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Abstract
AIM: To determine the pathogenicity of GB virus C (GBV-C)
on liver and the effects of its co-infection on the clinical
features and prognosis of patients with hepatitis B and C.

METHODS: Cross-sectional study was carried out in 413
patients with acute, chronic hepatitis B or liver cirrhosis,
and in 67 hemodialysis patients. A 20-month prospective
cohort study was carried out in 95 hepatitis B and 80 hepatitis
C patients. A reverse transcriptase nested polymerase chain
reaction (RT-nPCR) of the 5’-noncoding region was used to
detect circulating GBV-C RNA. Liver function was determined
by an automated analyzer for all patients.

RESULTS: The prevalence of GBV-C in the high-risk
populations with the virus transmitted via blood was high,
ranging from 16.2 to 28.8 %. Co-infection with GBV-C in
hepatitis B patients did not affect the clinical features of the
disease or liver function. The dialysis patients infected with
GBV-C alone did not develop functional changes to the liver.
Prospective cohort study showed that GBV-C co-infection
did not affect the clinical features, prognosis or negative
serum conversion rate of chronic hepatitis B and C.

CONCLUSION: The results suggest that GBV-C has no marked
pathogenicity on liver, so it may not be a hepatitis virus.
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INTRODUCTION
Hepatitis B and C viruses (HBV, HCV) jointly contribute to
90 % of cases of post-transfusion non-A, non-B hepatitis
(HNANB). The remaining 10 % of cases could not be attributed
to any of the other known hepatitis viruses or other factors
such as alcohol, drug, or any disease related causes[1,2]. These
cases are named non-A-E hepatitis (HNA-E) and may be caused
by an unknown viral agent. In 1995 and 1996, GB virus-C
(GBV-C) and hepatitis G virus (HGV) were cloned by Simons
et al. and Linnen et al., respectively, in the United States[3,4].
Sequence analysis revealed that these two viruses had 85 %

and 95 % identical nucleotide and amino acid sequences,
respectively. And now these two viruses are named as GBV-
C. Initially, GBV-C was isolated from the serum of patients
with HNA-E[3,4]. However, there are still a lot of arguments up
to now on the pathogenicity of GBV-C on liver and on whether
GBV-C is an aetiological agent of HNA-E[5,6]. The prevalence
of GBV-C in patients with chronic hepatitis B or chronic
hepatitis C is very common, because of the similar transmission
routes[7-12]. In the present study, we investigated the prevalence
of GBV-C and evaluated its pathogenicity on liver with a cross-
sectional study in 413 patients with acute, chronic hepatitis B,
or liver cirrhosis, and in 67 hemodialysis patients. We also
carried out a 20-month prospective cohort study in 95 patients
with chronic hepatitis B and 80 patients with chronic hepatitis
C. The results suggest that GBV-C has no marked pathogenicity
on liver, so it may not be a new hepatitis virus.

MATERIALS AND METHODS

Patients
A total of 413 inpatients with confirmed diagnoses of acute,
chronic hepatitis B or liver cirrhosis in two hospitals for
infectious diseases in Beijing from January to December 2000
were enrolled in this study. Anti-HAV IgM, anti-HCV, anti-
HDV and anti-HEV antibodies were all negative in these
patients. Serum samples of the inpatients were collected and
tested to assess liver biochemical characteristics on the day of
admission. The rest serum was tested and stored at -80  for
pathogen analysis.
     Serum samples of hemodialysis patients with renal failure
were collected from 67 patients in 3 general hospitals from
December 2001 to March 2002 in Beijing. All samples were
stored at -30  before analysis.
    A cohort of 95 patients with chronic hepatitis B and 80
patients with chronic hepatitis C was enrolled from villages of
a county in Zhoukou area, Henan Province. All patients were
infected with HBV or HCV from 1991 to 1992 as a
consequence of blood donation. All the patients had persistently
elevated serum alanine aminotransferase (ALT) (at least 1.5
times the upper limit of the normal level) and were positive
for serum HBV DNA or HCV RNA as detected by PCR or
RT-PCR, respectively. All the patients were negative for serum
anti-HAV IgM and anti-HEV. The average disease course of
these patients was 3 years when investigation and confirming
diagnosis were carried out in April 1994. All the patients of
the cohort showed no evidence of liver cirrhosis or
hepatocellular carcinoma in regular ultrasonic graphic
examinations. All the patients were followed up twice, i.e., 6
and 20 months after the first investigation.

Laboratory examination
For GBV-C RNA detection, RNA was first extracted from 50
µl of serum using a commercial RNA extraction kit (Promega,
Z5110). Reverse transcriptase and nested polymerase chain
reactions (RT-nPCR), 35 cycles for two round, were performed
using a PCR machine (SABC Thinker Series II, Sino-American
Biotechnology Company, China). The primers used were from
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the 5’-noncoding region of the GBV-C genome, outer primers
(sense, 5’-TCTTGGTAGCCACTATAGGTG-3’, and anti-
sense, 5’-GGCAAAGCCTATTGGTCAAG-3’), and inner
primers (sense, 5’-AGAAAGAGCACGGTCCACAG-3’, and
antisense, 5’-CCACTGGTCCTTGTCAACTC-3’). The
amplified product (158 base pairs) was visualized under
ultraviolet light after gel electrophoresis and stained with
ethidium bromide. GBV-C RNA was assessed in duplicate sera
and scored as positive only when consistent results were
obtained. Liver biochemistry tests including alanine
aminotransferase (ALT), aspartate aminotransferase (AST),
total bilirubin (TBil), direct bilirubin (DBil), total protein (Tp),
and serum albumin/globulin ratio (A/G) were measured with
an automated analyzer.

Statistical analysis
Data in the text and tables were expressed as x±s. Student’s t-
test and one-way analysis of variance were used for statistical
analysis according to the data obtained. For all tests, P values
less than 0.05 were considered to be statistically significant,
and P values less than 0.01 were considered to be greatly
statistically significant.

RESULTS
Of the serum samples from 413 patients infected with HBV,
67 were co-infected with GBV-C (16.22 %). 169 cases had
integrated clinical data. The patients suffering from acute,
chronic hepatitis B or liver cirrhosis were grouped on the basis
of the presence or absence of GBV-C co-infection, and the
levels of ALT, AST, TBil, DBil, Tp of the different groups

were compared (Table 1).
    Results shown in Table 1 indicated that there was no
significant difference in the serum biochemistry characteristics
of 3 types of patients (acute, chronic hepatitis B and liver
cirrhosis) between GBV-C RNA infected group and non-
infected group (P>0.05).
     11 of the 67 dialysis patients were GBV-C RNA positive
(16.42 %) and the positive rate of GBV-C RNA increased with
the number of times of dialysis. The comparison of serum ALT
and AST levels in 67 patients infected with different viruses is
shown in Table 2.

Table 2  Comparison of serum ALT and AST in dialysis patients
with different virus infection

Group      n     Average    ALT/IU·L-1   AST/IU·L-1

dialysis times

(1) HBV DNA(+)

  HCV RNA(-)     11 243.75±224.53    31.63±22.32   35.12±18.06

  GBV-C RNA(-)

(2) HBV DNA(-)

  HCV RNA(+)       6 306.67±296.41    30.67±9.45   25.00±12.28

  GBV-C RNA(-)

(3) HBV DNA(-)

  HCV RNA(-)       8 353.40±309.45    20.67±11.72   17.00±1.00

  GBV-C RNA(+)

(4) HBV DNA(-)

  HCV RNA(-)     37 116.45±103.02    15.37±6.83   20.00±7.04

  GBV-C RNA(-)

Table 1  Comparison of biochemistry characteristics in all types of patients with or without GBV-C infection

Group    n    ALT/IU·L-1   AST/IU·L-1          TBil/µmol·L-1           DBil/µmol·L-1   Tp/g·L-1

Acute hepatitis B
GBV-C RNA(+)   13 1173.92±961.98 565.69±405.32 5.18±3.47 3.54±2.66 68.44±12.14
GBV-C RNA(-)   33 1380.27±906.14 620.06±405.32 6.52±6.61 4.57±4.51 67.84±12.42
Chronic hepatitis B
GBV-C RNA(+)   24   366.33±237.36 289.42±201.32 6.48±7.34 3.98±4.50 71.30±8.57
GBV-C RNA(-)   35   312.91±432.82 227.29±292.17 3.29±5.58 2.21±4.24 71.06±7.66
Liver cirrhosis
GBV-C RNA(+)   30     71.67±74.13   96.73±87.21 5.54±7.44 3.62±5.33 66.46±8.75
GBV-C RNA(-)   34     92.68±80.33 106.15±94.81 7.67±10.30 5.20±5.80 62.58±10.99
Total
GBV-C RNA(+)   67   400.51±585.36 255.22±301.71 5.73±6.81 3.69±4.46 68.80±9.61
GBV-C RNA(-) 102   578.63±807.04 314.98±345.05 5.85±7.85 3.87±4.80 67.21±10.92

No significant difference (P>0.05) was found in all the biochemistry characteristics between hepatitis B patients with or without
GBV-C infection.

Table 3  Comparison of biochemistry characteristics between chronic hepatitis B patients with or without GBV-C infection

GBV-C RNA  n    A/G  ALT/IU·L-1 AST/IU·L-1 TBil/µmol·L-1

(1) Positive group 24 1.65±0.26 90.84±48.43 43.21±31.56    5.91±1.86
(2) Negative group 71 1.63±0.21 95.36±51.96 44.45±38.07    7.66±1.95

No significant difference (P>0.05) was found in all the biochemistry characteristics between the two groups.

Table 4  Comparison of biochemistry characteristics between chronic hepatitis C patients with or without GBV-C infection

GBV-C RNA  n    A/G ALT/IU·L-1 AST/IU·L-1 TBil/µmol·L-1

(1) Positive group 23 1.82±0.30 110.23±59.61 45.96±40.11     4.53±1.55
(2) Negative group 57 1.65±0.25 97.65±56.74 52.94±48.00     5.77±1.73

No significant difference (P>0.05) was found in all the biochemistry characteristics between the two groups.



      On statistic analysis, ALT levels were significantly different
between groups 1 and 4 (P<0.01) and groups 2 and 4 (P<0.05).
AST levels were also significantly different between groups 1
and 4 (P<0.01). The results showed a significant elevation in
the levels of ALT and AST in hemodialysis patients infected
with HBV or HCV compared with that in those not infected
with the two viruses. Significant difference (P<0.05) was found
in dialysis times between groups 2 and 4, and groups 3 and 4.
Three patients had abnormal liver function (ALT>40 IU/L,
AST>40 IU/L), among them one was infected with HCV, the
other two were infected with HBV. Serum ALT and AST levels
were normal in patients with GBV-C infection alone.
     A cohort study was carried out in 95 patients with chronic
hepatitis B and 80 patients with chronic hepatitis C enrolled
from villages in Henan Province. Serum GBV-C was positive
in 24 (25.26 %) chronic hepatitis B patients and 23 (28.75 %)
chronic hepatitis C patients (Tables 3 and 4).
     When following up the patients 6 months later, we found
that 23 of the 95 chronic hepatitis B patients (24.21 %) became
HBV DNA negative and 21 of the 80 (26.25 %) chronic
hepatitis C patients became HCV RNA negative. GBV-C RNA
could not be detected in 12.50 % (3/95) chronic hepatitis B
patients and in 17.39 % (4/80) chronic hepatitis C patients.
Table 5 and Table 6 show the biochemistry characteristics of
chronic hepatitis B and C patients.

Table 5  Comparison of biochemistry characteristics between
chronic hepatitis B patients with or without GBV-C infection
at the 6-month follow-up

Group    n           A/G         ALT/IU·L-1     AST/IU·L-1     TBil/µmol·L-1

(1)  HBV DNA(+)   14      1.74±0.19      93.29±60.67     29.14±13.87       7.64±5.47

   GBV-C RNA(+)

(2) HBV DNA (+)   58      1.73±0.18      62.33±41.67     27.68±11.99       6.10±2.09

   GBV-C RNA (-)

(3) HBV DNA (-)     7      1.61±0.11      30.00±7.80       21.57±8.18         7.57±3.41

   GBV-C RNA (+)

(4) HBV DNA (-)   16      1.64±0.14      32.65±17.01     26.65±11.96       7.71±2.76

   GBV-C RNA (-)

Significant difference (P<0.05) was found only in ALT between
group 1 and group 3, group 2 and group 4. No significant dif-
ference (P>0.05) was found in other biochemistry characteris-
tics among the 4 groups.

Table 6  Comparison of biochemistry characteristics between
chronic hepatitis C patients with or without GBV-C infection
at the 6-month follow-up

Group    n         A/G  ALT/IU·L-1     AST/IU·L-1   TBil/µmol·L-1

(1) HCV RNA(+)   11      1.76±0.17    127.11±82.12     41.13±19.07       7.49±5.82

   GBV-C RNA(+)

(2) HCV RNA(+)   48      1.82±0.20      71.62±47.74     26.05±12.49       7.97±3.91

    GBV-C RNA (-)

(3) HCV RNA (-)     8      1.60±0.13      33.11±8.08       22.97±9.78         7.26±4.25

    GBV-C RNA(+)

(4) HCV RNA (-)   13      1.60±0.14      30.74±20.01     24.65±11.84       7.65±3.23

    GBV-C RNA (-)

Significant difference (P<0.05) was found both in ALT between
group 1 and group 3, group 2 and group 4, and in AST between
group 1 and group 4. No significant difference (P>0.05) was
found in other biochemistry characteristics among the 4 groups.

     At the 20-month follow up, the biochemistry characteristics
of chronic hepatitis B and C patients were compared between
two groups: one with and the other without GBV-C co-infection

(Tables 7 and 8). At this time point, 26.0 % (25/95) chronic
hepatitis B patients and 20.0 % (16/80) chronic hepatitis C
patients were lost in the follow up.

Table 7  Comparison of biochemistry characteristics between
chronic hepatitis B patients with or without GBV-C infection
after 20 months

Group  n ALT/IU·L-1 AST/IU·L-1

(1) HBV DNA(+)   8 52.13±44.90 44.25±28.42
      GBV-C RNA(+)
(2) HBV DNA (+) 30 44.40±37.26 34.67±24.23
      GBV-C RNA (-)
(3) HBV DNA (-)   8 28.14±15.36 25.29±17.21
      GBV-C RNA (+)
(4) HBV DNA (-) 24 25.15±11.59 25.73±13.16
      GBV-C RNA (-)

Significant difference (P<0.05) was found only in ALT and AST
between group 1 and group 3, and group 2 and group 4.

Table 8  Comparison of biochemistry characteristics between
chronic hepatitis C patients with or without GBV-C infection
after 20 months

Group n ALT/IU·L-1 AST/IU·L-1

(1) HCV RNA(+) 6 72.24±73.87 49.29±48.49
      GBV-C RNA(+)
(2) HCV RNA(+) 22 42.43±39.10 32.91±30.57
      GBV-C RNA (-)
(3) HCV RNA (-) 7 26.98±24.47 25.11±19.07
      GBV-C RNA(+)
(4) HCV RNA (-) 29 25.39±13.16 26.74±16.99
      GBV-C RNA (-)

Significant difference (P<0.05) was found only in ALT and AST
between group 1 and group 3, and group 2 and group 4.

     After 20-month follow up, correlation was seen between
the abnormal levels of the liver biochemistry characteristics
and HBV DNA in chronic hepatitis B patients. However, no
correlation was found between the abnormal levels of the liver
function and co-infection with GBV-C. The same result was
found in chronic hepatitis C patients. During the period of
follow up for 20 months, 50.00 % (8/16) hepatitis B patients
with GBV-C infection and 44.44 % (24/54) hepatitis B patients
without GBV-C infection became HBV DNA undetectable.
53.85 % (7/13) hepatitis C patients with GBV-C infection and
56.86 % (29/51) hepatitis C patients without GBV-C infection
became HCV RNA undetectable. The rates of negative serum
conversion of HBV DNA and HCV RNA were not significantly
different between the two groups.

DISCUSSION
Since GBV-C was cloned, there have been a lot of arguments
on the pathogenicity of GBV-C. Although a number of reports
have indicated that GBV-C can induce acute, chronic, and even
fulminant hepatitis[13-16], most of the clinical observations have
demonstrated that GBV-C infection alone has little significance
in causing liver damage in human[17-20]. There were 363 research
publications on GBV-C/HGV in MEDLINE database from
1999 to February 2001, among which only 8 supported GBV-
C pathogenicity on the liver. Most researches implicated that
no correlation existed between GBV-C and liver diseases.
Patients with HBV or HCV co-infected with GBV-C did not
have different clinical manifestations and outcomes when
compared with patients with HBV or HCV infection alone[21-23].
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GBV-C, HBV and HCV have a similar route of transmission.
Many of the reports limited their research on the prevalence
of GBV-C in hepatitis B and hepatitis C patients and had
relatively small numbers of cases. Therefore, it was difficult
for them to draw a definite conclusion on GBV-C pathogenicity
on the liver. The subjects of this study were a large sample in
the high-risk population with GBV-C infection (hepatitis B,
hepatitis C and hemodialysis patients). This work combined
the cross-sectional and prospective cohort studies and applied
the methods of cross-experimental design and analysis.
Therefore, it could analyze more reasonably the pure effects
of GBV- C infection on liver.
      All data in this study were pooled from experiments carried
out by many graduate students and repeated many times.
Hepatitis B, hepatitis C and hemodialysis patients belonged to
the high-risk population transmitted via blood. Previous
investigations have shown that there was no significant
difference between the prevalence rates of GBV-C in patients
with HNA-E and of the aforementioned high-risk population
(P>0.05)[23-25]. So these findings do not support the argument
that GBV-C was the etiological factor of HNA-E. No
significant difference was seen in the abnormal level of liver
biochemistry characteristics between positive and negative
serum GBV-C RNA in acute, chronic hepatitis B or liver
cirrhosis patients (P>0.05). But the abnormal level of liver
biochemistry characteristics correlated well with HBV DNA.
Therefore, these results demonstrated that co-infection with
GBV-C did not affect the liver biochemistry characteristics
and illness. Infection with HBV or HCV could elevate the level
of liver enzymes (ALT and AST) in hemodialysis patients,
but infection with GBV-C did not demonstrate such effects.
So these results showed that the hemodialysis patients had no
abnormal liver biochemistry characteristics when infected with
GBV-C alone without the known hepatitis virus co-infection.
The dynamic observation in 3 follow-ups of the cohort of
chronic hepatitis B and C patients during a period of 20 months
indicated that co-infection with GBV-C did not significantly
affect the illness, outcome or rate of negative serum conversion.
In summary, this work demonstrates that, though GBV-C is
highly prevalent in high-risk populations with virus infection
via blood, it seems to have no pathogenicity on the liver and
therefore may not be a hepatitis virus.
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