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Phylogenetic analysis of hepatitis C virus isolates from Argentina that were previously nontypeable by
restriction fragment length polymorphism (RFLP) analysis revealed that they belong to genotype 1a. A
substitution at position 107 (G3A), which is the landmark of these strains, was shown to be distributed among
isolates worldwide. The RFLP patterns obtained for these isolates should be added to the ones reported for
genotype 1 isolates.

Hepatitis C virus (HCV), an RNA virus belonging to the
genus Hepacivirus in the family Flaviviridae, is a major cause of
chronic progressive liver disease worldwide that may lead to
cirrhosis and/or hepatocellular carcinoma. Given that about
3% of the world’s population is chronically infected with HCV
and that 3 million to 4 million people are newly infected each
year, it has become a major problem in public health (19). In
fact, up to 35% of the approximately 170 million people chron-
ically infected with HCV will develop liver cirrhosis, and he-
patocellular carcinoma may develop in 2 to 7% of cirrhotic
patients (26).

HCV isolates are classified into six major genetic groups
referred to as genotypes, which show 30 to 35% dissimilarity
at the nucleotide level. Isolates of the same genotype are
further classified into subtypes, which show 20 to 25% nu-
cleotide sequence variability (22). The geographical distri-
bution of HCV genotypes has been described, with geno-
types 1a, 1b, and 3 being the most widely distributed all over
the world (20).

The HCV 5� untranslated region (5� UTR), which is 341
bases long and which shows a highly ordered secondary
structure, is the most slowly evolving region of the viral
genome (22). It is widely used for HCV genotyping, since it
contains certain sequence polymorphisms that facilitate
HCV genotype and even subtype identification by different
methods, including restriction fragment length polymor-
phism (RFLP) analysis following 5� UTR amplification by
reverse transcription-PCR (6).

We have recently reported on the identification of HCV
isolates displaying a new restriction site for RsaI (an enzyme

used to determine HCV genotype by 5� UTR RFLP analysis),
which renders these isolates nontypeable by this method (8).
The present study was performed to determine whether these
strains represent a novel subtype of genotype 1.

A total of eight plasma samples belonging to six children and
two adults with chronic HCV infection were analyzed. Except
for a mother-infant pair, all patients were unrelated. Total
RNA was extracted from plasma, and reverse transcription was
performed at 42°C for 60 min with the specific antisense
primer. Thereafter, the HCV 5� UTR (251 bp), core/E1 (810
bp), and NS5B (379 bp) regions were amplified by PCR with a
DNA polymerase exhibiting 3�-5� exonuclease activity. The
primers and PCR amplification conditions used in this study
are shown in Table 1.

The amplification products were sequenced bidirectionally,
and the sequences were aligned by using ClustalX software
(24). As for the 5� UTR, all samples displayed the previously
described G3A substitution at position 107 (relative to the
sequence reference strain H77; data not shown), which ac-
counts for the novel RFLP pattern obtained when restriction
was performed with HaeIII/RsaI (8).

The sequence similarity with other genotype 1 and non-
genotype 1 isolates available online (http://www.euhcvdb.ibcp
.fr; http://www.hcv.lanl.gov) was ascertained by distance-based
methods by the use of the most appropriate model of evolution
obtained from each alignment (16) and the neighbor-joining
algorithm for tree reconstruction. Molecular phylogeny was
estimated from the E1 and NS5B regions by use of a parsimony
approach. Statistical support for each node in the trees drawn
by both the neighbor-joining and the parsimony algorithms was
obtained by performing 1,000 bootstrap replicates of the orig-
inal nucleotide sequence alignment (7).

To provisionally designate an HCV strain as a new subtype,
a recently published proposal for HCV nomenclature recom-
mends amplification and sequencing of certain fragments of
the E1 and the NS5B regions of HCV (21). In the present
study, core/E1 and/or partial NS5B region amplification was
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achieved for six of the eight plasma samples (Table 1). The
results of analysis of the partial E1 region is shown in Fig. 1A.
As expected, all nontypeable isolates grouped together, indi-
cating that they are closely related. Furthermore, Argentine
nontypeable isolates and prototypic strains of genotype 1a
formed a monophyletic group, showing that the former isolates
may be classified as genotype 1a. Of note, one of the Argentine
strains of genotype 1a (as determined by RFLP analysis) iso-
lated in our laboratory also grouped with the nontypeable
isolates, thus confirming that the method used was appropriate
for genotyping.

Figure 1B shows the phylogeny obtained with the partial
NS5B region for five plasma samples. The tree topology
proved to be similar to the one obtained for the E1 region. The
same results were reached when analysis was performed by

distance-based methods (data not shown). Thus, we conclude
that the previously nontypeable isolates should provisionally be
classified as HCV genotype 1a.

The sequence alignments of the 5� UTR, 5� UTR-E1, and 5�
UTR-NS5B regions belonging to isolates with complete ge-
nome sequences available and of the 5� UTR-E1 and 5� UTR-
NS5B regions from partially sequenced genomes are included
in the supplemental material.

In order to evaluate the global distribution of the previously
described substitution at position 107, 5� UTR sequences from
our nontypeable isolates were aligned with other genotype 1a
sequences that have been isolated worldwide and that were
retrieved from HCV databases (4, 10). Remarkably, the G3A
substitution was present in samples from North and South Amer-
ica, Europe, and Asia (Table 2). According to their sequence

FIG. 1. Phylogenetic analysis of nontypeable isolates, other South American isolates, and prototypic HCV strains. Isolates are named according
to their GenBank accession numbers. HCV genotype and subtype are indicated in parentheses. Nontypeable isolates are labeled with an asterisk.
Bootstrap values greater than 70% after 1,000 resamplings are indicated at the nodes. (A) Phylogeny estimated by the use of partial E1 sequences
(nucleotides 878 to 1292 of reference isolate H77). The strict consensus tree of the eight most parsimonious trees is represented. **, Argentine
isolate of genotype 1a, as determined by RFLP analysis of the 5� UTR. (B) Phylogeny estimated by the use of partial NS5B sequences (nucleotides
8276 to 8615 of reference isolate H77). The strict consensus tree of the two most parsimonious trees is shown. ‡, samples from Brazil (L38359)
and Peru (AJ582134) retrieved from the HCV database (10).

TABLE 1. PCR amplification conditions and primers

HCV
region

PCR
round

Sequences (positions)
of primers useda

Amplification
conditions

No. of samples
amplified/total
no. of samples

5� UTR First 5�-GTGAGGAACTACTGTCTTCACGCAG-3� (47 to 71); 5�-TG
CTCATGGTGCACGGTCTACGAGA-3� (348 to 324)

5 min at 94°C; 30 cycles of 15 s at 94°C,
30 s at 58°C, and 30 s at 68°C

8/8

Second 5�-TTCACGCAGAAAGCGTCTAG-3� (63 to 82); 5�-CAC
TCTCGAGCACCCTATCAGGCAGT-3� (313 to 288)

The same as for the first round

Core/E1 First 5�-GCGTGAACTATGCAACAGGGAA-3� (823 to 844); 5�-GGT
GTTGAGGCTATCATTGCARTT-3� (1646 to 1623)

5 min at 94°C; 35 cycles of 15 s at 94°C,
30 s at 52°C, and 1 min at 68°C

5/8

Second 5�-TCCCGGTTGCTCTTTCTCTATCTT-3� (848 to 871); the
reverse primer was the same as that for the first round

The same as for the first round

NS5B 5�-ATGACACCCGCTGCTTTGAC-3� (8257 to 8276); 5�-CTR
GTCATAGCCTCCGTGAA-3� (8635 to 8616)

5 min at 94°C and 35 cycles of 15 s at
94°C, 30 s at 53°C, and 40 s at 68°C

5/8

a Nucleotide numbering is relative to that of reference sequence H77.
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diversity, HCV types and subtypes may be categorized as “en-
demic” or “epidemic” (20, 22). Genotype 1a belongs to the
“epidemic” group of strains, which have shown increasing di-
versification in the recent past and which are considered to be
the greatest threat to public health in the near future (17).
Indeed, Colina et al. (3) and Vega et al. (25) have shown the
increasing diversification of HCV isolates in South America,
whereas others suggested the migration of genotype 1a strains
from the United States to Brazil (13). Hence, the wide distri-
bution of the substitution mentioned above is a further indi-
cator of HCV diversification.

The intragenotype variability of unrelated HCV isolates may
be explained by neutral theory, in which neutral sequence
changes that occur in coding or noncoding regions become
fixed by chance (20). The previously detected G3A substitu-
tion may therefore represent one such event of neutral evolu-
tion within the HCV 5� UTR. However, further structural
biology studies need to be carried out in order to examine the
biological relevance of such mutation.

Finally, genotype determination is indicated before the on-
set of antiviral treatment, since genotypes 1 and 4 have been
reported to be more resistant to alpha interferon, and thus,

patients infected with these genotypes require more prolonged
therapy (20). Our results reveal that genotype 1a isolates from
Argentina, North America, Europe, and Asia may be misclas-
sified by standard genotyping methods. Therefore, we propose
that the restriction patterns observed for these previously non-
typeable isolates (8) be considered in addition to the ones
described by Davidson et al. (6) for HCV genotype 1.

Nucleotide sequence accession numbers. The GenBank ac-
cession numbers for the sequences reported in this work are
DQ313453 to DQ313468.
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