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Hepatitis C: Genotyping
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The heterogeneity of the hepatitis C virus (HCV) genome
was described at the beginning of the 1990s. Subsequently,
genotyping tests were developed in order to delineate and
differentiate these variants, leading to various classifications
in different parts of the world. However, in 1994, in a consensus
publication, criteria were established and a universal
classification was consolidated, comprising the identification
of 6 large groups or viral genotypes, in addition to over 70
different subtypes distributed worldwide. It was established
that genotypes differ from one another in 31% to 33%, as do
the subtypes in 20% to 25%.

The standardization in HCV classification was in
accordance with the uniformity of data published in scientific
and epidemiological studies on evolution and pathogenesis.
Due to genomic peculiarities of different populations in the
world, databases for centralization and collection of
information on HCV circulating genomes were created, by
region: the first in Japan by Prof. Masashi Mizokami et al.
(http://s2as02.genes.nig.ac.jp/); the second in the European
Union by Prof. Gilbert Deleage et al. (http://euhcvdb.fr/); and
the third in the United States by Dr. Carla Kuiken et al. (http:/
/hcv.lanl.gov/ or http://hcv-db.org). The accessibility of these
databases, which are consulted and updated by researchers
worldwide, helps standardize terms for HCV viral genotypes
and subtypes [1].

Prior to 1994, new variants were identified in Vietnam,
Thailand, Burma and Indonesia. These viral genotypes were
originally classified as genotypes 7, 8, 9, 10 and 11. These
variants were reclassified in 2005; genotype 10a came to be
denominated subtype 3k, and genotypes 7a, 7d, 7b, 7e/7c,
11a, 9a, 9b, 9c, 8b and 8a became subtypes 6e, 6c, 6d, 6f, 6g,
6h, 6i, 6j, 6k and 6l, respectively [1].

In Brazil, HCV genotype 1 is predominant, being identified
in 70% of the infected population, followed by genotypes 3
(in 25%) and 2 (in approximately 5%). In the southern region,
the profile is differentiated, the prevalence of genotype 3 being
comparable to that of genotype 1 [2,3].

The HCV viral genotype can be determined in a clinical
sample in different forms, and the regions of HCV genome
considered appropriate include the core, E1, NS4 and NS5
regions, as well as the 5’UTR, as mentioned in innumerable
studies [4,5].

The most direct method, considered the gold standard, is
the sequencing of the HCV genome in a certain region,
sufficiently divergent for different genotypes and subtypes
to be distinguished [5].

In practice, there are two categories of assays for the
diagnosis of HCV viral types: serotyping and genotyping [6,7].

The enzyme-linked immunosorbent assay, also known as
the indirect method (serotyping), commercialized only for
research, discriminates among the six HCV genotypes, and
not the subtypes. It presents genotype-specific antibodies
for different HCV genotypes (Serotype HCV 5’NC – Abbott-
Murex) in the NS4 region of the genome. This test omits the
determination of the quantity of circulating viral particles and
presents lower sensitivity and specificity in the diagnosis of
HCV genotypes, when compared with genotyping. Its
performance is also limited in the evaluation of
immunocompromised patients [3,7,8].

Genotyping (the direct method) analyzes the sequences
of various regions of the genome in the differentiation of HCV
genotypes and subtypes. Therefore, it depends on samples
that present viral particles for analysis. These techniques are:
sequencing, hybridization with genotype-specific probes, and
real-time polymerase chain reaction (PCR) [5,7,9].

Reverse hybridization, distributed under the commercial
name Line Probe Assay (LIPA - Versant HCV Genotype assay
1.0/2.0; Innogenetics, Ghent, Belgium; distributed by Siemens
Medical Solutions Diagnostics, Tarrytown, NY, USA), as
described by Lieven Stuyver et al. in 1993, uses nitrocellulose
tapes, on which oligonucleotide probes of region 5’NC,
complementary to each specific HCV genotype/subtype, are
immobilized. These tapes are hybridized under high stringency
conditions, and the PCR product is marked with biotinylated
primers in the amplification process. After hybridization, an
avidin conjugate will bind to the biotinylated hybrid. The
substrate will yield the formation of a colored product, which
will be deposited on the tape and reveal the viral genotype
present in the sample. Genotypes 1 through 6, as well as
subtypes 1a, 1b, 1a/1b, 2a/2c, 2b, 3a-c, 4a-h, 5a, 6a and 10a, are
discriminated. The results are evaluated through visual
assessment.

A new version of LIPA (version 2.0) adds probes of the
core region of HCV and enables distinction of subtypes 1c of
6 and subtypes 1a and 1b, which, in the former version, was
not possible for all the samples analyzed, since region 5’NC is
extremely conserved and may not present sufficient diversity
for the distinction of these subtypes. The interpretation of
results is also performed by assessing the nitrocellulose tapes
with a scanner, and the images are analyzed using a computer
program. The new version is in the registration phase for
distribution in Brazil [7,10,11].

Direct sequencing is the most complete information on
the variations of the sequences analyzed. In addition, it is an
ideal and definitive method for the study of viral genetic
variability. Moreover, the study of viral dynamics in the context
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of quasispecies, during the natural history of the disease or
as consequence of antiviral therapy, depends principally on
the direct sequencing of certain regions of the HCV genome.
Furthermore, it is considered the gold standard for determining
HCV genotypes and subtypes [7].

The sequencing technique for HCV genotyping consists
of PCR amplification of part of the viral genome, especially of
the 5’NC, NS5B and core regions. These regions are
sufficiently conserved for the development of reliable primers
and, at the same time, present diversity for the discrimination
of viral genotypes and subtypes. The PCR employed for
sequencing comes from PCR-HCV qualitative or
quantitative PCR HCV products, the volume of DNA and
the high purity of the resulting tapes being essential for
the success of the analyses. This second PCR is performed
specifically to adjust or mark these products for reading in
sequencers. The assessment of both tapes, positive and
negative, is essential in order to resolve possible
ambiguities during the evaluation of the sequencings [7].

The sequences provided by the equipment should be
analyzed, and there are international databases available
for consultation, for this purpose. These databases are also
used for the centralization and collection of sequences
worldwide. The database recommended for Brazil is the
European site http://euhcvdb.fr/, probably because of the
epidemiological pathway followed during the Brazilian
colonization period.

The genotyping test TRUGENE-SIEMENS HCV 5’NC
Genotyping Kit (Siemens Medical Solutions Diagnostics,
Tarrytown, NY, USA) offers software used in conjunction
with the equipment, with a previously selected genomic
library that analyzes the sequences of region 5’NC
immediately after sequencing. In addition to the genotyping
results, it presents the homology with patterns of HCV
genotypes and subtypes based on region 5’NC. This
methodology is only available to researchers [1,7,12].

The real time PCR-HCV method is a quantitative
molecular diagnostic test that uses TaqMan technology.
In this test, genotype-specific probes marked for HCV
typing were employed in order to identify genotypes 1, 2
and 3a. Another test, also based on TaqMan technology,
can identify genotypes 1 to 4 and presents specific probes
for subtypes 1a/b, 2a/b/c, 3a and 4b/c/d. Both
methodologies are based on region 5’NC [9,13-16].

Commercially, but only for research, there is the Abbott
Real-Time PCR HCV Assay (Abbott Diagnostics Europe,
Wiesbaden, Germany) test, which also determines the viral
genotype of the samples for HCV genotypes 1a, 1b, 2a, 2b, 3,
4, 5 and 6. This methodology for the genotyping of HCV is
associated with viral quantification, levels below 6053 IU/mL
compromising the efficiency and sensitivity of the test [9].

The identification of genotypes is clinically important, and
treatment protocols recommend that genotype information
be obtained in order to delineate the duration and type of the
medication to be used. The literature mentions that genotypes

1 and 4 are considered more resistant than are genotypes 2
and 3, and that the standard treatment consists of interferon
combined with ribavirin. Another disadvantage of genotypes
1 and 4 is that they present a worse prognosis of evolution of
the disease. For treatment-naïve patients, infection with
genotype 1, 4 or 5 should be treated for 12 months, compared
with 6 months for infection with genotype 2 or 3. The
Consensus Group recommends pegylated interferon
combined with ribavirin for genotype 1. For re-treatment,
pegylated interferon associated with ribavirin is
recommended, regardless of the genotype, in the usual doses,
respecting the duration recommended for genotype 1 for other
genotypes. In cases of HIV/HCV co-infection, the response
to antiviral therapy for HCV is not favorable: 14%-38% for
genotype 1; and 43%-73% for genotypes 2 and 3 [1,7,17,18].
The advantages of genotyping methods include reliability
and the opportunity to obtain important information on the
molecular pathogenesis of HCV [7].

The impact of HCV heterogeneity and its different
genotypes on the everyday clinical management of HCV
chronic infection has not been completely established, nor
has its role as an epidemiological marker been clarified.
The sensitivity and specificity of serological and virological
tests can also be influenced by the heterogeneity of HCV,
which justifies constant evolution in the study of patients
and differentiation techniques of HCV genotypes and
subtypes [4].
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