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Abstract
Hepatitis B virus (HBV) is a globally distributed human pathogen that leads to both self-lim-

ited and chronic infections. At least eight genotypes (A-H) with distinct geographical alloca-

tions and phylodynamic behaviors have been described. They differ substantially in many

virological and probably some clinical parameters. The aim of this study was to analyze full-

length HBV genome sequences from individuals with symptomatic acute HBV infections

using phylogenetic and coalescent methods. The phylogenetic analysis resulted in the fol-

lowing subgenotype distribution: F1b (52.7%), A2 (18.2%), F4 (18.2%) and A1, B2, D3 and

F2a 1.8% each. These results contrast with those previously reported from chronic infec-

tions, where subgenotypes F1b, F4, A2 and genotype D were evenly distributed. This differ-

ential distribution might be related to recent internal migrations and/or intrinsic biological

features of each viral genotype that could impact on the probability of transmission. The

coalescence analysis showed that after a diversification process started in the 80s, the cur-

rent sequences of subgenotype F1b were grouped in at least four highly supported line-

ages, whereas subgenotype F4 revealed a more limited diversification pattern with most

lineages without offspring in the present. In addition, the genetic characterization of the

studied sequences showed that only two of them presented mutations of clinical relevance

at S codifyng region and none at the polymerase catalytic domains. Finally, since the acute

infections could be an expression of the genotypes currently being transmitted to new

hosts, the predominance of subgenotype F1b might have epidemiological, as well as, clini-

cal relevance due to its potential adverse disease outcome among the chronic cases.
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Introduction
The study of the origin, emergence, and spread of viral infections in human populations is one
of the most active and productive areas of research in modern evolutionary biology [1]. Hence,
the study of viral phylogeography and evolution is not only of historical significance, but by
revealing the rules of viral evolution, it might also be possible to shed light on disease epidemi-
ology [2].

Hepatitis B virus (HBV) has a remarkably complex evolutionary history. The intricate
genetic organization based on overlapping reading frames, its DNA nature and the peculiar
replication strategy are but a few factors that make the evolutionary analysis of this virus diffi-
cult [3–5]. HBV is classified into eight main genotypes (A-H) and two additional (I and J) were
tentatively proposed [6,7]. In addition, the diversity of this virus is strongly geographically
structured, with a variety of subgenotypes and inter-genotype recombinants exhibiting distinct
geographical allocations [6,8].

The study of the genotype diversity might be helpful not only for understanding the mecha-
nisms of disease pathogenesis, the development of biomarkers for diseases prognosis or the
identification of potential therapeutic targets, but also for evaluating the evolutionary history
of the virus [5].

On the clinical bases, HBV may cause self-limited and persistent infections, depending on
the interplay between host immunity and viral evasion strategies [9,10]. Several studies per-
formed on chronic HBV infections have suggested differential biological and clinical features
for different genotypes and subgenotypes [9,11–15]. However, HBV virus from self-limited
cases has not been extensively studied so far.

Taking into account that acute infections could be an expression of the genotypes currently
being transmitted to new hosts, the aim of this work was to study the distribution and evolu-
tionary dynamics of HBV genotypes in symptomatic acute infections in Buenos Aires city,
Argentina.

Materials and Methods

Samples
Serum samples from 55 epidemiologically unrelated HBsAg positive subjects diagnosed with
symptomatic acute HBV, admitted to Hospital Italiano (Buenos Aires, Argentina) and Hospital
de Enfermedades Infecciosas “F. Muñiz” (Buenos Aires, Argentina), dating from 2000–2013,
were included in this study. These samples have been reported and partially characterized pre-
viously by González López Ledesma et al. [11].

The inclusion criteria of the patients were: acute onset of hepatitis symptoms, levels of
serum alanine aminotransferase (ALT)>10-fold the upper reference limit, positivity for IgM
antibody to the hepatitis B core antigen (anti-HBc) and spontaneous HBsAg seroconversion
within the first six months from the clinical onset of the infection. The exclusion criteria were:
no consent; clinical or histological diagnosis of cirrhosis; immunosuppressed individuals (HIV
positive with detectable viral loads or CD4+ lymphocytes lower than 200/mm3); oncological
patients; HCV positive individuals; or insufficient follow-up for diagnosis. No fulminant cases
were observed.

HBV-DNA amplification
Briefly, DNA was extracted from 200μl of serum sample by using a High Pure Viral Nucleic
Acid extraction Kit (Roche, Germany) according to manufacturer’s instructions. Six nested
PCRs were performed to obtain the complete genome of the isolates (S1 Table). Samples were
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sequenced using an ABI3730XL Sequencer (Applied Biosystems, USA). Sequences were edited
and aligned with BioEdit v.7.2.0 [16]. Sequences were deposited in Genbank with the accession
numbers KJ843163 -KJ843218 (S2 Table).

Phylogenetic analysis
For subgenotyping, complete genome sequences of the 55 collected isolates were comple-
mented with 58 reference samples from different HBV genotypes (A-H) retrieved from
GenBank.

Phylogenetic relationships were evaluated using the maximum likelihood (ML) methods.
ML trees were obtained by using PhyML v.3.1 software [17] and the general time reversible
(GTR) +I+G nucleotide substitution model, estimated using jModeltest v.2.1.4 [18] according
to the Akaike Information Criterion (AIC). Robustness of the phylogenetic grouping was eval-
uated by bootstrapping (1000 replicates).

Genetic characterization
In order to identify mutations with clinical or epidemiological relevance, nucleotide and
deduced amino acid sequences belonging to S protein and viral polymerase of the isolates
reported in this study were compared to prototype sequences for each genotype/subgenotype.

Coalescence analysis
The complete genome sequences generated in this study were introduced in Bayesian coales-
cent analyses in order to study the population dynamics of different subgenotypes of the geno-
type F. Each subgenotype dataset was constructed and analyzed separately. They included the
sequences obtained in this work (subgenotype F1b n = 32 and subgenotype F4 n = 11) and
sequences from acute patients, derived from the same population and period, reported previ-
ously by Pezzano et al. [15] (FJ657521, FJ657523, FJ657524, FJ657522)

The temporal signal of each dataset was roughly studied through the root-to-tip method
(genetic divergence to the root inferred from a ML tree against sampling time) using the Path-
O-Gen v1.4 software (http://tree.bio.ed.ac.uk/software/pathogen/). Under this analysis, the
correlation coefficient would indicate the amount of variation in genetic distance that is
explained by sampling time and provides a measure of the clockliness of the data. This analysis
showed evidence for temporal information in the datasets (subgenotype F1b: correlation coeffi-
cient = 0.47; subgenotype F4: correlation coefficient = 0.63) and low adjustment to a strict
molecular clock.

The coalescent analysis was performed under the most appropriate model of base substitu-
tion for each dataset (GTR+I+G for subgenotype F1b and TIM2+G for subgenotype F4) esti-
mated, as previously mentioned. The uncorrelated lognormal molecular clock model and the
Bayesian Skyline model implemented in BEAST v.1.7.5 software package [19] were used. Anal-
yses were run for 20 million generations (sampling every 2000 generations) and convergence
was evaluated with Effective Sampling Size values higher than 200 for each parameter. Ten per-
cent of the sampling was discarded as burn-in and acceptable mixing was visualized with the
Tracer v1.5 software. Uncertainty in parameter estimates was evaluated in the 95% highest pos-
terior density (HPD95%) interval. The posterior tree distribution was summarized with the
program TreeAnnotator v.1.7.5 and the annotated maximum clade credibility tree (MCCT)
was visualized with FigTree v.1.4.0 (http://tree.bio.ed.ac.uk/soft-ware/figtree/).
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Ethical considerations
This study was approved by the Ethics Committee of the Facultad de Farmacia y Bioquímica of
the Universidad de Buenos Aires. Blood sample collection was conducted after written consent
forms had been signed. The study was performed in accordance with provisions of the Declara-
tion of Helsinki and Good Clinical Practice guidelines.

Results

Subgenotype distribution
In order to evaluate the subgenotype distribution, the full-length genome sequences of the 55
isolates from the acute infections were studied by phylogenetic analysis. Four out of the eight
major genotypes described were present in the studied cohort. The overall subgenotype preva-
lence resulted as follows: F1b (52.7%), A2 (21.8%), F4 (18.2%) and A1, B2, D3 and F2a with
1.8% each one (Fig 1).

Characterization of circulating HBsAg / Polymerase variants
The genetic characterization of the 55 sequences showed only two samples with mutations at S
codifyng region (P142S, D144A in Ag10-subgenotype A2 and S143L in Ag26-subgenotype D3)
in sites related to immune escape. No mutants associated with antiviral resistance were
detected.

Evolutionary analysis
The evolutionary dynamics of isolates from acute infection by subgenotype F1b and subgeno-
type F4 was studied through Bayesian coalescent analyses. For subgenotype F1b and subgeno-
type F4, the most recent common ancestors were dated in 1966 (HPD95% = 1808–1982) and
in 1990 (HPD95% = 1975–2002), respectively (Table 1). The analysis indicated that the current
circulating strains from subgenotype F1b derived from at least four main lineages (groups with
posterior values�0.70, I- IVF1b, in Fig 2) dated in the early 80s and that would have its diversi-
fication process during the 90s. In contrast, a different scenario was drawn for subgenotype F4,
which would present a more limited diversification pattern with at least three supported line-
ages (I-IIIF4) but only one of them with offspring in the more recent sampling dates (IF4) with
an ancestor dated on 2004 (Fig 3). However a cautious interpretation is needed owing to the
low number of sequences available for this subgenotype.

Discussion
The study of the distribution of the HBV genotypes in the symptomatic acute course of infec-
tion provides information about their current regional circulation. In this study, we provide
new epidemiological data on the HBV subgenotypes in acute symptomatic infections in Buenos
Aires, Argentina. The 55 complete genome sequences included in this work represent about
25% of all complete sequences reported as HBV acute infections that are currently available on
the GenBank. Particularly, they correspond to all available full length sequences of primary
infections caused by subgenotypes F1b and F4.

The distribution of the described subgenotypes could be a reflection of the demographic his-
tory of the region, but it might also be consequence of the intrinsic biological features of the dif-
ferent strains. Moreover, the genotype distribution constitutes valuable information since
different (sub)genotypes may present different clinical evolution.

In this work, the phylogenetic analysis grouped the full-length genome sequences as geno-
types: F (70.9%), A (23.6%) and D (1.8%). The high prevalence of gF in acute infections from
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the metropolitan area of Buenos Aires and the differential distribution of genotypes according
to the acute or chronic course of the infection were previously reported [15]. In that study, the

Fig 1. Subgenotype distribution of the acute isolates.Maximum-likelihood phylogenetic tree performed
with the PhyML (v3.0) program constructed on the complete genome sequences including fifty-five
sequences of symptomatic acute HBV isolates from the city of Buenos Aires (marked with ♦) and reference
sequences retrieved fromGenBank, indicated by their accession numbers. The numbers at each node
correspond to bootstrap values obtained with 1000 replicates. The scale bar indicates the genetic distances.

doi:10.1371/journal.pone.0159509.g001
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genotype distribution for the acute infections was genotype F: 65.2%, genotype A: 30.4% and
genotype D: 4.3%; but for the chronic infections, it resulted practically even (genotype F:
36.6%, genotype A: 26.8% and genotype D: 31.7%). Then, genotype F and genotype D appear
as the most and the less prevalent in acute infections, respectively. However, subgenotype dis-
tribution was not analyzed.

At the subgenotype level, the analysis of complete genome sequences of our cohort grouped
them as subgenotype F1b (52.7%), subgenotype A2 (21.8%), subgenotype F4 (18.2%) and a
minority as subgenotype A1, B2, D3 and F2a (1.8% each).

In the previous study by González López Ledesma et al. [11], these samples have already
been partially characterized, based on the analysis of S and BCP/preC regions, and similar
results were found in acute infections. The same study has shown that the subgenotype distri-
bution differs between acute and chronic infections, with the latter being distributed as follows:
subgenotype F1b (25.6%), subgenotype A2 (17.8%), subgenotype F4 (20.2%) and genotype D
(28.5%).

In summary, the results of the comparative analysis of acute versus chronic infections of
these studies showed that subgenotypes A2 and F4 presented similar values in both groups,
whereas subgenotype F1b and genotype D exhibit an opposite behavior (being subgenotype
F1b more prevalent in acute than in chronic infections, while genotype D behaved otherwise).

This differential distribution could be explained at least by two non-mutually exclusive
hypotheses.

At first, epidemiological changes in the population, such as population migrations, might
represent inflexion points for viral genotype distribution, allowing the introduction of new
viral strains into a given area. This was previously observed in Japan [20] and more recently in
Italy, were the incidence of acute hepatitis B mostly sustained by genotype D had significantly
decreased in the last decades, but the new HBV strains introduced through immigrant popula-
tions from countries with a higher endemicity constitute a new emergency [21]. Therefore, the
recorded migrations from the Northern provinces of Argentina and from the neighboring
countries to the metropolitan region since the 40s to the present might have impacted in the
current genotype distribution leading to a primacy of genotype F, particularly subgenotype F1b
[22].

On the other hand, the intrinsic biological features of the different viral genotypes might
also be implicated in the biased distribution of (sub)genotypes between acute and chronic
infections. Different studies have demonstrated the existence of dissimilar characteristics
between the different viral types, particularly in relation to the HBeAg seroconversion-rate
[9,13,23,24]. Recently, based on a differential distribution of subgenotypes in chronic HBeAg
and antiHBe infections, it has been proposed that subgenotype F1b presents a lower serocon-
version-rate when compared with subgenotype F4 and genotype D (14), although no longitudi-
nal studies are available to confirm this proposal. The loss of HBeAg during chronic HBV
infection is usually associated with a decrease in viral load, reducing the probability of trans-
mission. Therefore, taking into account that most of the acute infections would arise from

Table 1. Co-estimation of substitution rates and tMRCAs1.

Subgenotype tMRCA(years) MRCA date(year) HPD95%(years) Rate(s/s/y) HPD95%(s/s/y)

F1b 47 1966 (16–158) 7.4 x 10−5 1.3 x 10−5–1.5 x 10−4

F4 13 2000 (12–15) 8.9x 10−4 4.1 x 10−4–1.7 x 10−3

1Median substitution rates and tMRCAs corresponding to the Bayesian coalescent analysis performed under the UCLN-BSPmodel by calibration with time-

stamped sequences for the complete genome of HBV subgenotypes F1b and F4. Here s/s/y: substitution sites per year.

doi:10.1371/journal.pone.0159509.t001
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Fig 2. MCCT for subgenotype F1b.Maximum clade credibility tree (MCCT) performed by calibration with the terminal nodes for complete
genome of acute subgenotype F1b samples. The MCCT presents for each node plots of its correspondent posterior probability. Labels IF1b-
IVF1b represent the clusters found in the circulating strains. The scale at the bottom of the tree represents time (years).

doi:10.1371/journal.pone.0159509.g002
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Fig 3. MCCT for subgenotype F4.Maximum clade credibility tree (MCCT) performed by calibration with the terminal nodes for complete
genome of acute subgenotype F4 samples. The MCCT presents for each node plots of its correspondent posterior probability. Labels IF4-
IIIF4 represent the clusters found in the circulating strains. The scale at the bottom of the tree represents time (years).

doi:10.1371/journal.pone.0159509.g003

HBV Genotypes in Acute Infections in Argentina

PLOS ONE | DOI:10.1371/journal.pone.0159509 July 19, 2016 8 / 11



chronic HBeAg-positive cases [25], those genotypes or subgenotypes that show a later serocon-
version of the HBeAg would be overrepresented in acute scenario, as is the case of subgenotype
F1b.

The high prevalence of subgenotype F1b in the current infections might also have clinical
implications for future chronic patients, given that it has been associated with a worse clinical
outcome [13,15,26].

The differential behavior in the course of infection might impact the viral population
dynamics [27,28]. The differences in the seroconvertion-rate between subgenotype F1b and
subgenotype F4, and their implication in viral transmission, support a deeper analysis of the
dynamics of those viral populations. The coalescence analysis showed that after a diversifica-
tion process started in the 80s, the current sequences of subgenotype F1b were grouped in at
least four highly supported lineages, whereas subgenotype F4 revealed a more limited diversifi-
cation pattern with most lineages without offspring in the present. Even if these results might
be influenced by the low number of subgenotype F4 isolates, they might also mirror the conse-
quence of the above mentioned delayed HBeAg seroconversion event of subgenotype F1b,
which would increase its probability of transmission and therefore, its higher incidence in the
acute scenario.

In addition, almost no mutants involved in diagnostic fails, immune evasion or antiviral
resistance were found, suggesting a low potential impact of these mutants in our epidemiologic
situation.

In summary, the distribution of genotypes in the acute course of infections could be an
expression of the genotypes being currently transmitted into new hosts. The observed predom-
inance of subgenotype F1b in the acute infections might be related to recent internal migrations
or to the intrinsic biological features of this subgenotype, which would increase its probability
of transmission. More importantly, these results might be of clinical relevance, since the above
mentioned subgenotype has been already associated with a more severe clinical course of
infection.
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