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Cátedra de Virologı́a, Facultad de Farmacia y Bioquı́mica, Universidad de Buenos Aires,1 and
Hospital de Niños Ricardo Gutiérrez,2 Buenos Aires, Argentina

Received 6 April 1998/Returned for modification 22 June 1998/Accepted 19 August 1998

Differences in pathogenesis and the probability of becoming a chronic carrier depend on the age at which
hepatitis B virus (HBV) infection is acquired, ranging from 82% in infants less than 6 months of age to 15 to
30% in older children. HBV genotypes from 22 pediatric patients from two areas that differ in prevalence have
been determined. Phylogenetic analysis shows a clear difference between the genotype distribution in Buenos
Aires, a low-prevalence area, and that found in Gualeguay, Entre Rı́os, a high-prevalence area. While the
analysis allocated the sequences in the Buenos Aires group to genotypes A (36%), D (9%), and F (55%), the
Gualeguay group presented exclusively genotype A isolates with very low nucleotide divergence, which suggests
a strong founder viral population. The high prevalence of genotype F in the Buenos Aires group and its high
intragroup heterogeneity agree with the American origin of this genotype.

Hepatitis B virus (HBV) is an etiologic agent of acute and
chronic liver disease distributed throughout the world. Ap-
proximately 5% of the world population is infected with HBV,
and chronically infected patients with active liver disease run a
serious risk of developing cirrhosis and hepatocellular carci-
noma.

Differences in pathogenesis and the probability of becoming
a chronic carrier depend on age. The percentage of individuals
who become chronically infected with HBV is related to the
age at which the infection is acquired. It ranges from 82% in
infants less than 6 months of age (5) to 15 to 30% in older
children (3, 5). Therefore, a large reservoir of infection is
maintained predominantly by the transmission of HBV to in-
fants.

The serologic and genetic classification of that virus has been
established. A genetic classification based on the comparison
of complete HBV genomes has defined six genotypes, named
A to F (11, 12). It has also been shown that the pattern of
clustering obtained with S-gene sequences agrees with the clas-
sification based on complete genomes (2, 10, 13). Therefore,
accumulated S-gene sequences may be used to assess the
worldwide molecular epidemiology of HBV.

In the present study, HBV isolates from children chronically
infected were analyzed to determine the molecular epidemiol-
ogy of HBV in the pediatric population.

Serum samples were collected from children undergoing
treatment at the Hospital de Niños Ricardo Gutiérrez, which
deals with most of the nation’s pediatric HBV-infected pa-
tients. Two groups of patients were studied, and all of them
met the following eligibility criteria: positivity for hepatitis B
surface antigen, chronic hepatitis indicated by liver biopsy, and
no relation to each other. Serum samples of 11 children (av-

erage age, 11.4 years) were collected from patients living in
Buenos Aires, which has been described as a low-prevalence
area. Eleven other serum samples were obtained from children
(average age, 12.9 years) living in Gualeguay, a country town of
36,000 inhabitants that is 150 miles from Buenos Aires and is
suspected to be a high-prevalence area.

For HBV DNA amplification, a nested PCR was performed
to amplify part of the surface gene. Briefly, DNA extracted
from 200 ml of serum by the phenol-chloroform method was
amplified with primers 163 (59 CCC AAT ACC ACA TCA
TCCA 39, positions 758 to 740) and 376 (59 CTC ATC TTC
TTC TTG GTT CTT CTG GA 39, positions 425 to 450) (8) for
the first round of amplification. In the second round, primers
HBS1 (59 CAA GGT ATG TTG CCC GTT TG 39, positions
455 to 474) and HBS2 (59 AAA GCC CTG CGA ACC ACT
GA 39, positions 713 to 694) were used (15). Sequencing of the
PCR product was done with the Femtomol sequencing kit
(Promega Corp.) and primers HBS1 and HBS2.

A phylogenetic analysis was carried out by using those se-
quences. DNA alignments were generated with the Clustal W
program. Phylogenetic trees were constructed with PHYLIP,
version 3.5c (6). Bootstrap analysis was done by using the
programs SEQBOOT (to generate 100 reshuffled sequences),
DNA-DIST, KITSCH, and CONSENSE.

The partial S-gene nucleotide sequences (nucleotides 498 to
691) of the HBV genomes from the 22 children are given in
Fig. 1.

The phylogenetic analysis showed a clear difference between
the genotype distribution found in the Buenos Aires group, a
low-prevalence area, and that found in the Gualeguay group, a
high-prevalence area. While the sequences of the Buenos
Aires group were allocated to genotypes A (36%), D (9%), and
F (55%), those of the Gualeguay group belonged exclusively to
genotype A isolates (Fig. 2).

When series of paired sequences of Gualeguay samples were
compared, they differed by only two nucleotides, at most (av-
erage nucleotide divergence of 0.36%). In contrast, genotype
A genomes from Buenos Aires presented an average intra-
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group heterogeneity of 1.84%. The average divergence values
of both groups were significantly different (P , 0.0001, t test).

The presence of only genotype A, the high similarity among
all of the S-gene sequences, and the absence of genotype F
suggest the existence of a strong founder viral population in
Gualeguay.

Serologic data indicate that one or more family members
(including five mothers) were HBV infected in 82% of the
cases. Although we cannot confirm vertical transmission be-
cause of the absence of prenatal serologic data on the mothers,
that route cannot be ruled out. None of the 11 children had
received a blood transfusion or blood derivatives, and they had
not undergone any surgery. Therefore, household or even ver-
tical transmission is associated with 82% of those cases. The
route of transmission for the others is not clear. That region is
now suspected of having a greater prevalence of HBV infec-
tion, and a further epidemiological study is in progress.

The distribution of HBV genotypes from a pediatric popu-
lation in Buenos Aires agrees with previous results from adult
patients. In a previous report, we showed the occurrence of

genotypes A, D, B, and mainly F in chronically infected adults
from Buenos Aires, Argentina (13).

The presence of genotypes A and D reflects the immigrant
origins of the Buenos Aires population. Buenos Aires is a
cosmopolitan city which has received immigration from the
Mediterranean area, where genotype D predominates. Thus,
we should expect genotype D rather than A to be prevalent.
Magnius and Norder (9) suggested that genotype D may have
replaced genotype A in the Mediterranean area, including
North Africa. If this replacement occurred after the spread of
HBV strains to America, it would explain the important pres-
ence of genotype A in Argentina. Therefore, genotype D might
have been introduced into Argentina by the more recent im-
migration from the Mediterranean area.

We have also shown that even in the important virus reser-
voir of the chronically infected infants from Buenos Aires,
genotype F predominates, with a high average nucleotide di-
vergence value of 2.29% (range, 0 to 4.81%).

The genetic relationship of our genotype F strains to the
other American published sequences belonging to that geno-

FIG. 1. Nucleotide sequences of the 22 pediatric HBV isolates aligned with that of clone pHBV-3200 (14). The nucleotide sequences correspond to nucleotides 498
to 691 from the EcoRI site. The designations used to indicate geographic origin are as follows: GU, Gualeguay; BA, Buenos Aires.
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type was studied. Twenty-two isolates from Central America,
five from Argentina, one from Colombia, and one from Brazil
were included in the phylogenetic analysis with partial S-gene
sequence information (1, 13). The same three different clusters
formerly described by Arauz-Ruiz et al. on the basis of the
complete S-gene sequences (1) were found, even when two
different programs (KITSCH and UPGMA) were used to con-
struct the phylogenetic tree (Fig. 3). While almost all Central
American strains belong to cluster I, most of the Argentinian
samples (pediatric as well as adult samples) are included in
cluster II, together with the Brazilian and Colombian strains.
The average intergroup nucleotide divergence between the two
clusters (2.72%) is an extremely significantly different (P ,
0.0001, t test) from the average intragroup divergences (0.86
and 1.44% for clusters I and II, respectively). These results
suggest the existence of those two subgroups. None of the
Argentinian isolates belong to the third cluster, which is the
most divergent subgroup, F. Consequently, Central and South
American isolates seem to fit into different clusters, which
indicate different replication and survival of each genetic sub-
group in those geographic areas.

Moreover, the coexistence of highly divergent genomes sug-

gests a long natural history for genotype F in its host, as has
been indicated for other viruses, such as simian immunodefi-
ciency virus and human T-cell leukemia/lymphoma virus type I
(4, 7). Like the phylogenetic analysis performed by Norder et
al. (11), the above results imply an ancient origin of genotype
F.

Finally, we observe that a highly populated and cosmopoli-
tan city like Buenos Aires, has a heterogeneous distribution of
HBV genotypes, where American genotype F prevails. In con-
trast, the combination of a low human population density with
more emigration than immigration and a strong founder viral
population produces the high prevalence of a unique HBV
genotype. In Gualeguay, it is genotype A.

These results suggest that similar characteristics in the en-
vironment of another small city in Argentina could bring about
the same epidemiological predicament, i.e., the existence of a
unique HBV population which belongs to genotype A or F or
another genotype.

Nucleotide sequence accession numbers. The GenBank ac-
cession numbers of the sequences reported here are AFO
43559 to AFO 43580.

FIG. 2. Unrooted tree based on 44 partial S-gene sequences: 22 from the present study and 22 from GenBank. The DNA-DIST and KITSCH programs were used.
The bootstrap value for each genotype group is indicated. The different genotypes of GenBank sequences are designated by the letters A to F in front of the accession
numbers.
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FIG. 3. Cladogram based on 36 partial S-gene sequences which belong to
genotype F: 11 from Argentina, 22 from Central America, 1 from Colombia, 1
from Brazil, and 1 from France. The other three sequences, from a woodchuck
hepatitis virus strain (WHV), were chosen as the outgroup. Two different meth-
ods (KITSCH and UPGMA) were used independently on a distance matrix
calculated by DNA-DIST and yielded the same pattern of clustering in both
cases. The designations used to indicate geographic origin are as follows: CA,
Central America; SA, South America; Arg, Argentina; Br, Brazil, Co, Colombia.
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