and Diyarbakir
Provinces in the Eastern Anatolia region of Turkey. Eighty-
eight students (60 boys, 28 girls; age range between 6 and 25
[14.3 £4.5]) out of a total of 112 (78.5%) participated in the
study. These schools are educational institutions that offer 5
to 7 h of education per day and that accept students between
7 and 25 years of age and who have been defined by a
psychiatry clinic, pediatric psychiatry clinic or pediatric clinic
to have educable mental retardation (IQ > 25). Informa-
tion about the study and consent forms were prepared and
provided to the parents of the subjects. Thus, the parents were
informed, and their consent was obtained. In addition, a
survey form was filled out for each participant with the help
of the subject, his or her parents, and school records.

Schizophrenic patients: Fifty-six schizophrenic patients
(32 males, 24 females; age range between 17 and 73 [43.8 +
9.6]) who had been diagnosed according to Diagnostic and
Statistical Manual of Mental Disorders-IV criteria and were
hospitalized at the Elazig Psychiatric Hospital were included
in this study. The Elazig Psychiatric Hospital, where this study
was performed, is one of the biggest and oldest mental
hospitals in Turkey, and is a regional hospital of Eastern
Anatolia serving 18 surrounding provinces. The hospital has
a 400-bed capacity and a 5,200 m* garden for use by the
patients during remission. Since the majority (n = 52) of the
patients were in a remission period of their disorder, consent
was obtained directly from them. For the remaining patients,
a consent was obtained from their relatives (n = 2) or legal
guardians (n = 2). Data concerning age, sex, and number of
hospitalizations and follow-up periods were obtained from
the patients’ medical records and from the person giving
consent in each case.

Leprosy patients: Forty-three leprosy patients (28 males,
15 females; age range between 30 and 74 [59.35 £ 11.73])
were included in this study. All were hospitalized at Elazig
Leprosy Hospital, which is a regional hospital in Eastern
Anatolia serving 18 surrounding provinces. The hospital has
a 265-bed capacity and a 38.000 m? garden for the patients.
Informed consent was obtained directly from the patients.
Data concerning age, sex, and number of hospitalizations and
follow-up periods were obtained from the patients themselves
and their medical records.

Chronic hepatitis B and C patients: This group consisted
of 51 chronic hepatitis B (30 males, 21 females; age range
between 21 and 62 [38.4 & 5.3]) and 47 chronic hepatitis C
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(29 males, 18 females; age range between 17 and 67 [38.4 +
5.3]) patients who were under follow-up. In the diagnosis of
chronic hepatitis B, HBsAg positivity lasting more than 6
months and the absence of IgM antibody to hepatitis B core
antigen (anti-HBc) were taken as inclusion criteria (17).

Collection of blood samples: Venous blood samples (5
ml) were taken from each subject in all groups. Serum was
separated and stored at —80°C until use.

Serological markers of hepatitis B and C infection:
Hepatitis B virus serological markers (HBsAg, anti-HBs,
HBeAg, anti-HBe, IgM anti-HBc, anti-HBc total) and anti-
HCV (DiaSorin, Vercelly, Italy) were studied by commercial
ELISA Kkits in accordance with kit procedure using Tecan
Genesis RMP 100/4 (Zurich, Switzerland) equipment. Anti-
HIV was examined by the ELISA method and kits (HIV-1/
HIV-2; Abbott Co., North Chicago, Ill., USA).

Determination and genotyping of GBV-C/HGV by
reverse transcription nested (RT-n)-PCR assay: GBV-C/
HGV genotyping was performed by PCR as previously
described by Naito and Abe (18). Briefly, RNA was extracted
from 100-x1 serum samples by EZ-RNA Total RNA Isola-
tion kit (Biological Industries Co., Beit Haemek, Israel). The
5" untranslated region (UTR) of the GBV-C/HGV genome
was amplified with universal primers (HG1 and HG1R). Two
second-round PCRs were then carried out for each sample,
using the common universal antisense primer (HG2R) and
two different mixtures (Mix A and B) including the type-
specific sense primer pairs. A 2-/1 aliquot of the first PCR
product was subjected to two tubes containing the second
sets of each of the inner primer pairs, deoxynucleotides, Taq
DNA polymerase and PCR buffer under the same PCR
parameters as in the first reaction. In order to distinguish geno-
types 2 and 4 by agarose gel electrophoresis, we amplified
an amplicon 161 bp in length which is the same size as
genotype 4, as a marker, using pSV2-Cat cloning vector (acces-
sion number: M777788) as a template with the primer 1, 5'-
AATGTTGAGAGTCAGCAGTAGCC-3, and primer 2, 5'-
GAATCAGTA GTTTAACACAT-3’, that bind to pSV2-Cat
cloning vector at the 4450 and 4611 positions, respectively.
Amplified products were visualized after electrophoresis
through a 3% agarose gel stained with ethidium bromide.

Detection of TTV DNA by PCR: n-PCR was performed
with two sets of primer pairs. N-22 primer pairs were gener-
ated from the N-22 region of the open reading frame (ORF)-
1 of TTV DNA (16). Briefly, 40 £t1 of the TTV DNA pellet
was used as a template for first PCR with NGOS59 (sense: 5'-
ACA GAC AGA GGA GAA GGC AACATG-3") and NGO63
(antisense: 5- CGT GCATTT TAC CAT TTC CAAAGT T-
3") primers. Then, 3 11 of the first PCR product was used as
a template for semi-nested PCR with NGO61 (sense: 5'-GGC
AAC ATG TTA TGG ATA GAC TGG-3") and NGO63 primer
sets. UTR primer pairs were deduced from the 5" NCR of the
viral genome as previously described by Takahashi et al. (19).

Restriction fragment length polymorphism (RFLP)
analysis: In order to determine the genotypes of TTV,
specific restriction enzymes (Ndel, Pstl, Nlalll and Msel;
New Engand BioLabs, Beverly, Mass., USA) were used for
semi-nested PCR products. Digested products were run
through agarose gel and analyzed under UV light (20).

Statistical analysis: Mann-Whitney U test, chi-square and
Fisher’s exact chi-square test were used with the SPSS 10.01
package program for statistical analysis of the data.



RESULTS

The prevalence and genetic analysis of TTV were deter-
mined using the primers’ UTR and ORF1 regions of TTV,
respectively. The PCR results obtained from UTR and ORF1
are shown in Table 1. TTV DNA was detected in 118 of the
410 sera tested, giving an overall prevalence of 28.7%, and
GBV-C/HGV-RNA was detected in 17 of the 410 sera
(4.1%). For the genetic analyses of GBV-C/HGYV isolates,
we analyzed GBV-C/HGV 5'NCR sequences for all samples
obtained from the study population. Genetic analyses of TTV
isolates was performed using all samples obtained from the
study population.

Identification of restriction patterns obtained by restric-
tion enzyme analysis: Digestion of G1 with Ndel resulted in
169- and 102-bp fragments, and digestion of G5 resulted in
183- and 88-bp fragments. Digestion of G2 with Pstl resulted
in 147- and 124-bp fragments. TTV isolates, which were
digested by neither Ndel nor Pstl, belonged to G4 or G6
and were distinguished using restriction digestion by Nlalll,
which yielded 156- and 115-bp fragments. The results of PCR

tests for the GBV-C/HGV and TTV genomes, and genotype
distribution are reported in Tables 2 and 3, respectively.

Blood donors: Twenty-one of the 125 (16.8%) donor sub-
jects tested positive for TTV DNA. No positivity for GBV-
C/HGV was observed in this group. Ten and five of the TTV
samples belonged to G2 and G1, respectively. Mean blood
donation in this group was 1.64 + 0.24.

Mentally retarded children: Twenty-seven of 88 (30.6%)
mentally retarded children tested positive for TTV DNA and
3 (3.4%) tested positive for GBV-C/HGV RNA. RFLP analy-
sis of all TTV samples indicated that 6, 11, 2 and 1 samples
were classified as G1, G2, G3 and G4, respectively. HGV
genotyping by PCR revealed all three samples belonged to
G2. The mean illness and institutionalization periods in this
group were 14.3 £4.5 and 5.3 £ 1.3 years, respectively.

Schizophrenic patients: Fifteen of 56 (26.7%) schizo-
phrenic patients tested positive for TTV DNA and 1 (1.7%)
tested positive for GBV-C/HGV RNA. Three and 5 of the
TTV samples belonged to G1 and G2, respectively. The
sample that tested positive for HGV was classified as G2.
Duration of illness was longer than 10 years in all cases, and

Table 1. Prevalence of TTV viremia with primers for ORF1 and UTR in the study population

TTV viremia

Study population

Primers with ORF1

Primers with UTR

No. positive/total No. (%)

No. positive/total No. (%)

Blood donors

Mentally retarded children
Schizophrenic patients
Leprosy patients

Chronic hepatitis B patients
Chronic hepatitis C patients

Total

15/125 (12.0)
20/88 (22.7)
8/56 (14.2)
10/43 (23.2)
10/51 (19.6)
15/47 (31.9)

78/410 (19.02)

21/125 (16.8)
27/88 (30.6)
15/56 (26.7)
14/43 (32.5)
16/51 (31.3)
25/47 (53.1)

118/410 (28.7)

Table 2. TT virus DNA and GB-C/HG virus RNA prevalence and coinfection in study population

Mentally Schizophrenic Lenros Chronic Chronic
Blood donors retarded ation tls) agen tZ hepatitis hepatitis C
children p p B patients patients
n n+ (%) n nt+ (%) n nt+ (%) n nt+ (%) n n+ (%) n n+ (%)
HGV/GBV-CRNA 125 - 88 3(3.4) 56 1(L.7) 43 1(2.3) 51 4(7.8) 47 8(17.0)
TTV DNA 125 21(16.8) 88 27(30.6) 56 15(26.77) 43 14(325) 51 16(31.3) 47 25(53.1)
HGV/GBV-C RNA
+
TTV DNA 125 - 88 - 56 - 43 - 51 - 47 -

n: Number of samples, n+: Number of positive samples.
—: A minus sign denotes a negative test.

Table 3. TT virus and GB-C/HG virus genotypes in study population

. HGV/GBV-C TTV genotypes
Study population n genotypes n
Gl G2 Other Gl G2 G3 G4 Other
Blood donors - - - - 15 5 10 - - -
Mental retarded children 3 - 3 - 20 6 11 2 1 -
Schizophrenic patients 1 - 1 - 8 3 5 - - -
Leprosy patients 1 - 1 - 10 3 5 2 - -
Chronic hepatitis B patients 4 - 4 - 10 3 5 2 - -
Chronic hepatitis C patients 8 - 8 - 15 5 6 3 1 -
Total 17 - 17 - 78 25 42 9 2 -

n: Number of samples.
—: A minus sign denotes a negative test.
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the mean institutionalization period in this group was 6.14 +
1.1 years.

Leprosy patients: Fourteen of 43 (32.5%) leprosy patients
tested positive for TTV DNA and 1 (2.3%) tested positive for
GBV-C/HGV RNA. Genetic analysis of the TTV samples
showed that 3, 5 and 2 samples were classified as G1, G2 and
G3, respectively. Genotyping results of the positive GBV-C/
HGYV sample also belonged to G2. Of leprosy patients, 38
were lepromatous, 3 had tuberculoid leprosy and 2 had
borderline leprosy. Duration of illness was more than 10 years
in all cases, and the mean institutionalization period was
19.6 £5.2 years.

Chronic hepatitis B and C patients: Four of the 51
patients (7.8%) with chronic hepatitis B and 8 of the 47
patients (17.0%) with chronic hepatitis C tested positive for
GBV-C/HGV RNA. All samples (4 samples from hepatitis
B patients and 8 from hepatitis C) were identified as G2. Six-
teen of the 51 patients (31.3%) with chronic hepatitis B and
25 of the 47 patients (53.1%) with chronic hepatitis C tested
positive for TTV DNA. Genetic analysis of all TTV samples
(10 samples from hepatitis B patients and 15 from hepatitis
C) revealed that 8, 11, 5 and 1 samples were classified as G1,
G2, G3 and G4, respectively.

The highest prevalence of TTV (53.1%) was found among
chronic hepatitis C patients, followed by leprosy patients
(32.5%), chronic hepatitis B (31.3%), mentally retarded chil-
dren (30.6%) and schizophrenic patients (26.7%); the lowest
prevalence rate of 16.8% was seen among blood donors.
We observed no coinfection with GBV-C/HGV and TTV
in any groups. When all groups were compared, GBV-C/HGV
positivity was found to be significantly higher in chronic hepa-
titis C patients than in any other groups, and significantly
higher in chronic hepatitis B patients than in blood donors (P
< 0.05). TTV positivity in chronic hepatitis C patients was
significantly higher than in blood donors (P < 0.05). There
were no significant differences in the numbers of positive
tests for GBV-C/HGV and TTV according to the study popu-
lation, age or sex in any of the groups. Similarly, no significant
differences were observed in the numbers of positive or
negative tests for GBV-C/HGV and TTV according to dura-
tion of illness or mean duration of institutionalization in
leprosy patients, schizophrenic patients or mentally retarded
children.

DISCUSSION

Detection of genomic sequences by PCR has been the
primary method of choice used for the laboratory diagnosis
of GBV-C/HGV (21). It is generally recognized that the
5"UTR is the most conserved segment of the virus genome
and therefore, it is not unusual to find higher positivity rates
when that particular region is used for amplification. The
prevalence of GBV-C/HGV viremia in volunteer blood
donors in our study was lower (0%, none) than the reported
prevalence of 1.5 and 2.0% in volunteer blood donors in the
United States and Europe, respectively (4,22,23). To the best
of our knowledge, very little work has been carried out con-
cerning the prevalence of GBV-C/HGV in Turkey; thus, it is
difficult to state definitively that volunteer blood donors from
the Eastern Anatolia region of Turkey are free of or exhibit a
low prevalence of GBV-C/HGYV infection. The prevalence of
GBV-C/HGV among the chronic hepatitis B and C patients
in the present study does not appear to be significantly differ-
ent from previously reported rates ranging from 6.6 to 25.0%
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in several Asian countries (24,25). The detection rates for
hepatitis C patients were significantly higher than those seen
in our other study populations. These results indicate that
chronic hepatitis B and C patients are also at high risk for
GBV-C/HGV infections, possibly via common routes of
HBV/HCV transmission, such as blood transfusion (23). In
this study, the overall prevalence of exposure to this virus is
likely to be greater since only active HGV infection was
investigated.

TTV has been found to be extremely common in humans
with a prevalence which may exceed 90%, but its detection
relies mainly on PCR to amplify viral DNA (19). The wide
range of TTV prevalences reported in the world may reflect
real differences in prevalence rates or differences in the
sensitivity of the PCR method utilized to detect the virus
(19,26,27). In the present study, nucleic acids were extracted
from a convenience sample consisting of 410 serum samples
collected from Turkish residents. The use of N22-PCR pro-
tocol gave estimations for the prevalence of TTV infection
as 19.0%. With regard to the real prevalence of TTV infec-
tion, it is known that the interpretation of the results based on
a primer from ORF1 alone can be misleading (28). Indeed,
when the samples were re-examined by PCR using UTR-
specific primers, a significant number of previously negative
samples were identified as false negatives, allowing us to
correct the total estimated TTV infection prevalence to 28.7%.
This value is lower than those previously reported for
Turkish (51.6%), Japanese (92.0%) and Polish (78%) blood
donors (19,29,30). In the present study, we found that TTV
prevalence was comparable in all tested groups (with the
exception of significantly higher values in chronic hepatitis
C patients than in blood donors): mentally retarded children
(30.6%), schizophrenic patients (26.7%), leprosy patients
(32.5%), chronic hepatitis B (31.3%) and C (53.1%) and blood
donors (16.8%). Our data thus suggest that infection by TTV
in blood donors may not be very frequent in the Eastern
Anatolia region. On the other hand, we found no association
between TTV infection and institutionalization period or
duration of illness. Therefore, it may be concluded that
institutionalization, and mental or physical disabilities do not
constitute an additional risk for TTV infection.

In the present study, a new, rapid and sensitive genotyping
method based on type-specific PCR primers was used in
order to determine the GBV-C/HGV genotypes present in this
geographical area (18). In view of the present findings, all
isolates sequenced belong to genotype 2, the major genotype
described in American and European isolates (31). To the best
of our knowledge, there is only one report on HGV genotype
distribution indicating that genotype 2 is the dominant type
among renal transplant recipients in Izmir Province, located
in the western part of Turkey (32). Therefore, we believe that
this is the predominant genotype in Turkey. The presence of
only genotype 2 in Turkey is likely to reflect the European
and African origin of the population. Nevertheless, additional
investigations using serum samples from other geographic
regions of Turkey are required for further classification and
characterization of GBV-C/HGV.

Characterization of the TTV genotypes circulating in
our study population was carried out by RFLP analysis of
N22 nucleotide sequences (20). The analysis of all N22
nucleotide sequences provided evidence for the existence
of four major genotypes, G1, G2, G3 and G4, with most
belonging to G2 and G1. Nonetheless, the detected diversity
of viral genotypes may well be underrepresented because our



analysis was based on RFLP analysis of DNA sequences
amplified using N22-specific primers, which may fail to
amplify TTV strains other than those from genotypes 1-6
(16,20,26,33). Three major genotypes (1, 2 and 3) that are
prevalent worldwide were also recognized in this study.
The prevalent TTV genotype was found to be G2, which is
consistent with results reported for Western Anatolia, where
it appears to be more common (29). The present report is the
first in the literature to report the G3 and G4 genotypes in
Turkey. G3 is detected primarily in Europe (34) while G4 is
predominantly found in Asia (20). It is conceivable that the
virus was introduced to the eastern part of Turkey through
its close geographical proximity to Asian countries, while the
western parts of the country are distinct. In addition, a
considerable population from the region where this study was
performed works in European countries. Further studies will
elucidate the role of this diverse and highly prevalent virus in
Turkey.

In conclusion, our results indicate a low endemicity of
GBV-C/HGV and TTV infection in the Eastern Anatolia
region of Turkey. This study also demonstrates that the
prevailing GBV-C/HGV genotype in the studied region is G2.
The presence of strains belonging to G2 reveals the limited
genetic diversity of the GBV-C/HGYV circulating in Turkey. We
suggest that TTV infection by genotypes 1 and 4 is prevalent
in the same region. We also conclude that institutionaliza-
tion and mental or physical disabilities do not constitute an
additional risk for TTV infection.
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