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Abstract

The present study examined the distribution of hepatitis C virus
(HCV) genotypes and subtypes in a hemodialysis population in Goiás
State, Central Brazil, and evaluated the efficiency of two genotyping
methods: line probe assay (LiPA) based on the 5' noncoding region
and nucleotide sequencing of the nonstructural 5B (NS5B) region of
the genome. A total of 1095 sera were tested for HCV RNA by RT-
nested PCR of the 5' noncoding region. The LiPA assay was able to
genotype all 131 HCV RNA-positive samples. Genotypes 1 (92.4%)
and 3 (7.6%) were found. Subtype 1a (65.7%) was the most prevalent,
followed by subtypes 1b (26.7%) and 3a (7.6%). Direct nucleotide
sequencing of 340 bp from the NS5B region was performed in 106
samples. The phylogenetic tree showed that 98 sequences (92.4%)
were classified as genotype 1, subtypes 1a (72.6%) and 1b (19.8%),
and 8 sequences (7.6%) as subtype 3a. The two genotyping methods
gave concordant results within HCV genotypes and subtypes in 100
and 96.2% of cases, respectively. Only four samples presented dis-
crepant results, with LiPA not distinguishing subtypes 1a and 1b.
Therefore, HCV genotype 1 (subtype 1a) is predominant in hemodi-
alysis patients in Central Brazil. By using sequence analysis of the
NS5B region as a reference standard method for HCV genotyping, we
found that LiPA was efficient at the genotype level, although some
discrepant results were observed at the subtype level (sensitivity of
96.1% for subtype 1a and 95.2% for subtype 1b). Thus, analysis of the
NS5B region permitted better discrimination between HCV subtypes,
as required in epidemiological investigations.
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Hepatitis C virus (HCV) is a well-known
agent of liver disease, including cirrhosis
and hepatocellular carcinoma, with an esti-
mated 170 million persons being infected
with this agent around the world (1). Patients

undergoing hemodialysis are at high risk of
acquiring this blood-borne pathogen, since
HCV is efficiently transmitted by the paren-
teral route. In addition, infected patients have
an increased tendency to develop chronic
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hepatitis and to be also a potential reservoir
for its transmission, possibly contributing to
the nosocomial spread of HCV in dialysis
centers and explaining the high prevalence
of HCV infection among hemodialysis pa-
tients (2).

HCV has a positive-sense, single-stranded
RNA genome that presents a high mutation
rate (1.44 x 10-3 substitutions per site per
year). On the basis of the similarity of nucleo-
tide sequences, HCV is classified into six
major genetic groups designated genotypes
(1 to 6), each comprising multiple subtypes
(designated a, b, c, etc.). These genotypes
have distinct geographical distributions. Al-
though HCV genotypes 1, 2, and 3 appear to
have a worldwide distribution, their relative
prevalence varies from one geographic area
to another. HCV genotype 4 is found in the
Middle East and North Africa, and geno-
types 5 and 6 in South Africa and Asia,
respectively (3).

Genotype determination is a relevant pre-
dictive parameter of the response to antiviral
treatment since genotype 1 is associated with
a lower sustained virologic response (40-
45%) compared to genotypes 2 and 3, whose
sustained virologic response is 70-80% with
peginterferon and ribavirin combination
therapy for 48 and 24 weeks, respectively
(1). Furthermore, the genotyping of HCV
isolates is a useful tool in molecular studies
carried out to establish the source of out-
breaks in hemodialysis centers and other
nosocomial settings (4,5).

In Brazil, a country of continental di-
mensions, the distribution of HCV geno-
types and subtypes among hemodialysis pa-
tients has not been well documented. The
few studies carried out in São Paulo (6,7),
Tocantins (8) and Recife (9) have shown
that genotype 1 (subtype 1a) was the pre-
dominant one in those patients. However,
the genotyping methods employed in those
studies, which were based on 5' noncoding
(5’NC) region analyses, did not permit the
correct identification of HCV subtypes (10-

17). To our knowledge, the present study is
the first to analyze Brazilian HCV samples
using two genotyping methods: line probe
assay (LiPA, based on the 5’NC region) and
the nucleotide sequencing analysis of the
nonstructural 5B (NS5B) region, which has
been used as a reference method for accurate
genotyping (10-17). Thus, our objective was
to determine which HCV genotypes and sub-
types occur in hemodialysis patients in Cen-
tral Brazil and also to compare the genotyp-
ing efficiency of LiPA and direct sequenc-
ing of the NS5B region.

The study was carried out in all dialysis
units (N = 15) in Goiás State. Between April
and December 2002, blood samples were
collected from all chronic hemodialysis pa-
tients (N = 1095). The study protocol was
approved by the Ethics Committee of the
Federal University of Goiás, and written
informed consent was obtained from each
patient.

All samples were submitted to RNA ex-
traction, reverse transcription, and a nested
PCR with primers complementary to the
conserved area of the 5’NC region of HCV,
essentially as described by Ginabreda et al.
(18). PCR products were loaded onto 1.5%
agarose gel electrophoresis and visualized
by staining with ethidium bromide under
ultraviolet light. HCV genotyping was de-
termined in all HCV-RNA-positive samples.
A line probe assay (Inno-LiPA HCV II, In-
nogenetics, Ghent, Belgium) was used to
determine the genotype in the amplicons of
the 5’NC region according to the procedure
described by the manufacturer.

Genotyping by sequence analysis was
performed after nested RT-PCR for the NS5B
region using the primers and PCR condi-
tions described by Sandres-Sauné et al. (17).
The nested RT-PCR products were purified
using the QIAquick gel extraction kit (Qiagen
- GmbH, Hilden, Germany) and submitted
to a direct nucleotide sequencing reaction in
both directions using a Big Dye Terminator
kit (version 3.1, Applied Biosystems, Foster
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Table 1. Distribution of the hepatitis C virus subtypes isolated from hemodialysis
patients in Central Brazil using the line probe assay and nonstructural 5B (NS5B)
sequencing.

Method Subtypes Total

       1a        1b      3a

Line probe assay 86 (65.7%) 35 (26.7%) 10 (7.6%) 131 (100%)
NS5B sequencing 77 (72.6%) 21 (19.8%) 8 (7.6%) 106 (100%)

Twenty-five samples could not be genotyped by the NS5B sequencing method be-
cause of failures in the amplification step.

City, CA, USA) and analyzed with the ABI
3730 automated DNA sequencer. The se-
quence from nucleotide 8279 to nucleotide
8619 was used for analysis and subtyping
was performed by phylogenetic analysis us-
ing reference sequences retrieved from Gen-
Bank. The DNA alignments were generated
with the Clustal X program (19). The phylo-
genetic tree was constructed with Mega 2.1
software (20) using the neighbor-joining
method and the Kimura-two parameter and
its reliability was assessed by bootstrap re-
sampling (1000 pseudo-replicas). To avoid
cross-contamination between samples, stand-
ard precautions were used in all manipula-
tions. Separate areas were used for reagents,
samples and manipulation of amplified prod-
ucts.

The presence of HCV RNA was detected
in 131 samples by RT-nested PCR of the
5’NC region. The LiPA assay was able to
genotype all 131 HCV RNA-positive samples.
Among them, 92.4% were of genotype 1,
subtypes 1a (65.7%) and 1b (26.7%). The
remaining samples (7.6%) belonged to geno-
type 3, subtype 3a (Table 1).

For sequence analysis, 106 samples could
be amplified and sequenced in the NS5B
region. Using phylogenetic tree analysis of
the NS5B region (Figure 1), 98 sequences
(92.4%) were classified as genotype 1, sub-
type 1a (72.6%) and 1b (19.8%). All geno-
type 3 sequences (N = 8; 7.6%) were grouped
inside the clad of subtype 3a of the phyloge-
netic tree (Figure 1 and Table 1).

The two methods were 100% concordant
at the genotype level and the subtypes deter-
mined by the two methods were concordant
in 96.2% of cases (102/106). Only four
samples showed discrepant results. Sequence
analysis of the NS5B region revealed that
three samples, which were identified as sub-
type 1b by LiPA, were of subtype 1a. Con-
versely, one sample (subtype 1a by LiPA)
was identified as 1b by sequence analysis of
the NS5B region. Using the sequence analy-
sis of this region as a reference method for

HCV subtyping, the sensitivity of the LiPA
was 96.1% (74/77) for subtype 1a and 95.2%
(20/21) for subtype 1b.

The distribution of HCV genotypes and
subtypes found in the present study was
similar to those previously reported in Bra-
zilian hemodialysis patients (6-9), who
showed a predominance of HCV subtype 1a.
These data suggest that subtype 1a is more
likely to disseminate in the hemodialysis
environment or could be more adapted to the
immunosuppression of these patients (7).

In order to determine HCV genotypes
and subtypes, the choice of the genome re-
gion to be analyzed is crucial. This region
must present genotype-specific and subtype-
specific motifs. Additionally it must be highly
conserved to be detected by most of the
assays based on nucleic acid amplification.
Several assays were developed to identify
HCV genotypes and subtypes from the 5’NC
region because this region is readily ampli-
fied by PCR. On the other hand, this region
does not contain sufficient information for
the recognition of all different types and
subtypes. Thus, in the present study we chose
the NS5B region for sequence analysis since
this region appears to be much more accu-
rate for identifying variations in the nucleo-
tide sequences (10-17).

LiPA is a reverse hybridization assay
based on variations of the highly conserved
5’NC region. In the present study, all 131
HCV RNA-positive samples were genotyped
by this method. Of these, 25 (19.1%) could
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Figure 1. Phylogenetic tree analysis of the NS5B re-
gion (340 nt) of 106 HCV isolates from hemodialysis
patients in Central Brazil and 12 reference sequences
of genotypes 1 to 6. Strains belonging to this study are
initiated by BR and reference sequences used were:
1a-m62321; 1b-m58335; 1c-d14853; 2a-00944; 2b-
d01221; 2c-d50409; 3a-d17763; 3b-d26556; 4a-
y11604; 5a-y13184; 6a-y12083, and 6b-d84262. Geno-
type and subtype are indicated for each branch. Num-
bers at the branches show bootstrap percentages
(1000 pseudo-replicas). The bar indicates genetic dis-
tance scale expressed as substitutions per 100 bases.
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not be genotyped by NS5B sequence analy-
sis due to failure of the amplification proce-
dure despite successive attempts to amplify
cDNA with the NS5B primers. Although
these primers are thought to bind highly
conserved sequences (17), primer-target mis-
matching within the NS5B region is still
likely because of inherently high sequence
variability. Despite this inability to amplify
all HCV RNA-positive samples, NS5B se-
quence analysis was used here as a reference
method for genotyping accuracy.

Other studies (10,12,14) have reported
that genotyping methods based on the 5’NC
region using LiPA and NS5B region by se-
quence analysis show high rates (98.6 to
100%) of concordance at the genotype level.
In the present study, discrepant results at the
subtype level were obtained for four of the
106 samples successfully typed by both meth-
ods. Three samples identified as 1a by NS5B
sequencing were subtyped as 1b by LiPA.
Another sample was subtyped as 1b by se-
quencing but was identified as 1a by LiPA.
The inability of LiPA to identify the correct
subtype has been reported by others, espe-
cially regarding subtypes 1a and 1b (10,12,
14,16). These subtypes have been frequently
mistyped, mostly because subtyping in the
5’NC region is based on a single-base change

at position 99 (adenine to guanine) (10).
Although the limitation of the 5’NC re-

gion for HCV typing is not crucial for clini-
cal practice, especially in the management
of antiviral therapy, the NS5B sequencing
appears to be more useful for epidemiologi-
cal investigations. Phylogenetic analysis of
this region could be useful to identify the
route of HCV transmission, e.g., in the de-
tection of HCV subtype(s) implicated in
nosocomial transmission (4,15).

The present study demonstrated that HCV
subtype 1a is the most prevalent among he-
modialysis patients in Central Brazil by
means of NS5B sequence analysis and LiPA
assay. In addition, both methods provide
similar HCV genotyping results at the geno-
type level, but the method involving direct
sequencing of the NS5B region is preferable
for the precise identification of HCV sub-
types that may suggest nosocomial trans-
mission at dialysis centers or for epidemio-
logical studies.
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