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The prevalence of GB virus C (GBV-C) in candidate Brazilian blood donors with normal and elevated
alanine aminotransferase levels was found to be 5.2% (5 of 95) and 6.5% (5 of 76), respectively. Among
Brazilian patients, GBV-C was found in 9.5% (13 of 137) of cases of hepatitis not caused by hepatitis A virus
(HAV), HBV, HCV, HDV, or HEV (non-A-E hepatitis) and in 18.2% (8 of 44) of individuals infected with HCV.
Molecular characterization of GBV-C by partial sequencing of the NS3 region showed clustering between
members of a single family, implying intrafamilial transmission. In conclusion, these results together suggest
that contagion mechanisms which facilitate intrafamilial transmission of GBV-C may partially explain the high

prevalence of viremic carriers worldwide.

Two different groups have reported the discovery of a novel
flavivirus-like agent potentially associated with human hepati-
tis, designated GB virus C (GBV-C) (18) or hepatitis G virus
(HGV) (13). GBV-C transmission by blood transfusion has
been clearly demonstrated (1, 13), explaining the high preva-
lence of this virus among intravenous drug users, polytrans-
fused individuals, hemophiliacs, and hemodialysis patients
(13). Vertical transmission from mother to infant has also been
reported (6, 21), and epidemiological data further suggest the
occurrence of horizontal transmission in confined patients (5).
Sexual transmission has been reported through the analysis of
patients infected with human immunodeficiency virus (HIV)
(8), prostitutes (9), and couples (10). GBV-C has also been
documented in cases of hepatitis not caused by hepatitis A
virus (HAV), HBV, HCV, HDV, or HEV (non-A-E hepatitis)
worldwide (13, 18), including Brazil (17); in HBV- and HCV-
infected patients (13); and in cases of aplastic anemia (18).
Furthermore, despite its high prevalence in patients with hep-
atitis, the association between GBV-C and hepatitis, cirrhosis,
hepatocellular carcinoma, or end-stage liver disease is uncer-
tain, especially because many infections also occur in healthy
individuals (1, 2). The need for additional studies to address
this question is clear (14).

Herein, we analyze the prevalence of GBV-C in candidate
blood donors and hepatitis patients in Brazil. Through an anal-
ysis of viral sequences from infected family members of two
patients with index cases, we also provide evidence for intrafa-
milial transmission of this virus.

Patients. Samples were obtained from five population
groups. Group 1 comprised 137 non-A-E hepatitis patients.
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These were individuals who had acute or chronic hepatic dis-
orders and for whom viral hepatitis was considered in the
differential diagnosis. These patients were always seronegative
for hepatitis B surface antigen (HBsAg), antibody to hepatitis
B core antigen (anti-HBc), and anti-HCV. Patients with acute
cases also tested negative for anti-HAV immunoglobulin M
(IgM), anti-HBc IgM, anti-HEV, and HCV RNA. Group 2
consisted of 44 hepatitis C patients, diagnosed by reactive
anti-HCV serology and/or HCV RNA by PCR. Group 3 con-
sisted of 95 volunteer blood donors from the Blood Bank of
Hemocentro, Campinas, Sao Paulo State, Brazil, in the order
of their acceptance. These blood donors underwent routine
screening tests for blood-borne infections (alanine aminotrans-
ferase [ALT] levels, HBsAg, and anti-HBc, HCV, HIV, human
T-cell leukemia virus types 1 and 2, Treponema pallidum, and
Trypanosoma cruzi). Group 4 comprised 76 candidate volun-
teer blood donors from the same blood bank, in sequential
order. These individuals were not accepted, exclusively due to
the detection of ALT levels higher than the cutoff value. Fa-
milial contacts (two wives and four daughters) of two GBV-C
patients made up group 5.

GBV-C RNA detection. RNA was extracted from 100 wl of
serum by using guanidine isothiocyanate. All the extracted
material was then used in cDNA synthesis with Moloney mu-
rine leukemia virus reverse transcriptase and random hexam-
ers. The cDNA was amplified with primers covering the NS3
region by using a nested PCR protocol. In the first round of
amplification, the primers ns3.2-a2 and ns3.2-s1 were used in a
“touchdown” PCR (18). One-tenth of the first-round product
was then used in the second amplification, with primers gbvc-s1
and gbvc-al in another touchdown PCR protocol (12). Positive
samples were identified in a 2% agarose gel, and the specificity
of each result was confirmed by sequencing, as described be-
low. To avoid false-positive results, strict procedures proposed
for nucleic acid amplification diagnostic techniques were fol-
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TABLE 1. Geographical origins and epidemiological, clinical, and/or histopathological data for the 23 Brazilian GBV-C-infected patients
whose GBV-C sequences were used in the phylogenetic analysis

. s Clinical and/or histopathological . . b Sequence GenBank
Patient Origin / status " y Epidemiology’ idgntiﬁer accession no.
1 Sao Paulo, SP Liver cirrhosis Frequent traveller to Amazon basin; AMR AFC124759
b. Spain
52112 AFC124765
67936 AFC124770
2 Sao Paulo, SP Periportal fibrosis Wife of patient 1 61871 AFC124768
67937 AFC124771
3 Sao Paulo, SP Healthy carrier Daughter of patient 1 67945 AFC124772
4 Sao Paulo, SP Liver cirrhosis Amazon basin inhabitant for 7 yr MPC3 AFC124758
5 Ribeirao Preto, SP Liver cirrhosis Blood transfusion 69251 AFC124773
6 Sao Paulo, SP Chronic hepatitis after Blood transfusion 76628 AFC124779
fulminant hepatitis
7 Sao Paulo, SP Steatohepatitis None 49592 AFC124763
8 Sao Paulo, SP Liver cirrhosis Blood transfusion oS AFC124764
9 Sao Paulo, SP Acute hepatitis; HCV positive Acute lymphoid leukemia, RV AFC124766
blood transfusions
10 Sao Paulo, SP Chronic hepatitis None 71841 AFC124776
11 Sao Paulo, SP Healthy carrier Wife of patient 10; travel to Egypt 67136 AFC124769
12 Sao Paulo, SP Chronic hepatitis Blood transfusion 76633 AFC124780
13 Limeira, SP Chronic active hepatitis Intravenous drug user SLS AFC124784
14 Sao Paulo, SP Chronic active hepatitis; Cholecystectomy 77811 AFC124781
HCV positive
15 Sao Paulo, SP Liver cirrhosis None 70064 AFC124774
16 Sao Paulo, SP Liver cirrhosis; HCV positive Open heart surgery 49438 AFC124762
79956 AFC124782
17 Sao Paulo, SP Chronic active hepatitis None 48729 AFC124760
18 Sao Paulo, SP Liver cirrhosis; HCV positive Amazon basin inhabitant for 1 yr 70247 AFC124775
19 Sao Paulo, SP Steatohepatitis Frequent traveller to Amazon basin; 60013 AFC124767
b. Italy
20 Maceio, AL Chronic hepatitis Wife with chronic hepatitis 75503 AFC124777
21 Ribeirao Preto, SP Chronic hepatitis Blood transfusion 86122 AFC124783
22 Sao Paulo, SP Liver cirrhosis; HCV positive Blood transfusion DVON AFC124761
23 Sao Paulo, SP Liver cirrhosis; HCV positive Blood transfusion 76282 AFC124778

“ City and state. SP, Sdo Paulo; AL, Alagoas.
b, born in.

lowed (11). These procedures include (i) use of completely
independent separated areas for RNA extraction, PCR setup,
and PCR product analysis; (ii) use of dedicated reagents,
equipment, pipettes, plasticware, gloves, and lab coats for each
of these areas; and (iii) control of daily flow of personnel only
from pre- to postamplification areas. At the preamplification
areas, special procedures were adopted: use of aerosol resis-
tance tips, constant changing of gloves, use of paper sheets for
opening tubes to avoid aerosols, and working with stock solu-
tions and preparing reaction mixes in separate areas before
starting any manipulation with samples on the same day. In
every reaction run, one negative control was analyzed for every
three samples and a weakly positive control serum, from a
patient previously determined to be viremic, was included (17).

Sequencing. PCR fragments were directly sequenced with
fluorescent dye terminators on a Perkin-Elmer Applied Bio-
systems 377 Prism automated DNA sequencer. Reactions were
performed essentially as described by the manufacturer by
using commercially available sequencing kits. Sequencing
primers were those used in the second PCR amplification. Raw
sequence data were assembled into contigs, edited with Se-
quencher sequence analysis software (Gene Codes, Ann Ar-
bor, Mich.), and exported as ASCII formatted files for subse-
quent analysis. Double-stranded edited sequences were used
for all phylogenetic analyses.

Phylogenetic analysis. A data set of 246 nucleotides in
length (including gaps), with 53 sequences, consisting of 26

GBV-C sequences, representing a wide range of geographical
locations, taken from sequence databases and 27 sequences
from Brazilian patients, was analyzed. Clinical and epidemio-
logical data for 23 patients are presented in Table 1. Only
patients from whom GBV-C sequences were used in the sub-
sequent phylogenetic analysis are shown in Table 1. Phyloge-
netic trees were reconstructed by using the neighbor-joining
method from genetic distances estimated by the HKY85 model
of DNA substitution, with values for the transition/transver-
sion ratio (1.98), the shape parameter (a = 0.309) of the
gamma distribution which describes rate variation among sites,
and the proportion of invariant sites estimated from the em-
pirical data. The robustness of the groupings observed on the
phylogenetic tree was assessed by bootstrap resampling (1,000
replications). All analyses were carried out with the PAUP
package (beta version 4.0.0d52; kindly provided by David
Swofford, Sinauer Associates, Inc.).

Results and discussion. We detected GBV-C RNA in 13 of
137 (9.5%) Brazilian non-A-E hepatitis patients, in general
agreement with the preliminary data reported by our group (1
of 13; 7.5%) (17). This prevalence is similar to those reported
elsewhere—8.3% in Europe (13), 8.7% in the United States
(6), and 8% in Japan (19)—although higher levels are ob-
served in China (16.7% [20]) and, most noticeably, in Italy
(39% [7]). These cases remain without etiological diagnosis,
since no relationship between GBV-C and liver diseases has
been proven (1, 2) and no other known causes of hepatitis
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FIG. 1. Neighbor-joining phylogenetic tree of GBV-C NS3 sequences. The geographical origin of each sequence is indicated by the first letter in the sequence
identifier (see the key). Encircled lineages represent viral samples from members of the two families (F1 and F2). The boxed lineages at the top of the tree are from
the same patient. Branch lengths are proportional to the degrees of sequence divergence, estimated by a maximum-likelihood method.

(such as alcoholism, drug use, autoimmunity, or hereditary
diseases) were reported among these patients, with the excep-
tion of one with a history of alcoholism.

GBV-C was also detected in 8 of 44 (18.2%) HCV-infected
individuals. This is within the range reported in other regions:
8% for Japan (19), 8.2% for China (20), 18.7% for Europe
(13), and 20% for the United States (4). The fact that this
prevalence is higher than that observed among non-A-E hep-
atitis patients probably reflects the greater level of exposure to
blood products in HCV-infected patients.

In contrast to the situation in patients with hepatitis, our
data reveal that Brazil has one of the highest prevalences of
GBV-C among volunteer blood donors reported so far: 5 of 95
(5:2%) and 5 of 76 (6.5%), among donors with normal and
elevated ALT levels, respectively. A higher prevalence in blood
donors was found in Vietnam (7.4%) (3). In China, the GBV-C
prevalence was 7.9% in professional blood donors but only
0.6% in healthy volunteers (20). In the United States, the
GBV-C prevalence in commercial blood donors was 12.9% (4).
Much lower prevalences are found in volunteer blood donor
populations from the United States, ranging from 0.8 (4) to
1.7% (13) in donors with normal ALT levels and from 1.5 (13)
to 3.9% (4) in donors with elevated ALT levels. The finding of
similar prevalence rates among non-A-E hepatitis patients and

blood donors with normal and elevated ALT levels reinforces
the hypothesis that GBV-C is not pathogenic in most infected
individuals (1, 2). It should be noted that the prevalence of this
virus in Brazil is probably higher than that shown herein, as
other authors have since published reports that by using 5’
noncoding region-derived primers, about one-third more cases
could be detected (15, 22). Other studies should be carried out
to better analyze GBV-C prevalence in different Brazilian pop-
ulations. These studies should verify whether the high preva-
lence in Brazilian candidate volunteer blood donors is also
found in the general population, since the former are generally
relatives or close friends of hospitalized patients needing blood
transfusions. Perhaps this fact introduces an important bias in
the selection of Brazilian blood donors and is related to the
elevated prevalence found in this study.

GBV-C sequences obtained from the Brazilian patients were
checked for any insertion or deletion that would alter the
coding capacity of the NS3 gene. We did not find any muta-
tional event that would cause frameshifts or premature termi-
nation in the sequences.

It has been previously shown that the utilization of short
sequence fragments from the NS3 region did not provide rel-
evant information for classification of this virus (16). Because
of a lack of phylogenetic information in the sequence data
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(reflected in the low bootstrap values), it was not possible to
fully resolve the evolutionary relationships of a worldwide sam-
ple of GBV-C sequences by using the NS3 amplicon described
here. A longer region is clearly required for analyses of this
kind.

However, the analysis of our sequence data from the fami-
lies of two patients with index cases provides important infor-
mation about the mode of GBV-C transmission (Fig. 1). In one
family (F2), no close relationship was found among the se-
quences obtained from two infected individuals, suggesting
that infection in this couple was coincidental (not an unlikely
event given the high prevalence of this virus). In another family
(F1), the sequences obtained from three infected members
(the father, the mother, and the younger of two daughters)
form a tight phylogenetic cluster (100% bootstrap support),
strongly supporting intrafamilial transmission. No other
GBV-C risk factor was reported for any other member of the
family. The route of transmission within this family is probably
by sexual contact between the parents and by vertical trans-
mission from the mother to her second daughter. Intrafamilial
transmission of this kind may therefore represent an important
pathway for the propagation of GBV-C and may help to ex-
plain the high prevalence among blood donors.

The genetic distances among the sequences obtained from
family F1 were 5 to 10 times smaller (data not shown) than the
distances among sequences from unrelated patients which ap-
peared adjacent in the tree (e.g., B-MPC3 and B-69251). On
the other hand, different sequences from the same patient
show a divergence level which is comparable to that observed
for F1 (e.g., A-GBCNS3 and A-GBCI1 [Fig. 1]). Given the
close relatedness among the sequences obtained from viruses
circulating in members of the same family (F1), intrafamilial
transmission is the most parsimonious explanation, because
otherwise one has to postulate several transmission events
from an index case not included in this study, which would
entail several independent transmission events.

In conclusion, a high prevalence of GBV-C was found
among different Brazilian populations, including non-A-E hep-
atitis and hepatitis C patients, candidate blood donors, and
intrafamilial contacts of two patients with index cases. The high
prevalence of this virus seems to be sustained by efficient con-
tagion mechanisms that facilitate intrafamilial transmission.
Blood transfusion is also another efficient mechanism for sus-
taining the high GBV-C prevalence, as no screening test spe-
cific for this virus is routinely used.

Nucleotide sequence accession numbers. The GenBank ac-
cession numbers of the sequence data reported in this article
are AF124758 through AF124784.
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