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Background: GB Virus C is a blood-borne virus and a member of Flaviviridae, like hepatitis C that is distributed globally and puts
hemodialysis patients at high risk of developing liver disease. The clinical significance of GBV-C in this population remains unclear.
Objectives: The current study aimed to evaluate GBV-C infection among hemodialysis patients.

Patients and Methods: Totally, 149 patients receiving hemodialysis were included in the study. The detection of GBV-C sequences in
plasma was done by the nested Reverse transcription polymerase chain reaction (RT-PCR) using specific primers selected from highly
conserved regions of 5' UTR of GBV-C and antibodies to the envelope protein of GBV-C (anti-E2 GBV-C antibody) were analyzed by also
serological methods. In addition, Hepatitis B surface antigen (HBsAg), Hepatitis B core antibody (HBcAb) IgM, anti- Hepatitis C virus (HCV)
and anti- hepatitis E virus (HEV) Ab was determined in patients who were GBV-C RNA and anti-E2 GBV-C antibody positive.

Results: The total prevalence of GBV-C infection was 14.7% (95%CI: 0.09-0.21) among patients receiving hemodialysis. The rate of GBV-C
viremia and anti-E2 antibody positivity were 6.04% and 10.73%, respectively. Among the subjects who were positive for GBV-C, 27.27% (95%
ClI: 0.02-0.09), 45.45% (95% CI: 0.03-0.11), 59.9% (95% CI: 0.06-0.16) and 0% (95% CI: 0.01-0.07) were positive for anti-HCV, anti-HBsAg, anti-HBc
IgM and anti{HEV) Ab, respectively. In addition, the rate of both anti-HBc IgM [anti-HCV| HBsAg and anti-HBc IgM [anti-HCV positivity in
GBV-C infected cases were 9.09%. The liver enzymes were normal in all of them. There was significant difference between GBV-C exposures
with viral hepatitis co-infection, but there was no correlation between GBV-C exposure with gender, age, ethnicity, time on dialysis and
history of blood transfusions. A relatively high frequency of positivity GBV-C-exposure among hemodialysis patients suggested that the
transmission route for GBV-C may be nosocomial transmission, and via transfusions.

Conclusions: The current study found a relatively high frequency of positivity GBV-C-exposure among the patients receiving hemodialysis
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in the area understudy. Nosocomial transmission seems to be the main route of GBV-C infection in the area.

1. Background

The GB virus C is a newly identified human RNA virus
which belongs to the Flaviviridae family (1). The GBV-C
genome encodes a polyprotein of approximately 3000
amino acids that contains at least two structural pro-
teins as Envelope protein 1 (E1) and Envelope protein 2
(E2) and also non-structural proteins NS2 to NS5 (2). It is
closely related to the hepatitis C Virus (HCV) but is more
common than HCV among healthy blood donors (3).
Transmission via the blood-borne route is the common-
est mode, although vertical and sexual transmission is
well documented (4, 5). GBV-C is distributed globally; its
prevalence in the general population is tenfold higher in
African countries than in non-African countries (4). Pa-
tients on maintenance hemodialysis are at increased risk
of the novel GBV-C infection (6). In these patients, GBV-C
viremia is persistent for many years with uncommon re-

covery (7).

Hepatocarcinogenicity of GBV-C is an important key
question that remains controversial (1, 4, 8). The reports
seem conflicting. A few investigations demonstrated their
association with hepatitis and cirrhosis of the liver and
possible presence in hepatocellular carcinoma. It was also
observed in hematological disorders and malignancies
(9). Several reports have noted an association between
GBV-C and hepatitis-associated aplastic anemia besides
other hepatitis causing viruses (10). Nevertheless, Most
of the results showed that GBV-C infections are asymp-
tomatic, transient, and self-limiting, with slight or no el-
evation of alanine aminotransferase (ALT). These findings
suggested that GBV-C itself is not an important cause of
hepatitis, and co-infection with GBV-C does not alter the
clinical course of community acquired hepatitis A, B or
C (4). Meanwhile, interestingly, GBV-C co-infection has a
beneficial effect on survival and progression to Human
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Immunodeficiency Virus Infection (AIDS) in patients in-
fected with Human Immunodeficiency Virus (HIV) (9, 11).
Nevertheless, an association between GBV-C and HBV and
pathogenesis of NHL (non-Hodgkin’s lymphoma) could
propose the potential participation of this viral infection
in the pathogenesis of NHL (12). Therefore, further investi-
gations are necessary to provide more information.

2. Objectives

The current study aimed to assess the relationship be-
tween the prevalence of GBV-C RNA and that of antibody
to the putative E2 protein (anti-E2) among the patients
receiving hemodialysis referred to the Fifth Azar Medical
Centre in Gorgan, Iran, and also to decide reappraisal to
screen blood supplies for transfusion-transmitted infec-
tion agents such as GBV-C.

3. Patients and Methods

3.1. Patient Samples

This cross sectional study was carried out in a hemodi-
alysis unit in Gorgan, Iran, from June 2012 to July 2012. The
study and sampling was approved by the Ethics Approval
Committee of Faculty of Medical Sciences, Golestan Uni-
versity of Medical Sciences under No.1005-900428-03¢ on
July 2012 and the informed consent was obtained from the
patients. Plasma from all 149 (census method) patients re-
ceiving hemodialysis were aliquoted and stored at -20°C
and -70°C until use. Demographic and other medical in-
formation were obtained from their medical records.

3.2. RNA Extraction

Briefly, RNA was extracted from 200 nL of EDTA (Merck,
Germany) anticoagulated plasma by a commercially
available kit (High Pure Extraction Kit; Roche Diagnostics
GmbH, Mannheim, Germany). Negative (GBV-C RNA neg-
ative plasma) and positive (GBV-C RNA positive plasma)
controls were included in each run.

3.3. GBV-C Reverse transcription polymerase chain
reaction (RT-PCR)

The nucleic acid was used directly for reverse transcrip-
tion polymerase chain reaction (RT-PCR) for cDNA syn-
thesis by a commercial Transcriptor First Strand cDNA
Synthesis Kit (Roche Diagnostics GmbH, Mannheim,
Germany). The cDNA was synthesized from 1.75 uL of
extracted RNA at 25°C for 10 minutes, at 50°C for one
hour, and at 85°C for five minutes. Each 10 uL RT master
mixture contained ImM dNTP, 60 uM random hexamer
primer, 10 U transcriptor reverse transcriptase, 20U
RNase inhibitor, 2.5 uM anchored oligo (dT) primer and
2 uL 5X RT buffer.

3.4. Nested- PCR Reaction

polymerase chain reaction (PCR) amplification was per-

formed for the presence of GB virus C RNA with primers
HG1, HGIR for the outer primer pairs (262 bases) and HG2,
HG2R for the inner primer pairs (188 bases) from highly
conserved regions of 5'untranslated region (5' UTR) of
GBV-C PNF2161 isolate based on the reference sequences
from GeneBank, as described elsewhere (13, 14). The se-
quences and positions of the primers used are shown
in Table 1. All PCR contamination precautions were ob-
served; and negative controls using sera from subjects
with no GBV-C markers were obtained from Digestive
Disease Research Institute of Shariati Hospital, Tehran
University of Medical Sciences, Iran. Polymerase chain re-
action procedure was carefully optimized.

The first-round PCR amplification was performed in a 25
pLreaction volume, containing 1L cDNA, 10 pmol of each
of the universal outer forward and reverse primers (Table
1), 0.2 mM of each deoxynucleotide (ANTP) (Genet Bio (A
type), Korea), 1.25 U of Taq DNA polymerase (Genet Bio (A
type), Korea), 1.5 mM MgCl2 (Genet Bio (A type), Korea)
and 2.5 pL 10X PCR buffer (Genet Bio (A type), Korea). The
reactions were performed in a thermal cycler (PeQlab,
Erlangen, Germany). The reagents for the second PCR
round were the same as the ones used in the first round
but the used template amount was 0.5 pL. For the second
PCR round, the PCR master mixture contained: Reactions
were performed in a Peq Lab thermal cycler (Primus Ad-
vanced 96 thermal cycler, USA) programmed as follows:
95°C for five minutes; 30 cycles of 94°C for 50 seconds,
55°C for 40 seconds, and 72°C for 50 seconds; and 72°C for
five minutes. Amplification was also done for the second
round; 95°C for five minutes; 25 cycles of 94°C for 50 sec-
onds, 70°C for 40 seconds, and 72°C for 50 seconds with a
final extension at 72°C for five minutes.

3.5. Detection

The PCR products were electrophoresed in a 2% agarose
gel, stained with ethidium bromide, and visualized by UV
illuminator (Figure 1).

3.6. Serological Markers

Anti-E2 antibody of sera was measured by an en-
zyme linked immunosorbent assay (GBV-C Ab ELISA kit,
Rapidtest, USA). Of these, the positive GBV-C RNA + and
anti-E2 GBV-C|GBV-C + sera were tested for hepatitis B
surface antigen (HBsAg), hepatitis B core antibody (HB-
cAb IgM), hepatitis C antibody (anti-HCV), and hepatitis
E antibody (anti-HEV) by commercial enzyme-linked im-
munosorbent assay (DS- EIA- HBs-0.01; Fourth Generation
Elisa Kit-Italy, DS- EIA-ANTI-HCV; Fourth Generation Elisa
Kit- Italy, HBcAb IgM-DiaPlus Inc; Third Generation Elisa
Kit- Italy and HEV Ab-DiaPro. Inc., and Third Generation
Elisa Kit- Italy respectively). Results were interpreted pre-
cisely, according to the manufacturer’s instructions.

3.7. Statistical Analyses

Prevalence and 95% confidence intervals (CI) were cal-
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culated. Chi-square test or Fisher’s exact test were per-
formed to evaluate the distribution of characteristics
associated with GBV-C infection. Statistical significance
was assessed at 0.05 probability level in all analyses. Data
were analyzed using SPSS software, version 16.

4.Results

Plasma samples of 149 patients who receive hemodialysis,
74 males, 75 females, mean age: 56 +15.92 years, age range:
15 to 90 years, were tested. The total prevalence of GBV-C
exposure was 14.7% (95% CI: 0.09-0.21) among the patients
receiving hemodialysis, the rates of GBV-C viremia and an-
ti-E2 GBV-C positivity were 6.04% (9/149) and 10.73% (16/149),
respectively. Besides, three cases (2.01%) had both markers.
In most of the cases (59%), the presence of anti-E2 GBV-C an-
tibody was associated with clearance of GBV-C from plas-
ma. Among 22 subjects who were GBV-C positive, 15 (68.18%)

were positive for at least one viral marker, six (27.27%) were
positive for anti-HCV, 10 (45.45%) were positive for anti-HBs,
13 (59.9%) were positive for anti- HBc IgM, two (9.09%) were
positive for anti-HBc IgM Janti-HCV/HBsAg, and two (9.09%)
were positive for anti-HBc IgM [anti-HCV, while the co-infec-
tion between GBV-C and HEV was not observed. The levels
of liver enzymes were normal in all of them.

There was statistically significant difference between
GBV-C exposure and viral hepatitis co-infection and his-
tory of addiction (P < 0.00 and P < 0.01, respectively)
(Table 2). GBV-C was detectable in 17% of the 51 to 55 year-
old cases, and the most cause of renal failure in GBV-C
positive patients was diabetic nephropathy (45.45%) (not
shown in the table). All 22 GBV-C positive patients had
a history of transfusion but one (4/54%) patient. GBV-C
exposure did not correlate with gender, age, ethnicity,
duration of dialysis, and history of blood transfusions or
time on dialysis.

Table 1. Sequences and Positions of Primers Used for the Amplification of GBV-C Genome

Primer Region Position Polarity Sequence (5'to 3')

HG1 5'UTR 139 -158 Sense 5'-GGTCGTAAATCCCGGTCACC-3'
HGIR 5'UTR 381-400 Antisense 5'-CCCACTGGTCCTTGTCAACT-3'
HG2 5'UTR 163 -182 Sense 5'-TAGCCACTATAGGTGGGTCT-3'
HG2R 5'UTR 331-350 Antisense 5'-ATTGAAGGGCGACGTGGACC-3'

Table 2. Comparison of Variables Between Patients Positive and Negative For GBV-C in Unit of Hemodialysis Treatment

Variable Total-GBV-C (+) NO =22 (100) Total-GBV-C (-)NO =127 (100) P-Value
Gender 0.33
male 13(59.1) 61(48.03)
Female 9(40.90) 66 (51.97)
Ethnicity 0.24
Fars 15 (68.19) 102 (80.31)
Turk 0 1(0.79)
Turkman 3 (13.63) 4(3.14)
Sistani 4 (18.18) 18 (14.18)
Cossack 0 2 (1.58)
History of addiction 0.01
Positive 1(4.55) 0
Negative 21(95.45) 127(100)
History of blood transfusion 0.8
Positive 3 (13.64) 19 (14.96)
Negative 19 (86.36) 108 (85.04)
History of hepatitis 0
Positive 3(13.64) 3(13.64)
Negative 19 (86.36) 19 (86.36)
Age,y mean: 54.32 £12.56 median: 53 mean: 55.23 £16.47 median: 57 0.9
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5. Discussion

The new hepatitis G virus/GBV-C was discovered in 1995.
The structure of the virus, its genotypes, the clinical fea-
tures of the disease, routes of viral transmission, and
the types of co-infection have been almost completely
described (15). The present study represents the first
investigation of GBV-C infection among the patients re-
ceiving hemodialysis in Golestan Province, North East
of Iran. Longitudinal studies on the patients receiving
hemodialysis indicated that GBV-C RNA and anti-E2 GBV-
C prevalence rates were ranged from 3.1% to 57.5% and 7%
to 41.2%, respectively (6, 15-17). These differences in the
prevalence of GBV-C infection may also be explained by
epidemiological variations, methods of GBV-C RNA detec-
tion (especially the use of different primers), duration of
dialysis treatment, geographic factors, etc. (18).

Tables 4 and 5 show the frequency of GBV-C viremia,

GBV-C seroreactivity, and viral markers observed in the
patients receiving hemodialysis, in Iran and the other
countries. In the current study the prevalence of GBV-C
infection (14.7%) among the patients receiving hemo-
dialysis was found. The rates of GBV-C viremia and anti-
E2 GBV-C positivity were 6.04% and 10.73%, respectively.
Recent studies in Iran concentrated on some high risk
groups and those results focused on detection of one of
the viral RNA or serological markers (Table 5). The current
study results confirmed a better vision of the infection by
detecting both viral RNA and serological markers of GBV-
C and the rest of hepatitis virus markers. Therefore, the
prevalence of GBV-C contact in patients is underestimat-
ed when either antibody or nucleic acid is used. Besides,
Tribl et al. identified GBV-C-RNA in PMNC of two patients
negative for GBV-C-RNA in serum, suggesting that higher
sensitivity assays for determination of the prevalence of
GBV-C infection in high risk patients is requisite (19).

Table 3. Characteristics of Hemodialysis Patients With GB virus C/ hepatitis G virus -

Number anti-E2 GBV-C PCR GBV-C HBsAg+/GBV-C* HBcAbIgM*/GBV-C* HCVAb*+/GBV-C™*
1 + - + +
2 - + - - -
3 + -

4 + + + +
5 + .

6 + = -
7 - + - + +
8 I i + + +
9 + + + +

10 TP + - _
1 + - +
12 - + - L -
3 - + .

14 + + + i
15 + + +

16 - L - +
17 + + +

18 - + - .
19 + + +

20 + + + i
21 + + +

22 + + + .
4 Jundishapur ] Microbiol. 2014;7(11):e13122
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Table 4. Frequency of Viral Markers in Hemodialysis Patients in Iran

Country/City/ Blood Donor Hemodialysis Thalassemic Patients HIVPatients Heterosexuals IntravenousDrug HCV Patient
Year/Reference ~ GBV-CRNA'/  (GBV-CRNA'/ (GBV-CRNA'/GBV-C- (GBV-CRNA'/ (GBV-CRNA'/ Users(IVDU)(GBV- (GBV-CRNAY/
GBV-C-Anti E2) GBV-C-Anti E27) Anti E2™) GBV-C-Anti E2T) GBV-C-Anti E2t) C-RNAT/AntiE2") GBV-C-Anti E2%)

Iran/ 43.6%|
Tehran/2009/(14)

Iran/ 10.97%| 6.7% 13.5%
Tehran/2008/(33)

Iran/ 1%
Tehran/2008/(32)

Iran/ [3.89%
Tehran/2007/(35)

Iran/ 1%/ 12.9%/ 8.8%
Tehran/2005/(31)

Table 5. The Prevalence of GBV-C RNA and anti-E2 GBV-C Antibody in High Risk Groups in Iran

Country/city|y/ Blood Donor Hemodialysis Thalassemic pa- HIVPatients Heterosexuals IntravenousDrug HCVPatient
Reference GBV-C-RNA'|  (GBV-C-RNA™| tients (GBV-C-RNA"| (GBV-C-RNA'T| (GBV-C-RNA'/ users (IVDU)(GBV-C (GBV-C-RNA%/
GBV-C-Anti E2") GBV-C-Anti E2¥) GBV-C-AntiE2¥) GBV-C-AntiE2') GBV-C-AntiE2") -RNA'/AntiE2') GBV-C-AntiE2")

Iran/ - - - - - - 43.6%/-
Tehran/2009 (14)

Iran/ - - - 10.97%- 6.7%|- 13.5%[-

Tehran/2008/(33)

Iran/ -1%

Tehran/2008/(34)

Iran/ -[3.89%

Tehran/2007/(31)

Iran/ 1%/- 12.9%/- - - 8.8%-

Tehran/2005/(35)

In most of the patients, the presence of anti-E2 GBV-C an-
tibody is usually associated with clearance of GBV-C from
serum (6). These antibodies seem to provide temporary
protection in the patients previously infected with GBV-
C (20). In the current study, by examining 149 patients,
almost all GBV-C positive samples were either GBV-C RNA
positive or anti-E2 GBV-C positive except three (2.01%) who
had both RNA and antibody markers, and interestingly ,
one patient (one out of the three) was not infected with
HBV or HCV. This finding does not support Nuebling et
al. who believe co-detection of GBV-C viremia and anti-
E2 GBV-C antibody occurs only in the patients who have
been concurrently infected with other viruses such as
HBV, HCV, or HIV (21).

In most of the previous studies, co-infection with HCV
in GBV-C- positive patients was observed more frequently
than with HBV (Table 3). Yashina et al showed that in pa-
tients with acute viral hepatitis B (HBV), and C (HCV) the
detection rate of GBV-C RNA was 19%-32% and 20%-48.3%,
respectively (22). By contrast, in the current investigation
a high frequency of anti-HBs-positive 10 (45.45%) and anti-
HBc IgM- positive 13 (59.9%) among the 22 subjects with
positivity GBV-C exposure reveals a higher frequency of
From left: Lane 1; DNA Ladder (100 bp), Lane 2; negative sample, Lane 3 and co-infection with past/ present HBV infection as com-
4; positive samples. pared with those of HCV (27.27%). Three out of 22 (13.63%)

Figure 1. Agarose Gel Electrophoresis of PCR Products

1 2 3 4

188 bp

100
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patients were GBV-C +[anti-HBc IgM + |[HBsAg-. During a
one year follow-up study, all the three patients showed
GBV-C +/ anti-HBc IgM +/HBsAg +. These infections may be
associated with low viral loads (23, 24). Thus, the frequent
presence of co-infection with HBV in these patients may
be underestimated.

In the current study the prevalence of GBV-C exposure
was higher in participants aged 51to 55 years (17.2%) com-
pared to the other age groups; this may be a result of in-
creased exposure to GBV-C at older ages (not shown in the
table). In several studies, the highest prevalence of GBV-C
exposure was reported for individuals aged 29 to 39 years
(7). The majority of published findings demonstrated a
correlation between GBV-C and history of blood transfu-
sion and duration of hemodialysis (6, 15,18). In the current
study, almost all positivity- GBV-C exposure patients had
a history of blood transfusion, but analysis of the results
showed no relationship between history of blood trans-
fusion, duration of hemodialysis, and GBV-C positive and
negative patientsin the current study series. Itis suggested
that the transmission route for GBV-C may be nosocomial
transmission during dialysis; thus, patient-to-patient GBV-
C transmission with environmental blood contamination
and re-using the dialysis machines may be significant risk
factors of GBV-C acquisition in hemodialysis units. Similar
results were observed in Germany and England (3, 25, 26).

Even though Food and Drug Administration (FDA) de-
clared GBV-C as a non-harmful virus, this has not been
shared by all authors (9). Despite the fact that, no obvi-
ous evidence exists regarding the role of GBV-C in liver
damage, it appears to play a minor role in acute hepatitis,
even in immunosuppressed patients (3,15). Nevertheless,
its effects on kidney injury and graft survival cannot be
ignored (27-30). Of course, more studies are needed to
confirm these observations.

Investigations indicated that GBV-C RNA has been de-
tected in hepatocytes, peripheral blood lymphocytes
and monocytes, vascular endothelial cells, and other
tissues (15). Primary replication of GBV-C in organs is
questioned and it is suggested that a reservoir of GBV-
C could be present in these organs. It seems that this
virus could have been re-infected in the absence of pro-
tective antibodies (14, 15, 19, 22, 31-35). Therefore, GBV-C
infection seems to affect the clinical course of the dis-
ease in immunosuppressed patients such as transplant
recipients, patients with chronic renal failure and HIV-
infected patients that may be responsible for persistent
infection or graft rejection. Although no statistically
significant relationship was observed between GBV-C
exposure and history of blood transfusion in the cur-
rent study, many investigations indicated a higher risk
of infection because of more transfusion of blood and
blood products and increasing the chance of infection
with blood borne viruses. , Transfusion appears to be an
important risk factor for GBV-C transmission in patients;
therefore, running a routine screening program for blood
donor regarding GBV-C contact seems to be required for

immunosuppressed individuals.

In conclusion, regular virological testing and dialysis
of GBV-C positive patients in a separate unit can reduce
nosocomial GBV-C infection and the prevalence of GBV-
C in the patients receiving hemodialysis in the area un-
derstudy.

Acknowledgements

Authors wish to thank the Infectious Disease Research
Centre, Golestan University of Medical Sciences for the
continuous encouragement during this study and He-
modialysis Unit of Gorgan Fifth Azar Medical Centre for
providing valuable serum samples. Authors would also
like to thank Dr. Nasser Behnampour for his valuable sta-
tistical comments.

Authors’ Contributions

Dr. Alijan Tabarraei contributed to project manage-
ment, interpretation of data, critical revision and final
approval of the study and writing the manuscript. Mishar
Kelishadi was involved in all steps of experimental work,
manuscript preparation, interpretation of data, statisti-
cal analysis and writing the manuscript. Dr. Mohammad
Mojerloo and Dr. Abdolvahab Moradi contributed to in-
terpretation of data, statistical analysis, critical review
and comments. Masoud Bazouri, Pezhman Hashemi, Sob-
han Samadi, Atefeh Saeedi contributed to data collection
and sampling.

Funding/Support

This project was supported by the Infectious Diseases
Research Center, Golestan University of Medical Sciences
(Grant No.1005-900428-03).

References

1. Grassi M, Mammarella A, Sagliaschi G, Granati L, Musca A, Traditi
F, et al. Persistent hepatitis G virus (HGV) infection in chronic
hemodialysis patients and non-B, non-C chronic hepatitis. Clin
Chem Lab Med. 2001;39(10):956-60.

2. Neibecker M, Schwarze-Zander C, Rockstroh JK, Spengler U,
Blackard JT. Evidence for extensive genotypic diversity and
recombination of GB virus C (GBV-C) in Germany. ] Med Virol.
2011;83(4):685-94.

3. Matzkies FK, Bahner U, Weizenegger M, Bartel ], Cullen P, Schaefer
RM. Prevalence of hepatitis G in patients on chronic hemodialy-
sis. Clin Lab. 2000;46(5-6):247-50.

4. Sathar M, Soni P, York D. GB virus C[hepatitis G virus (GBV-C/HGV):
still looking for a disease. Int ] Exp Pathol. 2000;81(5):305-22.

5. Karayiannis P, Pickering J, Zampino R, Thomas HC. Natural his-
tory and molecular biology of hepatitis G virus/GB virus C. Clin
Diagn Virol.1998;10(2-3):103-11.

6. Hammad AM, Zaghloul MH. Hepatitis G virus infection in Egyp-
tian children with chronic renal failure (single centre study).
Ann Clin Microbiol Antimicrob. 2009;8:36.

7. Kafi-Abad SA, Samiei S, Talebian A, Maghsudloo M, Gharehbaghi-
an A. Hepatitis G virus infection in Iranian blood donors and
high-risk groups. Hepat Mon. 2009;9(4):282-6.

8. Basaras M, Arrese E, CabreraF, Ezpeleta C, Cisterna R. Detection of
HGV in serum and peripheral blood mononuclear cells of main-
tenance haemodialysis patients. | Hosp Infect.1999;42(2):155-9.

9. Ahmed QM. Hepatitis G virus (HGV): where we stand and what to

Jundishapur ] Microbiol. 2014;7(11):e13122



Kelishadi M et al.

11.

12.

13.

14.

15.

16.

17.

19.

20.

21

22.

do? Int ] Immunol Studies. 2011;1(3):255.

Riaz Shah SA, Idrees M, Hussain A. Hepatitis G virus associated
aplastic anemia: a recent case from Pakistan. Virol J. 2011;8:30.
Hofer H, Aydin I, Neumueller-Guber S, Mueller C, Scherzer
TM, Staufer K, et al. Prevalence and clinical significance of GB
virus type C/hepatitis G virus coinfection in patients with
chronic hepatitis C undergoing antiviral therapy. J Viral Hepat.
2011;18(7):513-7.

Khodavandi A, Yaghobi R, Alizadeh F, Mirzaee M, Nia MR, Ramzi
M. Evaluation of GB virus C (GBV-C)/hepatitis G virus (HGV) and
hepatitis type B viruses (HBV) infections in patients with non-
Hodgkin's lymphoma. African . Rf Microbiol . 2011;5(24):4143-9.
Naito H, Win KM, Abe K. Identification of a novel genotype
of hepatitis G virus in Southeast Asia. | Clin Microbiol. 1999;
37(4):1217-20.

Ghanbari R, Ravanshad M, Hosseini SY, Yaghobi R, Shahzamani
K. Genotyping and infection rate of GBV-C among Iranian HCV-
infected patients. Hepat Mon. 2010;10(2):80-7.

Reshetnyak VI, Karlovich TI, Ilchenko LU. Hepatitis G virus. World
J Gastroenterol. 2008;14(30):4725-34.

Shibuya A, Takeuchi A, Kamata K, Saigenji K, Kobayashi N, Yo-
shida A. Prevalence of hepatitis G virus RNA and anti-E2 in a
Japanese haemodialysis population. Nephrol Dial Transplant.
1998;13(8):2033-6.

Cocco M, Amoruso M, Lavanna S, Mariotti D, Bertoni G, Sinelli N,
et al. Is hepatitis G virus a real risk for haemodialysis patients?
EDTNA ERCA J. 1998;24(3):36-7.

Ramos Filho R, Carneiro MA, Teles SA, Dias MA, Cardoso DD,
Lampe E, et al. GB virus C[hepatitis G virus infection in dialysis
patients and kidney transplant recipients in Central Brazil. Mem
Inst Oswaldo Cruz.2004;99(6):639-43.

Tribl B, Oesterreicher C, Pohanka E, Sunder-Plassmann G, Peter-
mann D, Muller C. GBV-C/HGV in hemodialysis patients: anti-E2
antibodies and GBV-C/HGV-RNA in serum and peripheral blood
mononuclear cells. Kidney Int.1998;53(1):212-6.

Perez-Gracia T, Galan F, Giron-Gonzalez JA, Lozano A, Benavides B,
Fernandez E, et al. Detection of hepatitis G virus (HGV) RNA and
antibodies to the HGV envelope protein E2 in a cohort of hemo-
dialysis patients. J Clin Microbiol. 2000;38(11):4277-9.

Nubling CM, Bialleck H, Fursch AJ, Scharrer I, Schramm W, Sei-
fried E, et al. Frequencies of GB virus C/hepatitis G virus genomes
and of specific antibodies in German risk and non-risk popula-
tions. | Med Virol. 1997;53(3):218-24.

Yashina TL, Favorov MO, Khudyakov YE, Fields HA, Znoiko OO,

Jundishapur ] Microbiol. 2014;7(11):e13122

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

Shkurko TV, et al. Detection of hepatitis G virus (HGV) RNA:
clinical characteristics of acute HGV infection. | Infect Dis.
1997;175(6):1302-7.

Ramezani A, Banifazl M, Aghakhani A. Occult hepatitis B infec-
tion in chronic hemodialysis patients: Comparison of results
and concepts: Occult HBV in chronic hemodialysis patients.
Hepat Mon. 2011;11(2):128-9.

Hollinger FB, Habibollahi P, Daneshmand A, Alavian SM. Occult
hepatitis B infection in chronic hemodialysis patients: current
concepts and strategy. Hepat Mon. 2010;10(3):199-204.

Wreghitt TG. Blood-borne virus infections in dialysis units-a re-
view. Rev Med Virol.1999;9(2):101-9.

Gartner BC, Kaul H, Neutzling AG, Sauter M, Mueller-Lantzsch N,
Kohler H. High prevalence of hepatitis G virus (HGV) infections
in dialysis staff. Nephrol Dial Transplant.1999;14(2):406-8.

Fabrizi F, Lunghi G, Pozzi C, Colzani S, Tentori F, Del Vecchio L, et
al. GBV-C[HGV infection in end-stage renal disease: a serological
and virological survey. | Nephrol. 2000;13(1):68-74.

Rostaing L, Izopet ], Arnaud C, Rumeau ]L, Duffaut M, Cisterne
JM, et al. [Long-term consequences of co-infection by hepatitis
G virus in hepatitis c virus infected kidney transplant patients].
Nephrologie.1999;20(3):165-70.

Berthoux P, Laurent B, Cecillon S, Berthoux E. Membranoprolif-
erative glomerulonephritis with subendothelial deposits (type
1) associated with hepatitis G virus infection in a renal transplant
recipient. Am ] Nephrol.1999;19(4):513-8.

Berthoux P, Dejean C, Cecillon S, Batie M, Berthoux F. High preva-
lence of hepatitis G virus (HGV) infection in renal transplanta-
tion. Nephrol Dial Transplant. 1998;13(11):2909-13.

Amini S, Mahmoodabadi SA, Lamian S, Joulaie M, Farahani MM.
Prevalence of hepatitis G virus (HGV) in high-risk groups and
blood donors in Tehran, Iran. Iran | Public Health . 2005;34(4).
Ramezani A, Gachkar L, Eslamifar A, Khoshbaten M, Jalilvand S,
Adibi L, et al. Detection of hepatitis G virus envelope protein E2
antibody in blood donors. Int ] Infect Dis. 2008;12(1):57-61.
Ramezani A, Mohraz M, Vahabpour R, Jam S, Banifazl M, Eslami-
far A, et al. Frequency of hepatitis G virus infection among HIV
positive subjects with parenteral and sexual exposure. ] Gastroin-
testin Liver Dis. 2008;17(3):269-72.

Hinrichsen H. Prevalence of and risk factors for hepatitis G (HGV)
infection in haemodialysis patients: a multicentre study. Nephrol
Dial Trans. 2002;17(2):271-5.

Eslamifar A, Hamkar R, Ramezani A, Ahmadi F, Gachkar L, Jalil-
vand S, et al. Hepatitis G virus exposure in dialysis patients. Int
Urol Nephrol. 2007;39(4):1257-63.



