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Abstract

Introduction: Screening blood donors for blood-borne pathogens is very critical for the recipient’s safety. Similar to hepatitis B and C
infections, hepatitis G infection is transmitted through contaminated blood and causes acute and chronic hepatitis. Previous reports have
shown that the prevalence of hepatitis G virus (HGV) RNA among healthy Saudi donors was 1%-2%. However, the exposure rate of this
virus has never been studied. We hypothesized that the prevalence of HGV infection may have changed overtime due to socio-economic and
environmental factors. Since hepatitis B and C infections are endemic in Saudi Arabia, we investigated the exposure rate of HGV infection in
healthy donors and chronically infected hepatitis B and C patients.

Methodology: A prospective study was done on healthy donors and patients with chronic HBV and HCV infections. Hepatitis B and C viral
loads were measured by real-time polymerase chain reaction. HGV exposure rate was evaluated by detection of HGV antibodies.

Results: Analysis of samples from healthy donors (n = 210), chronic HBV+ patients (n = 169), and chronic HCV+ patients (n = 105) showed
that nine samples (4.3%), seven samples (4.1%), and four samples (3.8%) were positive for HGV antibodies, respectively. The non-
significant difference in the exposure rates of HGV between the study groups may indicate that HGV infection occurs independent of HBV
or HCV infections.

Conclusions: We showed for the first time that the exposure rate of HGV infection among the Saudi population is 4.3%, and we recommend

HGYV screening for all blood donors.
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Introduction

Hepatitis is an endemic infection in many
countries around the world including countries in the
Middle East [1]. There are several viruses that target
primarily the liver and cause hepatitis. These include
viral hepatitis type A, B, C, D, E, and G [2]. Hepatitis
A and E viruses are transmitted mainly by fecal-oral
routes and usually cause acute enteric hepatitis. On the
other hand, hepatitis B, C, D, and G viruses are
transmitted parentally, and thus they can be
transmitted sexually or through contaminated blood,
and may cause acute and chronic hepatitis [3,4].
Hepatitis B and C viruses are among the most studied
viruses, and they were the predominant types of viral
hepatitis in Saudi Arabia between 2000 and 2005, with
HBV comprising 49.3% and HCV comprising 40.7%
of the identified cases [5]. On the other hand, very
little information is available about hepatitis G virus
(HGV) infection and pathogenesis. Also, its
prevalence in healthy individuals and chronically

infected  hepatitis  patients has not  been
comprehensively studied.

The hepatitis G virus, which is also known as GB
virus C (GBV-C), was initially identified in 1995 and
classified under the Flaviviridae family [6-9]. It is an
enveloped virus with a 10kb positive-sense single-
stranded RNA genome. Although HCV and HGV are
structurally similar, it appears that HGV replicates
more efficiently in white blood cells [4,9,10]. Studies
have shown that HGV infection can occur as a single
infection or in combination with other infections such
as HCV or HIV [9,11,12]. It is unclear whether HGV
has any role in the chronicity of hepatitis B or C
infections. Therefore, HGV infection may contribute
to the progression of chronic infections or to the
development of drug resistance. Some reports have
revealed a role of HGV infection in the pathogenesis
of rare non-liver diseases such as aplastic anaemia
[13,14]. The prevalence of HGV appears to vary
between regions. It has been shown that the prevalence
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of HGV viremia among healthy donors was high in
Africa (17.2%) as compared with Asia (3.4%) or
Europe (4.5%) [1]. Other studies have reported that the
prevalence of HGV viremia in healthy Saudi donors
was between 1%-2%, but this percentage was
relatively higher in dialysis patients (5.5%) and
cryptogenic hepatitis patients (25%) [15,16]. However,
the exposure rate of HGV infection in the Saudi
population has never been investigated. Several
reports have shown that the prevalence of viral
hepatitis infection has changed over time due to
multiple  factors, including  economic  and
environmental factors [5,17]. For instance, reports
from Saudi Arabia have shown that the prevalence of
HAYV and HCV infections was reduced from 53% and
4.7% to 18.1% and 0.65%, respectively, over a period
of 20 years. Further, the prevalence of HBV carriers
dropped from 6.7% to 0.3% in 18 years after the
subunit HBV vaccine was introduced in 1989 [5,17].
Thus, we hypothesized that the prevalence of HGV
infection in Saudi Arabia may have changed over the
years.

Screening blood donors for blood-borne pathogens
is very critical for the recipient’s safety. Since HGV
infection is a disease that can be transmitted via
contaminated blood, our objective was to evaluate the
exposure rate of the hepatitis G virus among healthy
donors and chronically infected hepatitis B and C
patients by enzyme-linked immunosorbent assay
(ELISA).

Methodology
Study groups

A total of 484 participants were enrolled in this
study. All serum samples were obtained from the
virology and molecular biology laboratories from
routine blood screening or follow-up patients at King
Khalid University Hospital (KKUH) and were
categorized into three groups. The first group included
210 serum samples that were collected randomly from
healthy blood donors. These samples were negative for
HBsAg, anti-HBc Ab, anti-HCV Ab, HIV Ag/Ab, and
anti-HTLV I & II Ab. The second group included 169
serum samples that were collected from patients
chronically infected with the hepatitis B virus. The
third group included 105 serum samples that were
collected from patients chronically infected with the
hepatitis C virus. The patients’ characteristics were
summarized in Table 1. This study was approved by
and performed according to the guidelines of KKUH
and the College of Medicine Institutional Review
Board (IRB) committee. The hospital provides
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primary and secondary care services for Saudi patients
from the northern Riyadh area. It also provides tertiary
care services to all Saudi citizens on referral bases.

Assessment of Hepatitis B and C viral loads and liver
enzymes

The HBV and HCV viral loads were measured
from serum samples using the COBAS TaqMan
analyzer and COBAS AmpliPrep/COBAS TagMan
HBYV Quantities test, version 2.0 (Roche Diagnostics,
Germany), and COBAS AmpliPrep/COBAS TagMan
HCV Quantities test, version 2.0, respectively (Roche
Diagnostics, Mannheim, Germany). Liver enzymes
including alanine transaminse (ALT), aspartate
transaminase (AST), and alkaline phosphatase (ALP)
were tested within one month of sample collection,
and results were obtained from medical records. The
levels of these enzymes were measured by Dimension
RxL Max instrument (Siemens, New York, USA) and
the normal range for ALT, AST, ALP were 20-65 U/L,
12-37 U/L, and 50-136 U/L, respectively.

Detection of anti-HGV antibodies by enzyme-linked
immunosorbent assay (ELISA)

Serum samples from healthy donors and
chronically infected hepatitis patients were assayed for
HGV exposure by ELISA (Diagnostic Automation,
CA, USA), following the manufacturer's instructions.
The test is designed to detect HGV-specific antibodies
in sera. Briefly, diluted samples or controls were
loaded into a 96-well plate pre-coated with a
recombinant HGV-specific antigen. The plate was
then incubated for 30 minutes at 37°C to allow for the
formation of the Ag-Ab complex. The plate was
washed, horseradish-peroxidase conjugate was added,
and the plate was incubated for 30 minutes at 37°C.
After that, the washing step was carried out and a
substrate solution (chromogen A and B) was added for
detection. Finally, the reaction was stopped using
H,SO, and the colorimetric signal was measured by
absorbance at 630 nm using a spectrophotometer.

Statistical analysis

Data were collected and entered into a Microsoft
Office Excel file for statistical and descriptive
analysis. The percentage and the mean values with
standard division were applied to determine the
significance and were used where applicable. The
significance level was established at p < 0.05.
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Results

In this study, among 210 serum samples from
healthy male donors, nine samples (4.3%) were
positive for HGV antibodies (Table 1). There was no
significant difference between not exposed to HGV
and exposed to HGV blood donors with respect to age.
In chronic HBV-infected patients, seven samples
(4.1%) out of 169 serum samples were HGV-
antibodies positive; Five (71.4%) patients were males
and two (28.6%) were females (Table 1,2). It also
appeared that the rate of HBV infection among those
not exposed to HGV was higher in males (n = 107;
63.3%) than in females (n = 62; 36.7%) (Table 1).
HBV-infected patients exposed to HGV were
significantly younger in age compared to those with
HBYV infection not exposed to HGV (33.8 + 3.6 vs. 43
+ 12.5, p = 0.0001) (Table 1). Although the viral load
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for HBV in the patients exposed to HGV was
relatively high in one male patient in comparison with
six other patients in the same group (Table 2), the viral
load of HBV among HBV-infected patients exposed to
HGV was significantly lower compared to those with
HBV infection not exposed to HGV (0.68 x 10°+ 1.78
x 10° vs. 7.32 x 10°+ 31.63 x 10° IU/mL, p = 0.01)
(Table 1). In the liver enzymes (ALT, AST, ALP), at
least one was relatively high in three HBV-infected
patients exposed to HGV, compared with four patients
in the same group (Table 2). However, there was no
significant difference in the levels of liver enzymes
between HBV-infected patients exposed to HGV and
non-exposed patients (Table 1). In chronic HCV-
infected patients, four (3.8%) samples out of 105
serum samples were positive for HGV antibodies.
Only one (25%) patient was male; three (75%) patients

Table 1. Demographic and laboratory characteristics of patient study groups

Populations HGV- (non-exposed) HGV+ (exposed)
Healthy donors 201/210 9/210 (4.3%)
Gender (M/F) 201/0 9/0
Age (mean + SD) 27.2+ 8.9 [18-54] 29+ 10.1 [19-45]
HBV+ 162/169 7/169 (4.1%)
Gender (M/F) 107/62 572
Age (mean £ SD) 43 + 12.5%** 33.75 £ 3.6%**
Mean VL (IU/mL) + SD 7.32x10%+31.63x10%* 0.68x10%+1.78x10%*
Mean ALT (U/L) + SD 57.6 +58.4 128 + 189.2
Mean AST (U/L) + SD 34.7+76.1 138.7 +£306.7
Mean ALP (U/L) + SD 110.6 + 37.3 113+453
HCV+ 101/105 4/105 (3.8%)
Gender (M/F) 51/54 1/3
Age (mean + SD) 49.9+13.9 48 £17.1
Mean VL (IU/mL) + SD 1.65x10°4£3.11x10%%* 0.35x10%40.34x10%%*
Mean ALT (U/L) £ SD 69.1£423 85.7+29.6
Mean AST (U/L) + SD 423+25.7 63.5+26.7
Mean ALP (U/L) = SD 129.6 £ 55.5 130.5+24.6
*p=0.01 (statistically significant)
**p=0.001 (statistically significant)
**%* p=10.0001 (statistically significant)
Table 2. Clinical details of HBV- and HCV-infected patients exposed to HGV
Infection Patient # Sex Age VL (IU/mL) ALT (U/L) AST (U/L) ALP (U/L)
HBV P11 M 31 53 131 36 106
P38 F 36 548 30 13 122
P72 F 35 930 30 11 69
P80 M 27 13,794 32 18 100
P99 M 34 222 48 26 92
P110 M 38 4,738,316 549 834 209
P120 M 34 113 76 33 93
HCV P7 M 34 453,594 114 57 138
P57 F 58 101,665 108 103 113
P79 F 33 793,369 55 47 162
P87 F 67 60,741 66 47 109
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were females (Table 1, 2). Among HCV-infected
patients not exposed to HGV, there was no significant
difference in the HCV infection rate between males
and females (Table 1). Also, there was no significant
difference between HCV-infected patients exposed to
HGV and non-exposed patients with respect to age
(Table 1). The viral load of HCV was significantly
lower in HCV patients exposed to HGV compared to
those patients with HCV infection not exposed to
HGV (0.35 x 10°+ 0.34 x 10° vs. 1.65 x 10°+ 3.11 x
10° IU/mL, p = 0.001) (Table 1). In the liver enzymes
(ALT, AST, ALP), at least one was relatively high in
all HCV patients exposed to HGV (Table 2). However,
there were no significant differences in the levels of
liver enzymes between HCV-infected patients exposed
to HGV and non-exposed patients (Table 1).

Discussion

We revealed in this study for the first time that the
prevalence of HGV infection among healthy Saudi
donors, chronic hepatitis B patients, and chronic
hepatitis C patients was 4.3%, 4.1%, and 3.8%,
respectively (Figure 1). The prevalence rate was
determined based on the detection of HGV antibodies
in the serum, which measures the real exposure rate to
HGYV. Since the detection of HGV RNA or viremia
does not necessarily reflect the actual exposure rate to
the virus, the occurrence of HGV infection is perhaps
more frequent than studies of the prevalence of HGV
RNA would suggest [11]. Also, HGV infection in
high-risk populations determined by the presence of
viral RNA may underestimate the true level of past
and present infection [18]. To date, very little work
investigating the role of HGV in liver disease in the
Middle East, especially in Saudi Arabia, has been
done. In addition, this report was the first study to
investigate the prevalence of HGV infection in
different Saudi populations using a diagnostic CE-
approved HGV Ab ELISA kit. Previous studies have
shown that the prevalence was between 1%-2% among
Saudi donors, but that rate was based on the detection
of HGV RNA by PCR, which showed current
infection [15,16]. Thus, regardless of the test used, it
appears that the prevalence rate of HGV infection in
healthy Saudi donors is somewhat close to the rates
that have been found in countries such as Iran, Japan,
Taiwan, United States, Canada, France, and Norway,
which range from 1%-7% [1,19-21]. However, other
countries such as South Africa, Egypt, China, and
Sweden have shown the prevalence of HGV to range
between 12.2% and 22% [1,19,20]; the reasons for this
geographic discrepancy are still not known.
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Figure 1: Exposure rate of HGV among the study groups
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As mentioned, the HGV exposure rates among
Saudi chronic hepatitis B and C patients were 4.1%
and 3.8%, respectively. These results are surprisingly
similar to the exposure rate in healthy donors (4.3%).
In agreement with this result, two reports in which
detection of anti-HGV antibodies was used to assess
prevalence revealed no significant difference in the
prevalence of HGV between Colombian HBV and
HCV  seropositive donors (5.06% vs. 3.2%,
respectively) [20]. Few studies have shown that no
significant difference exists in the prevalence of HGV
between healthy donors and HBV seropositive
patients, but a significant increase was observed in
HCV seropositive patients [22,23]. However, other
reports have revealed that, in comparison with healthy
donors, there was a significant increase in the
prevalence of HGV not only in patients with chronic
hepatitis B and C or liver diseases, but also in high-
risk groups including intravenous drug users and
thalassemia and hemodialysis patients
[3,15,16,18,19,22]. Such variations in the results could
be explained by the different methodologies used to
assess the prevalence of HGV including measuring
HGV RNA or anti-HGV antibodies. Two studies in
which HGV RNA and anti-HGV antibodies were both
used to evaluate the prevalence of HGV showed that
no significant difference in the prevalence of HGV
between the control group and chronic viral hepatitis
with anti-HGV antibodies existed, but that there was a
clear significant difference with HGV RNA [18,24].
The non-significant difference in the HGV exposure
rates between the healthy donors and the chronic
hepatitis B and C patients in the present study may
indicate that HGV is capable of independent
transmission, and neither HBV nor HCV infection is a
predisposing factor for HGV infection or vice versa.
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Interestingly, we observed that the chronicity of
HBYV infection was more prevalent in males than
females. In addition, HGV infection was more
prevalent in younger individuals among the HBV-
infected patients. These results were not observed in
chronic HCV-infected patients. Consistent with these
findings, it has been reported in Saudi Arabia that the
prevalence ratio between males and females in HBV
infection was 1.8:1, whereas in HCV infection it was
1.1:1 [5,17]. Furthermore, other investigators in
Taiwan have shown the frequency of HBV or HCV
coinfection with HGV occurred more in males than in
females [23,24]. However, HBV coinfection with
HGYV occurred more in older patients than in younger
ones [23], which could be related to the variations in
the population average age between different
geographic regions.

In this study, the viral load levels of HBV and
HCV were significantly reduced in hepatitis B and C
patients exposed to HGV compared to those patients
with hepatitis B or C infection and not exposed to
HGV. Conversely, no significant difference in the
levels of liver enzymes was found between HBV- or
HCV-infected patients who were exposed to HGV and
those patients not exposed to HGV. One report
showed reduced levels of the viral load of HBV or
HCV in HGV coinfected patients compared to those
with single HBV or HCV infections, but these findings
were not statistically significant. On the other hand,
the ALT level was significantly reduced only in HBV
and HGV coinfected patients compared to those with a
single HBV infection [23]. Other studies, however,
have revealed no correlation between HGV infection
and liver enzymes [22,24]. These variations in the
results could be due to the small sample size tested,
and therefore, our results should be confirmed with a
larger number of patients.

Conclusions

The prevalence of HGV infection among the Saudi
population is still within the range of initial and
worldwide reports (4.3%). Despite the fact that there
was no sufficient data to support the clinical
manifestations and the liver disease caused by HGV,
blood-borne pathogen transmission and recipients’
safety must be considered, especially for those who
require blood transfusions and suffer from low
immunity or chronic diseases. Thus, we recommend
the initiation of HGV screening for all blood donors.

J Infect Dev Ctries 2014; 8(1):110-115.

Acknowledgements

The authors would like to thank the people who contributed
to this work, specifically Mrs. Hana Abu-Mustafa and Mr.
Nasr Sinjilawi for their help in collecting HBV+ and HCV+
patient samples. The authors also extend their appreciation
to the Deanship of Scientific Research at King Saud
University for funding this work through the research
project number NFG2-04-33.

References

1. Wiwanitkit V (2005) Hepatitis G virus RNA positivity among
the voluntary blood donors: a summary. Ann Hepatol 4: 43-
46.

2. Sehgal R, Sharma A (2002) Hepatitis G virus (HGV): current
perspectives. Indian J Pathol Microbiol 45: 123-128.

3. Stark K, Bienzle U, Hess G, Engel AM, Hegenscheid B,
Schluter V (1996) Detection of the hepatitis G virus genome
among injecting drug users, homosexual and bisexual men,
and blood donors. J Infect Dis 174: 1320-1323.

4. Stapleton JT (2003) GB virus type C/Hepatitis G virus. Semin
Liver Dis 23: 137-148.

5. Al-Tawfiq JA, Anani A (2008) Profile of viral hepatitis A, B,
and C in a Saudi Arabian hospital. Med Sci Monit 14: CR52-
CRS56.

6. Simons JN, Pilot-Matias TJ, Leary TP, Dawson GJ, Desai
SM, Schlauder GG, Muerhoff AS, Erker JC, Buijk SL,
Chalmers ML (1995) Identification of two flavivirus-like
genomes in the GB hepatitis agent. Proc Natl Acad Sci USA
92:3401-3405.

7. Simons JN, Leary TP, Dawson GJ, Pilot-Matias TJ, Muerhoff
AS, Schlauder GG, Desai SM, Mushahwar IK (1995)
Isolation of novel virus-like sequences associated with human
hepatitis. Nat Med 1: 564-569.

8. Leary TP, Muerhoff AS, Simons JN, Pilot-Matias TJ, Erker
JC, Chalmers ML, Schlauder GG, Dawson GJ, Desai SM,
Mushahwar IK (1996) Sequence and genomic organization of
GBV-C: a novel member of the flaviviridae associated with
human non-A-E hepatitis. ] Med Virol 48: 60-67.

9. Robaczewska M, Cova L, Podhajska AJ, Falkiewicz B (1999)
Hepatitis G virus: molecular organization, methods of
detection, prevalence, and disease association. Int J Infect Dis
3:220-233.

10. George SL, Varmaz D, Stapleton JT (2006) GB virus C
replicates in primary T and B lymphocytes. J Infect Dis 193:
451-454.

11. Ramia S, Al Faleh FZ (1999) Hepatitis G virus (HGV) and
liver diseases. Saudi J Gastroenterol 5: 50-55.

12. Bhattarai N, Stapleton JT (2012) GB virus C: the good boy
virus? Trends Microbiol 20: 124-130.

13. Hibbs JR, Frickhofen N, Rosenfeld SJ, Feinstone SM, Kojima
S, Bacigalupo A, Locasciulli A, Tzakis AG, Alter HJ, Young
NS (1992) Aplastic anemia and viral hepatitis. Non-A, Non-
B, Non-C? JAMA 267: 2051-2054.

14. Riaz Shah SA, Idrees M, Hussain A (2011) Hepatitis G virus
associated aplastic anemia: a recent case from Pakistan. Virol
J 8: 30.

15. Al-Ahdal MN, Rezeig MA, Kessie G, Chaudhry F, Al-
Shammary FJ (2000) GB virus C/hepatitis G virus infection in
Saudi Arabian blood donors and patients with cryptogenic
hepatitis. Arch Virol 145: 73-84.

114



Alhetheel et al. — Prevalence of HGV in Saudi Arabia

16.

17.

18.

19.

20.

21.

Mitwalli AH, Al Wakeel JS, Alam AA, Nauman T, Al
Rashed RS, Ramia S (2000) Hepatitis G virus (HGV)
infection in Saudi dialysis patients and healthy controls. Saudi
J Gastroenterol 6: 79-83.

Abdo AA, Sanai FM, Al-Faleh FZ (2012) Epidemiology of
viral hepatitis in Saudi Arabia: are we off the hook? Saudi J
Gastroenterol 18: 349-357.

Hwang SJ, Chu CW, Lu RH, Lan KH, Wu JC, Wang YJ,
Chang FY, Lee SD (2000) Seroprevalence of GB virus
C/hepatitis G virus-RNA and anti-envelope antibody in high-
risk populations in Taiwan. J Gastroenterol Hepatol 15: 1171-
1175.

Kafi-Abad SA, Samiei S, Talebian A, Maghsudloo A,
Gharehbaghian A(2009) Hepatitis G Virus Infection in
Iranian Blood Donors and High-Risk Group. Hepatitis
Monthly 9: 282-286.

Alvarado-Mora MV, Botelho L, Nishiya A, Neto RA, Gomes-
Gouvea MS, Gutierrez MF, Carrilho FJ, Pinho JR (2011)
Frequency and genotypic distribution of GB virus C (GBV-C)
among Colombian population with Hepatitis B (HBV) or
Hepatitis C (HCV) infection. Virol J 8: 345.

Giulivi A, Slinger R, Tepper M, Sher G, Scalia V, Kessler G,
Gill P (2000) Prevalence of GBV-C/hepatitis G virus viremia
and anti-E2 in Canadian blood donors. Vox Sang 79: 201-
205.

22.

23.

24.

J Infect Dev Ctries 2014; 8(1):110-115.

Jeon MJ, Shin JH, Suh SP, Lim YC, Ryang DW (2003) TT
virus and hepatitis G virus infections in Korean blood donors
and patients with chronic liver disease. World J Gastroenterol
9: 741-744.

Yang JF, Dai CY, Chuang WL, Lin WY, Lin ZY, Chen SC,
Hsieh MY, Wang LY, Tsai JF, Chang WY, Yu ML (2006)
Prevalence and clinical significance of HGV/GBV-C
infection in patients with chronic hepatitis B or C. Jpn J Infect
Dis 59: 25-30.

Yu ML, Chuang WL, Dai CY, Lu SN, Wang JH, Huang JF,
Chen SC, Lin ZY, Hsieh MY, Tsai JF, Wang LY, Chang WY
(2001) The serological and molecular epidemiology of GB
virus C/hepatitis G virus infection in a hepatitis C and B
endemic area. J Infect 42: 61-66.

Corresponding author

Abdulkarim Alhetheel

King Khalid University Hospital

P.O. Box 2925

Riyadh 11461, Saudi Arabia

Phone: +96614671523

Fax: +9661479162

Email: aalhetheel@ksu.edu.sa abdulkarimfahad@hotmail.com

Conflict of interests: No conflict of interests is declared.

115



