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High proportion of hepatitis C virus genotypes 1 and 3 in a large
cohort of patients from Southern Brazil

Cláudia Maria Dornelles da Silva/*/+, Cintia Costi/****, Luciano Percival Krug**,
Ana Beatris Ramos***, Tarciana Grandi/****, Vitório Luiz Gandolfi*****,
Maria Elizabeth Menezes******, Maristela Ocampos*******/********,

Christian Niel********, Maria Lucia Rosa Rossetti/*

Centro de Desenvolvimento Científico e Tecnológico do Estado do Rio Grande do Sul, Fundação Estadual de Produção e Pesquisa
em Saúde, Secretaria de Saúde do Estado do Rio Grande do Sul, Av. Ipiranga, 5400, 90610-000 Porto Alegre, RS, Brasil
*Universidade Luterana do Brasil, Canoas, RS, Brasil **Laboratório Amplicon, Porto Alegre, RS, Brasil ***Fundação de

Cardiologia, Alvorada, RS, Brasil ****Centro de Biotecnologia, Universidade Federal do Rio Grande do Sul, Porto Alegre, RS, Brasil
*****Setor de Virologia, Laboratório Central de Santa Catarina, Secretaria Estadual de Saúde do Estado de Santa Catarina,
Florianópolis, SC, Brasil ******Laboratório DNAnalise, Florianópolis, SC, Brasil *******Instituto de Biotecnologia Aplicada,

Florianópolis, SC, Brasil ********Laboratório de Virologia Molecular, Instituto Oswaldo Cruz-Fiocruz, Rio de Janeiro, RJ, Brasil

Hepatitis C virus (HCV) isolates have been divided into six genotypes (1 to 6). The duration of hepatitis C
standard treatment is 48 weeks for patients infected with HCV genotype 1 vs 24 weeks for those infected with
genotypes 2 and 3. A total of 1544 HCV isolates from chronic patients living in the southern Brazilian states of
Rio Grande do Sul (RS, n = 627) and Santa Catarina (SC, n = 917) were genotyped by restriction fragment
length polymorphism (RFLP) of polymerase chain reaction (PCR) products. In RS, 338 (53.9%; 95% CI 50.0 -
57.8%), 34 (5.4%; 95% CI 3.8 - 7.4%) and, 255 (40.7%; 95% CI 36.9 - 44.6%) samples were from genotypes 1,
2, and 3, respectively. In SC, 468 (51%; 95% CI 47.8 - 54.2%), 26 (2.9%; 95% CI 1.9 - 4.1%) and, 423 (46.1%;
95% CI 42.9 - 49.3%) samples were from genotypes 1, 2, and 3, respectively. Genotyping results were confirmed
by direct nucleotide sequencing of PCR products derived from 68 samples, without any discrepancy between
PCR-RFLP and nucleotide sequencing methods. In conclusion, almost half of the hepatitis C patients from
South of Brazil are infected by genotypes 2 and 3 and, these results have important consequential therapeutic
implications as they can be treated for only 24 weeks, not 48.
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Chronic hepatitis C, caused by infection with hepati-
tis C virus (HCV), is a global health problem, with more
than 170 million infected individuals worldwide (WHO
1999). In 15 - 20% of acute HCV infections, the pa-
tients recover spontaneously. However, in a large ma-
jority of cases, the disease runs a chronic course, clini-
cally silent. Persistent infection may lead to severe liver
diseases, such as cirrhosis and hepatocellular carcinoma,
which require intensive treatment regimens and, in some
cases, liver transplantation, and long-term care.

HCV is primarily transmitted by the parenteral route.
Sexual and perinatal transmissions have also been
demonstrated, although less frequent (Poupon 2005).
Since there is no available vaccine against hepatitis C,
the only means to lower the disease burden are prevention
of new infections and treatment of chronic carriers.

HCV has a large genetic heterogeneity. Virus isolates
have been classified into six genotypes (1 to 6), based

on nucleotide sequence divergence of 30 - 35%
(Simmonds 2004). Genotypes 1, 2, and 3 circulate around
the world, while genotypes 4, 5, and 6 are restricted to
determined geographical areas (McOmish et al. 1994). In
Brazil, genotypes 1, 2, and 3 predominate, although geno-
types 4 and 5 have also been found (Campiotto et al. 2005).

HCV genotype determination is necessary to define
the optimal duration of therapy and the likelihood of re-
sponse. According to the European Association for the
Study of the Liver (EASL 1999) International Consen-
sus Panel and National Institutes of Health (NIH 2002)
Consensus Panel on management of hepatitis C, standard
therapy for chronic HCV infection is based on combina-
tion of pegylated interferon (PEG IFN) alfa-2a or alfa-2b
with ribavirin (RBV) during 48 weeks for patients infected
with genotype 1 or 4, or IFN alfa-2a or alfa-2b with RBV
during 24 weeks for those infected with genotypes 2 or 3.

Most genotyping methods include a first step of re-
verse transcription of viral RNA and polymerase chain
reaction (PCR) amplification. The conserved 5' noncoding
region (NCR) of the HCV genome has been used as a target
for a number of diagnostic assays. This region can be char-
acterized by probe hybridization or by variations in restric-
tion pattern. HCV genotype can also be determined indi-
rectly by using type-specific antibodies in a competitive
enzyme immunoassay (Forns &  Costa 2006).
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In Brazil, several studies have been conducted to de-
termine the distribution of HCV genotypes among dif-
ferent groups of individuals. Most of these studies have
shown a predominance of genotype 1 (Krug et al. 1996,
Oliveira et al. 1999, Paraná et al. 2000, Busek & Oliveira
2002, Codes et al. 2003, Vogler et al. 2004, Martins et
al. 2006, Silva et al. 2006). The aim of the present study
was to determine with precision the frequency of each
HCV genotype in the South of Brazil, by studying a large
cohort of patients from Rio Grande do Sul (RS) and Santa
Catarina (SC), the southernmost states of the country.

PATIENTS, MATERIALS AND METHODS

Blood samples - Blood samples were collected be-
tween 2001 to 2003 from 627 chronic hepatitis C pa-
tients living in different counties of the state of RS. The
samples were selected from HCV RNA positive patients
attending ambulatories of state Public Health Service.
Genotyping was required to define treatment manage-
ment and for free supply of antiviral drugs. Demographic
data (age and gender) were collected retrospectively
from patient medical records. This project was approved
by the Ethical Committee of the Fundação Estadual de
Produção e Pesquisa em Saúde.

Samples were collected in tubes containing EDTA,
centrifuged at the collect site (Public Health Central
Laboratory, Porto Alegre, RS), and sent immediately in
a refrigerated container to the Amplicon Laboratory,
Porto Alegre, for HCV genotyping. All samples were
stored at -70°C until use. To avoid RNA degradation,
aliquots were not thawed more than once prior to analysis.

In addition, blood samples of 917 chronic hepatitis
C patients from different counties of the state of SC were
collected between 2003 to 2006 at, or sent to,
DNAnalise laboratory, Florianópolis, SC, for HCV
genotyping. Gender data from 181 patients were col-
lected retrospectively from laboratory records.

Viral RNA extraction, cDNA synthesis and PCR
amplification - Viral RNA was extracted from 100 ml
of plasma using the guanidinium isothiocyanate-phenol-
chloroform method (Chomcynski & Sacchi 1987). Re-
agents for RNA extraction, cDNA synthesis, and PCR
were obtained from Invitrogen (Carlsbad, CA). Each batch
of samples was processed with positive and negative
controls in all steps. After extraction, the pellets were
resuspended in a volume of 10 ml containing 10 mM
Tris HCl, pH 8.0, and 10 U of Rnasin. Reverse transcrip-
tion was carried out with 20 U of Moloney murine leu-
kemia virus reverse transcriptase and 0.5 µM of antisense
primer 5'-CATGGTGCACGGTCTACGAGACC-3' (nt 310-
332) in 50 mM Tris-HCl, pH 8.3, 75 mM KCl, 3 mM
MgCl2, and 0.5 mM each deoxynucleotide for 1 h at 37ºC.

PCR assays (for amplification of the 5� NCR of the
HCV genome) were carried out in a final volume of 50
ìl containing 5 µl of the cDNA reaction mix,  5 units of
Taq DNA polymerase, 20 mM Tris-HCl, pH 8.4, 50 mM
KCl, 0.2 mM of each deoxynucleotide and 0.5 µM of
each primer. First round was performed with external
sense primer 5'-GGCGACACTCCACCATAGATC-3' (nt
6 - 26) and the external antisense primer described above.

Ten µl of the first round product, along with internal sense
5'-GGAACTACTGTCTTCACGCAGA-3' (nt 39 - 56) and
antisense 5'-TCGCAAGCACCCTATCAGGCAG-3' (nt
277 - 298) primers, were used in the second round. Both
reactions were for 35 cycles at 94°C for 30 s, 50°C for
30 s and 72°C for 60 s, with a final extension step of
72°C for 7 min (Krug et al. 1996). PCR products were
separated by 2% agarose gel electrophoresis and visual-
ized under UV light after ethidium bromide staining.

Genotyping - HCV genotyping was performed by
PCR-RFLP, according to the method described by
McOmish et al. (1994). The genotypes of 68 HCV
samples were confirmed by direct nucleotide sequenc-
ing of the 5� NCR region of HCV. Nested PCR products
(259 bp) were submitted to cycle sequencing reactions,
using the ABI Prism BigDye Terminator Cycle Sequenc-
ing Ready Reaction kit (Applied Biosystems, Foster City,
CA). The reaction mixture contained 8 ìl of Terminator
Ready Reaction Mix, 8 ìl of water, 1 pmol of PCR inter-
nal primer and 2 ìl of PCR products. Sequencing reac-
tions were performed in a PTC-200 thermocycler (MJ
Research, Watertown, MA) under the following condi-
tions: 25 cycles at 96ºC for 10 s, 50ºC for 5 s, and, 60ºC
for 4 min. Reaction products were analyzed in an Auto-
mated DNA Sequencer ABI3100 (Applied Biosystems).
Both DNA strands were sequenced.

The results were edited and analyzed with nucleotide-
nucleotide BLAST (blastn) software and the genotypes
were determinated by comparing the reference se-
quences deposited in the DNA databanks. Also, the over-
all sequences were confirmed by phylogenetic analysis
using the PAUP program (version 4.0), using the se-
quences of 5� NCR region downloaded from Los Alamos
National Laboratory (www.hcv.lanl.gov). The nucleotide
sequences determined in this work were deposited in the
GenBank database under the accession numbers EF558854-
EF558890 (genotype 1), EF564603-EF564609 (genotype
2), and EF571224-EF571247 (genotype 3).

Statistical analysis - Fisher�s exact test and chi-
square test with Yates� correction were used to analyze
qualitative data. All p values are two-tailed; p values <
0.05 were considered statistically significant. The sta-
tistical analysis included the calculation of the 95% con-
fidence interval (95% CI).

RESULTS

The mean age of the 627 chronic hepatitis C patients
living in the state of RS was 46 years old (range 18 to 75
years). Three hundred fifty subjects (55.8%) were male
and 277 (44.2%) were female. The Table shows that geno-
types 1, 2, and 3 were detected, with a predominance of
genotypes 1 (53.9%) and 3 (40.7%), and a low propor-
tion (5.4%) of genotype 2. No significant correlation of
HCV genotypes with age or gender was found.

The prevalence of HCV genotypes in SC was studied
in a total of 917 patients. Among 181 patients whose
gender was known, 129 (71.3%) subjects were male and
52 (28.7%) were female. Genotype 1 was also predomi-
nant (51%), followed by genotypes 3 (46.1%), and 2
(2.9%) (Table).
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PCR-RFLP genotyping results of 68 samples (37
were from genotype 1, seven from genotype 2, and 24
from genotype 3) were confirmed by direct nucleotide
sequencing of PCR products. No discrepancy was found
between the two methods.

DISCUSSION

Hepatitis C infection may lead to a substantial health
and economic burden over the next 10 to 20 years (Wong
2006). From a public health perspective, the implemen-
tation of molecular tests as an integral part of the diag-
nostic and therapeutic management of infections with
HCV should be imperative.

Due to the different treatment schedules between
genotype 1 (48 weeks) vs genotypes 2 and 3 (24 weeks),
genotype distribution has significant influence on the
total costs and morbidity of HCV treatment. The gold
standard methodology for genotyping HCV samples is
represented by nucleotide sequencing (Simmonds 1995).
However, in a routine diagnostic virology laboratory, sim-
pler, faster and less expensive methods are required. Here
we compare RFLP-PCR, an indirect method used to type
all samples, and nucleotide sequencing analysis, in or-
der to evaluate the validity of RFLP-PCR in the popula-
tion under study. All the 68 samples tested gave the same
genotyping result with both methods, with a 100% ac-
cordance rate between them.

In a previous study performed in 1995 - 1996 in RS,
and including 100 HCV RNA positive patients (Krug et
al. 1996), genotypes 1, 2, and 3 were found at frequen-
cies of 55%, 8%, and 37%, respectively. Here, the HCV
genotype distribution was determined in a population of
more than 1500 patients living in the RS and SC, South
of Brazil. This represented the largest study in this re-
gion of the world. Our data show that genotypes 1

(53.9%), 2 (5.4%), and 3 (40.7%) are the only ones cir-
culating in the South of Brazil, with frequencies similar
to those previously found, indicating the absence of sub-
stantial changes during the last decade.

The high frequency of genotype 3 observed in RS and
SC is a relevant finding  because the response to alpha
interferon is generally better for this genotype than for
the others, consequently reducing the antiviral treatment
duration and the costs (Wong 2006, Van Soest et al.
2006). Finally, our data can provide new insights to facili-
tate surveillance policies with the recognition of the need
for local resources to face this frequently silent infection.
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