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Hepatitis B virus (HBV) infection is a major public health problemworldwide. The aims of this study were to de-
scribe themolecular epidemiology of HBV in the Province ofMisiones, Argentina and estimate the phylodynamic
of the main groups in a Bayesian coalescent framework. To this end, partial or complete genome sequences were
obtained from 52 blood donor candidates.
The phylogenetic analysis based on partial sequences of S/P region showed a predominance of genotype D
(65.4%), followed by genotype F (30.8%) and genotype A as a minority (3.8%). At subgenotype level, the circula-
tion of subgenotypes D3 (42.3%), D2 (13.5%), F1b (11.5%) and F4 (9.6%) was mainly identified.
The Bayesian coalescent analysis of 29 complete genome sequences for the main groups revealed that the
subgenotypes D2 and D3 had several introductions to the region, with ancestors dating back from 1921 to
1969 and diversification events until the late ‘70s. The genotype F in Misiones has a more recent history;
subgenotype F4 isolates were intermixed with sequences from Argentina and neighboring countries and only
one significant cluster dated back in 1994was observed. Subgenotype F1b isolates exhibited low genetic distance
and formed a closely related monophyletic cluster, suggesting a very recent introduction.
In conclusion, the phylogenetic and coalescent analyses showed that the European genotype D has a higher cir-
culation, a longer history of diversification and may be responsible for the largest proportion of chronic HBV in-
fections in the Province ofMisiones. Genotype F, especially subgenotype F1b, had amore recent introduction and
its diversification in the last 20 years might be related to its involvement in new transmission events.

© 2016 Elsevier B.V. All rights reserved.
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1. Introduction

Hepatitis B virus (HBV) infection is a major public health problem
worldwide. It is estimated that two billion people have been infected
and currently more than 240 million are living with chronic HBV infec-
tion, increasing their risk to develop liver cirrhosis and hepatocellular
carcinoma (WHO, 2014).

HBV belongs to the Hepadnaviridae family. Its genome is a partially
double-stranded DNA molecule of approximately 3.2 kb in length with
a highly compact coding structure consisting of four overlapping open
reading frames (ORFs). Despite its DNA nature, HBV employs an error-
pronepolymerase reverse transcriptase as part of its replication process.
As consequence, the nucleotide substitution rate for HBV is higher than
those observed in other dsDNA viruses, with the estimated range being
ltad de Farmacia y Bioquímica,
13AAB Ciudad Autónoma de

czuk).
mostly between 10−4 to 10−6 substitutions per site per year (s/s/y)
(Hannoun et al., 2000; Wang et al., 2010).

HBV genetic diversity is reflected through the existence of eightwell
described genotypes (A to H) and two additional (I and J) tentatively
proposed (Shi et al., 2013; Tatematsu et al., 2009). These groups show
a characteristic geographic distribution and have been associated with
a particular ethnic origin and/or anthropological history (Arauz-Ruiz
et al., 2002; Norder et al., 1994; Robertson and Margolis, 2002; Stuyver
et al., 2000).

The role of genotypes (gts) or subgenotypes (sgts) in the outcome of
infection is still controversial, although an increasing number of studies
suggest a significant role in the progression and severity of liver disease,
seroconvertion rate and antiviral treatment outcome (Cao, 2009;
González López Ledesma et al., 2015; Lin and Kao, 2011; Livingston
et al., 2007a).

Studies about the distribution of HBV gts in a specific geographical
area have shown that it generally reflects the demographic history of
the region. Particularly, epidemiological studies in Latin American coun-
tries have shown mainly the circulation of gt-F, related to the Native
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American population, and gt-A and gt-D, as a signature of the European
colonization that began in the sixteenth century and included slave
trade from Africa (Alvarado-Mora and Rebello Pinho, 2013; Campos
et al., 2005; Devesa and Pujol, 2007).

The prevalence of HBV in Argentina is unknown, since no
population-based studies have been conducted. Nonetheless, in 2011
a national prevalence study in blood donors was carried out showing
a prevalence of 0.198% for HBsAg and 2.007% for Anti-HBc; in particular,
significantly higher prevalences have been found for the Northwestern
and Northeastern regions (Flichman et al., 2014). Previous studies de-
scribed the HBV molecular epidemiology in the metropolitan area of
Buenos Aires, and Central and Northwest regions of the country
(Gallego et al., 2014; Pezzano et al., 2011; Piñeiro y Leone et al., 2008).
However, there is a paucity of data in regard to the circulating viral gts
in the Northeast region, where a higher HBV prevalence and singular
demographic characteristics are noticed.

Particularly, the Province ofMisiones, which showed a prevalence of
0.656% for HBsAg and 7.039% for Anti-HBc (Flichman et al., 2014), is lo-
cated in the northeast of Argentina and is sourrounded by over 1000 km
of international borders with two neighboring countries: Brazil and
Paraguay. This territory has been mostly uninhabited until the late
19th century when a massive wave of migration took place. The immi-
grants were from different European countries and this process lasted
for approximately fifty years (Gallero and Krautstolf, 2009). Additional-
ly, continuous migrations from neighboring regions in the recent years
were common. Therefore, the settlement process of this region has
been characterized by a recent origin, celerity and heterogeneity, pro-
ducing a complex scenario in which the current population of the prov-
ince took shape.

In this context, the aims of this study were to analyze the HBV mo-
lecular epidemiology in the Province of Misiones, Argentina, and to esti-
mate the phylodynamic of the main phylogenetic groups in a Bayesian
coalescent framework.

2. Materials and methods

2.1. Samples

Serum samples of 76 HBsAg and Anti-HBc positive (AxSYM, Abbott
Diagnostics, USA) blood donor candidates from the Central Blood Bank
of Misiones Province (Banco de Sangre Central de la Provincia de
Misiones), randomly collected from 2008 to 2011, were included. The
exclusion criteria were: coinfection with human immunodeficiency
virus or hepatitis C virus. None of the patients reported having received
antiviral treatment. The study protocol was approved by the Bioethical
Committee of the Hospital Escuela de Agudos “Dr. Ramón Madariaga”
(Posadas, Misiones).

2.2. HBV DNA extraction, amplification and sequencing

HBV DNA was extracted from 200 μl of serum according to the pre-
viously described phenol-chloroform protocol (González López
Ledesma et al., 2011). The full genome or partial genomic regions, corre-
sponding to overlapping S/P genes (nt: 227–768) and to basal core pro-
moter/precore/core gene (BCP/pC) (nt: 1661–2358) were amplified by
nested PCRs (Supplementary Table S1). For PCR amplification, 5 ul of ex-
tracted DNA for the first round, and 2 ul for the second round, were
added to a final volume of 25 ul PCR mix.

PCR products were purified using QIAquick Gel Extraction Kit
(Qiagen, Valencia, CA, USA) and submitted to direct nucleotide sequenc-
ing reaction in both directions (Macrogen, Inc. Seoul, Korea) with the
same primers used for the second PCR round. Nucleotide sequences
were deposited in GenBank under accession numbers JN688681,
JN688682, JN688684, JN688686, JN688687, JN688692-JN688694,
JN688705, KJ647345- KJ647348 for S/P genes; KJ647333-KJ647344 for
BCP-pC region and JN688695, JN688699, JN688701, JN688703,
JN688708-JN688713, JN688715-JN688717, JN688720, JN688722,
KJ647349- KJ647356 for complete genomes.

2.3. Identification of HBV genotypes and subgenotypes

Genotype determination was based on the phylogenetic analysis of
S/P region. Sgt assignation was based on phylogenetic analysis of
concatenated S/P gene and BCP/pC regions (1216 nt) or complete ge-
nome sequenceswhen thesewere available. Previous to the gt or sgt as-
signment analyses, recombination in partial and complete genome
sequenceswas evaluated using the RDP4 v4.71 software package, by ap-
plying the RDP, GENECONV, MaxChi, BootScan and SisCan detection
(Martin et al., 2015). For phylogenetic analysis, sequences obtained in
this study and HBV sequences retrieved from GenBank database were
aligned with ClustalX v2.1 (Larkin et al., 2007) and edited with BioEdit
v7.1.3.0 (Hall, 1999). Evolutionary models were selected according to
Akaike Information Criterion (AIC) statistics (Akaike, 1974) obtained
with jModeltest v2.1 (Darriba et al., 2012). Despite the influence of
overlapping genes on the evolution of HBV, a single substitution
model was used for each dataset and gene partitioning models were
not evaluated. The phylogenetic signal of datasets was evaluated by
likelihood-mapping analysis of 10,000 random quartets using
TreePuzzle v5.2 (Schmidt et al., 2002; Strimmer and von Haeseler,
1997). Phylogenetic trees were constructed usingMaximum Likelihood
(ML) method performed with PhyML v3.0 (Guindon and Gasguel,
2003). The robustness of the reconstructed phylogenies was evaluated
by bootstrap analysis (1000 replicates). On the other hand, amino acid
and nucleotide signature patterns were assessed in order to approxi-
mate the sgt in those samples where only the S/P region could be se-
quenced. It is worth noting that the subtype assignment by this
methodology should not be taken as conclusive. Signature patterns
from published works were revised and updated for new sequences
(Piñeiro y Leone et al., 2008; Yousif and Kramvis, 2013). Briefly, sgt ref-
erence sequences were obtained from GenBank, and dataset of each gt
was constructed and analyzed separately with VisSPA v1.6.2 (Korber
and Myers, 1992) and inspected manually. A pattern was considered
as a signature for a group if it was present in more than 90% of the se-
quences of the query set (i.e. a particular sgt or cluster) and in less
than 10% of the samples of the references background set. Finally, in
order to identify mutations with clinical or epidemiological relevance,
nucleotide and deduced amino acid sequences belonging to S protein,
viral polymerase and the BCP/pC regions of the isolates reported in
this study were compared to prototype sequences for each gt/sgt.

2.4. Bayesian coalescent analysis

Bayesian coalescent analyses were performed to estimate the popu-
lation dynamics and the time to the most recent common ancestor
(tMRCA) for the main sgts detected. Datasets of each sgt were con-
structed and analyzed separately in order to study their individual
phylodynamic pattern, since each group might present different evolu-
tionary histories. The datasets included the complete genome se-
quences obtained in this work (Sgt-D2 n = 5, Sgt-D3 n = 17, Sgt-F1b
n = 3, Sgt-F4 n = 4) and those obtained from GenBank, with known
collection date and country (Sgt-D2 n = 91, Sgt-D3 n = 67, Sgt-F1b
n = 96, Sgt-F4 n = 48).

The time-scale calibration was based on the isolation date of sam-
ples. Analyses were carried out using a single substitution model for
the whole dataset, estimated as described above, and the effect of
partitioning was not evaluated. The uncorrelated lognormal (UCLN)
molecular clock model and Bayesian skyline plot (BSP) demographic
model implemented in the BEAST v1.8.1 software package
(Drummond and Rambaut, 2007) were used as coalescent prior. Analy-
seswere run for 5 × 107 generations or up to achieve the convergence of
parameters, which was assessed on the basis of effective sample sizes
(ESS) values higher than 200 after a 10% of the sampling was discarded
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as burn-in, using Tracer v1.6. Uncertainty in parameter estimates was
evaluated in the 95% highest posterior density (HPD95%) interval. Max-
imum clade credibility trees (MCCT)were summarized using the “com-
mon ancestor heights” algorithm in TreeAnnotator v1.8.2 (Heled and
Bouckaert, 2013) and visualized with FigTree v1.4.2 (available at
http://tree.bio.ed.ac.uk/soft-ware/figtree/).

3. Results

3.1. Identification of HBV genotypes and subgenotypes

The genetic diversity of HBV in the Province of Misiones was ana-
lyzed by characterizing 76 HBsAg and Anti-HBc positive serum samples.
Overall, HBV DNA was detected in 52 out of 76 (68%) isolates. The ge-
netic regions that were able to be sequenced in each isolate are detailed
in the Supplementary Table S2. No statistical evidence of intergenotype
recombination was found in the analyzed sequences. The ML phyloge-
netic analysis of overlapping S/P region allowed grouping 34 samples
as gt-D (65.4%), sixteen samples as gt-F (30.8%) and two samples as
gt-A (3.8%) (Fig. 1). The phylogenetic signal of S/P region, concatenated
S/P gene and BCP/pC regions, and the complete genome are shown in
the Supplementary Fig. S1.

In order to determine the sgt in gt-D samples, full-length genomes,
available for 22 out of 34 isolates were analyzed. This approach allowed
classifying five samples as sgt-D2 and seventeen as sgt-D3 (Supplemen-
tary Fig. S2). Besides, an additional ML phylogenetic analysis using
concatenated S/P gene and BCP/pC regions grouped two additional se-
quences as sgt-D2 and five as sgt-D3 (Supplementary Fig. S3). One sam-
ple (HBV234) analyzed by this methodologywas unable to be subtyped
because of low bootstrap support for the clustering with reference se-
quences. Finally, based on amino acid signatures, two out offive remain-
ing isolates were classified as sgt-D2 (rt126R) (Yousif and Kramvis,
2013). Subtyping was not achieved in the remaining three samples. It
is worth mentioning that, except for sgt-D2, no nucleotide or amino
acid signature patterns were identified, precluding a conclusive
subgenotyping based on partial genomic sequences.

As regards the gt-F isolates, full-length genomes were obtained in
seven out of sixteen samples and theML phylogenetic analysis classified
three of them as sgt\\F1b and four as sgt-F4 (Supplementary Fig. S2). In
four of the remaining nine samples, the analysis of concatenated S/P
gene and BCP/pC regions assigned three to sgt\\F1b and one to sgt-F4
(Supplementary Fig. S3). Finally, based on nucleotide or amino acid sig-
natures, four isolates were classified as sgt\\F1b (nt 373C and 562T)
and one as sgt-F4 (nt 482A and 493T; amino acids s110I, rt116N and
rt120Y) (Piñeiro y Leone et al., 2008).

Only partial sequences of S/P region were obtained in the two gt-A
samples. The signature pattern suggested that sample HBV025 (amino
acids rt127L and rt161I) might be classified as sgt-A1 and the sample
HBV182 (nt 514A and 616G; amino acids rt127M and rt161V) as sgt-
A2 (Piñeiro y Leone et al., 2008).

Summarizing, the overall distribution of sgt was as follows: D2
(13.5%), D3 (42.3%), gt-D unassigned (9.6%); F1b (11.5%), F4 (9.6%)
and gt-F unassigned (9.6%); gt-A unassigned (3.8%). No discrepancies
were observed between the subgenotyping methods used.

3.2. Characterization of circulating HBsAg and polymerase variants

Based on the comparison with prototypic sequences of each gt/sgt,
amino acid modifications within the major hydrophilic region (MHR)
of HBsAg (aa 99–169) were observed in ten out of 52 (19.2%) samples.
Six of these samples showed changes inside the “a” determinant, all of
them previously described (Table 1). Amino acid substitutions on the
reverse transcriptase catalytic domains were observed in twelve out of
the 52 samples (23.1%), three of which were previously associated to
antiviral resistance (rtA200V, rtS202I and rtN238D; Table 1).
3.3. Basal core promoter and preCore mutations

All gt-D sampleswith sequences of BCP/pC region available (n=30)
showed mutations affecting HBeAg expression (Table 1). The mutation
G1896A in the pC region, which creates a premature stop codon that
prevents production of HBeAg, was the most common, being found in
23 out of 30 (76.6%) isolates. Six samples (20%) showed mutations in
the pC initiation codon (nucleotides 1814 to 1816) and one isolate
(3.3%) exhibited a stop in the second codon of HBeAg caused by the sub-
stitution C1817T. In addition, substitution G1899A was observed in
fourteen samples (46.6%). This means that 29 out of 30 gt-D samples
(96.7%) presented stop codons that preclude HBeAg expression. On
the other hand, the most frequent mutations in BCP region were
T1753C in twelve cases (40.0%), G1764A alone in two cases (36.7%),
the double mutant A1762T/G1764A in nine cases (30.0%) and C1766T
in one case (3.3%).

Regarding gt-F, the six sgtF1b analyzed samples showed a wild type
sequence both in BCP and pC regions. Whereas, in sgt-F4 isolates (n =
5) no mutations in the BCP were observed, but all of them showed the
mutation G1896A and two also presented the substitution G1899A in
the pC region (Table 1).

3.4. Bayesian coalescent analyses

The population dynamics and the tMRCA for the main sgts found
(D2, D3, F1b and F4)were analyzed in a Bayesian coalescent framework.
Complete genome datasets of each subgroup were tested separately
under a relaxed molecular clock model and a non-parametric demo-
graphic coalescent model (Bayesian Skyline). The global median
tMRCAs and substitution rates estimated for each dataset are shown
in Table 2.

The MCCT analysis showed four out of five sgt-D2 sequences from
Misiones in a monophyletic cluster closely related to Russian and East-
ern Europe sequences, dated back in 1921 (HPD95% = 1809–1986)
with diversification events until around 1959. Whereas, the sample
HBV128 and isolates from Greenland and New Caledonia formed a sep-
arated group with a high posterior probability value (Fig. 2 and Supple-
mentary Fig. S4).

For sgt-D3, three monophyletic clades containing Misiones se-
quences, dated in 1955, 1956 and 1969 (clade D3.a, D3.b and D3.c, re-
spectively, in Fig. 2 and Supplementary Fig. S5), with final
diversification events around 1978, were observed. These sequences
were related to isolates from Western and Southeastern Europe
(Belgium and Serbia, respectively) and Brazilian sequences (Supple-
mentary Fig. S5).

In relation to gt-F, the three sgt\\F1b isolates from Misiones were
closely related and formed a highly supported monophyletic cluster
dated back to 2006 (HPD95%= 2001–2009) (Fig. 2 and Supplementary
Fig. S6). This cluster was grouped with sequences from Argentina and
Uruguay. Whereas, sgt-F4 isolates from Misiones were intermixed
with South American sequences and only one significant clade, includ-
ing two sequences with a common ancestor in 1994 (HPD95% =
1980–2007), was observed (Fig. 2 and Supplementary Fig. S7).

4. Discussion

The Latin America population is ethnically diverse as a result of a
complex genetic admixture between Native American, European and
African descendants (Salzano and Sans, 2014). This feature imposes a
complex setting for the viral dynamics due to the interaction between
viral gts with particular evolutionary histories and hosts with different
genetic backgrounds. Particularly, this process of admixture is quite re-
cent in the Province of Misiones, making it an attractive scenario for the
study of virus-host interaction. In addition to that, a significant evidence
of a differential impact of HBV gts and sgts on clinical outcomes, severity
of liver disease and response to antiviral therapy has been found (Kao,
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2002; Lin and Kao, 2011; Livingston et al., 2007b; Yuan et al., 2007).
Therefore, a deeper knowledge of strains that circulate in a population
has become a matter of major interest.

In this study, we analyzed the genotype distribution, genetic diversi-
ty and population dynamics of HBV in blood donor samples from the
Province of Misiones, Argentina.

Although the analysis of blood donors has limitations to describe the
epidemiological scenario in the general population, in this work, the in-
fecting viral gt was determined in 52 out of 76 (68%) analyzed samples.
Moreover, twenty-nine complete genome sequences were obtained.
This allowedus, on the onehand, to perform a deepermolecular charac-
terization of HBV in a group of individuals that are not frequently stud-
ied since they are non-symptomatic and, on the other hand, to study
and make hypothesis about the events that shaped the current
epidemiology.

In the cohort analyzed in this study gt-D was the most prevalent,
followed by gt-F and gt-A in a lesser extent. Gt-D is one of the most
widespread gts worldwide, predominating in the Mediterranean area,
Middle East and Indian subcontinent (Yousif and Kramvis, 2013). It
has also been reported in Latin American countries, and it is related to
an European origin in these populations (Alvarado-Mora and Rebello
Pinho, 2013; Campos et al., 2005; Devesa and Pujol, 2007). Previous
studies have described the circulation of this gt in Argentina, particular-
ly in themetropolitan area of Buenos Aires and the Central region. How-
ever the prevalence reported in this areaswere lower than that found in
Misiones (Barbini et al., 2013; Gallego et al., 2014; González López
Ledesma et al., 2015; Piñeiro y Leone et al., 2008). On the contrary, a
higher prevalence has been reported in the Southern region of Brazil
(Bertolini et al., 2012; Carrilho et al., 2004; Mello et al., 2007; Reis
et al., 2011), suggesting that the HBV epidemiology of Misiones resem-
bles that found in this neighboring area more than that described for
other regions of Argentina. Particularly, Bertolini et al. (2012) found a
significant association between the infection with gt-D and the
European ancestry in blood donors from Southern Brazil. Unfortunately,
there is no available data in regard to the ethnic origin of patients in-
cluded in the present study, although different genetic molecular stud-
ies performed in the region confirmed a high proportion of European
genomic ancestry in several populations of Misiones (Badano et al.,
2012; Corach et al., 2010).

These facts are supported by the human settlement process of
Misiones which has involved both a spontaneous migration, mostly
from Italian and German colonies previously settled in Southern
Brazil, and official campaigns promoted by the Argentinean govern-
ment. The last included several migratory waves from Europe andMid-
dle East countries that, during the first half of the 20th century,
increased sevenfold the population of the province (Gallero and
Krautstolf, 2009).

In agreement with the demographic records, the coalescent analysis
showed that HBV sgt-D2 isolates from Misiones could have a common
ancestor in the early 20th century and might be closely related to se-
quences from Russia, Estonia, Latvia, Poland, Belarus and Kazakhstan.
These results suggest that this sgtwould havebeen introduced by immi-
grants from these regions and subsequently underwent a diversification
process in the province. On the other hand, the analysis of the sgt-D3 se-
quences from Argentina suggests at least three introductions to the re-
gion, with isolates mainly related to sequences from Belgium, Serbia
and Brazil, and sequences from Misiones reported previously (Delfino
Fig. 1.Maximum-likelihood phylogenetic tree constructed on the small S/P genes partial
sequences (525 bp). Analysis includes reference sequences retrieved from GenBank,
indicated by their accession numbers, and 52 sequences from Misiones generated in this
study (in bold), followed by the respective genotype/subgenotype assigned. Isolates in
which the subgenotype assignation was based on phylogenetic analysis of complete
genome sequences, phylogenetic analysis of concatenated S/P gene and BCP/pC regions,
or nucleotides/amino acid pattern are indicated with *, ♦ and •, respectively. The
numbers at each node correspond to bootstrap values (greater than 70%) obtained with
1000 replicates. The scale bar indicates the genetic distances.



Table 1
Nucleotide or amino acid substitutions on the MHR of HBsAg, rtPol catalytic domain, basal core promoter/precore (BCP-pC) and core genes open reading frames (ORFs).

(Sub) Genotype Samples Genomic Region

Bcp- pC (1690–1900 nt)

MHR (99–169 aa)1 rtPol catalytic domains2

T1753 A1762 G1764 A1814 T1815 G1816 G1896 G1899 Others

Gt-A
unassigned

HBV025 – – NA
HBV187 Q101P – NA

Gt-D
unassigned

HBV076 – – NA
HBV112 – – NA
HBV113 – – NA
HBV127 – – NA
HBV234 – L164 M C – – – C – A A

Sgt-D2

HBV128 – L164 M – – – – – – A A
HBV175 – – – – – – – – A –
HBV197 – C256S C T A – – – A –
HBV216 – – – – A – – – A –
HBV218 Y100F – – – – – C – – –
HBV219 Y100F, R122Q, G159E G172E/G, S202I – – – – – – A –
HBV249 Y134F, F161I I169Y – – – – – – A –

Sgt-D3

HBV007 – R242K – – – C – – – –
HBV010 – – – – A – – – A –
HBV087 – – C – – – C – A A
HBV097 – – C T A – – – – A
HBV115 – – – – – – – – A A C1766T
HBV131 – – – – – – – – A –
HBV132 T127 A, T131P – Y – – – – – A A
HBV140 – – – – – – – – A A
HBV142 – – – T A – – – A A
HBV144 – N76D, N238D C T A – – – A A
HBV156 – N76D Y T A – – – A –
HBV161 – – C – – – – – A –
HBV163 E164G – C T A – – – A A
HBV173 – – G T A – – T – –
HBV192 – I233V – – – – – – A A
HBV202 – – C – – – – T – A
HBV208 – N76D C T A – – – A A
HBV222 M103I, Q129H – – T A – – – A –
HBV223 – – – – – – – – A –
HBV228 – – – – – – – – – – C1817T
HBV230 R122Q, Y134F – – – – – – – A A
HBV247 R122Q, D144D/N, E164E/K G172E/I – – – – – – A –

Gt-F
unassigned

HBV090 – – NA
HBV123 – – NA
HBV126 – – NA
HBV139 – – NA
HBV141 – – NA

Sgt-F1b

HBV122 – – – – – – – – – –
HBV133 – – – – – – – – – –
HBV134 – – – – – – – – – –
HBV136 – – – – – – – – – –
HBV137 – – – – – – – – – –
HBV138 – – – – – – – – – –

Sgt-F4

HBV135 – – – – – – – – A –
HBV143 – – – – – – – – A – T1845Y
HBV224 – – – – – – – – A – T1845G
HBV226 – – – – – – – – A A T1845C

HBV235
D144D/N, A157 A/V, G159E/G,

E164K/E
W79G/W, G172 E/G, A200

A/V
– – – – – – A A

T1845C
C2409A

Mutations associated with: vaccine escape, failure in diagnostic assays, immunotherapy escape or antiviral resistance are shown in bold.
1 Amino acidic position on small S gene.
2 Amino acidic position on the retrotranscriptase catalytic domains A (75–90 aa), B (159–182 aa), C (200–210 aa), D (230–241 aa), E (247–257 aa).

Table 2
Global median tMRCAs and substitution rates estimates for each dataset. The tMRCA and MRCA values are informed in years; substitution rates as s/s/y (substitution sites per year).

Subgenotype
tMRCA
[HPD95%]

MRCA date
[HPD95%]

Substitution rate
[HPD95%]

D2 203 [456–57] 1810 [1557–1956] 1.4 × 10−4 [2.4 × 10−5 – 2.6 × 10−4]
D3 86 [121–56] 1927 [1892–1957] 2.9 × 10−4 [2.0 × 10−4 – 4.0 × 10−4]
F1b 55 [79–38] 1958 [1934–1975] 1.9 × 10−4 [1.2 × 10−4 – 2.5 × 10−4]
F4 35 [64–18] 1978 [1949–1995] 4.7 × 10−4 [1.3 × 10−4 – 7.0 × 10−4]
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Fig 2. Time-scaledMaximumclade credibility trees (MCCT) for HBV complete genome datasets of sgt-D2, D3, F1b and F4. The branches corresponding to lineages reported in this study are
colored. Themonophyletic clades fromMisiones are indicatedwith brackets and the respectiveMRCA dates are detailed in the lower left inset. The HPD95% values forMRCA are shown in
horizontal bars; upper limit of the HPD95% interval for Subgenotype D2 tMRCA was trimmed for clarity purpose.
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et al., 2014a). Although the coalescent analysis showed that sgt-D2 iso-
lates could have the oldest ancestors amongMisiones samples, the diver-
sification process for both European sgts detected (D2 and D3) would
have taken place simultaneously from the early 20th century to around
1980. Therefore, it can be speculated that the gt-D currently circulating
in the Province of Misiones probably derives from the strains introduced
by immigrants from Eastern Europe, Mediterranean and Middle East
countries in the process of settlement of the region in early 20th century.

The phylogenetic analysis also revealed the circulation of gt-F strains
in Misiones. This gt has been found in Native American populations of
Alaska, Central and South America (Arauz-Ruiz et al., 1997; Devesa
et al., 2008; Livingston et al., 2007b). In Argentina, the Northern region
presents the highest prevalence of the country, mainly by the presence
of sgt\\F1b and F4, related to a major Native American ethnical back-
ground in this region (Piñeiro y Leone et al., 2008; Torres et al., 2011).
Their circulation has been previously reported in the Province of
Misiones, both in blood donor population andNative American commu-
nities, although the low number of sequences obtainedmakes the prev-
alence analysis difficult (Delfino et al., 2014b, 2012). There are about 80
small Native American communities in the rainforest of Misiones, but
their inhabitants rarely contribute to the blood donor population.
Therefore, the presence of gt-F in our cohort is unlikely to be directly re-
lated to Native American communities only. In the present study, a
30.8% of isolates corresponded to gt-F. This proportion is lower than
that found in other provinces of Northern Argentina (91.7%) or in the
metropolitan area of Buenos Aires (54.3%) (Barbini et al., 2013;
Gallego et al., 2014; González López Ledesma et al., 2015; Piñeiro y
Leone et al., 2008). This finding highlights the relevance of gt-D intro-
duction to the region associated to European migrations, as described
above.

The analysis of sgt\\F1b sequences from Misiones showed a very
low genetic divergence between them. The time-scaled MCCT showed
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that the three sequences would have a common ancestor dated only
four years before the sampling date, suggesting that, unlike the gt-D,
the F1b has been recently introduced in Misiones. This is consistent
with the current epidemiological data from other regions of Argentina,
pointing to this sgt as responsible for most of the acute and new chronic
HBV infections (Barbini et al., 2013; Gallego et al., 2014; González López
Ledesma et al., 2015; Pezzano et al., 2011).

The sgt-F4 isolates fromMisiones exhibited a higher genetic distance
and an older ancestor than F1b, and a disperse distribution in theMCCT,
with the exception of one cluster having two sequences. This suggests
several introductions of F4 strains that may be related to the geograph-
ical location of Misiones, i.e. the proximity to regions with high F4 prev-
alence such as Bolivia and Northern Argentina, and the frequent contact
with these neighboring populations. Alternatively, they could represent
autochthonous strains that circulated in the region before the massive
introduction of European HBV gts in the early 20th century. The results
of coalescent analysis must be interpreted with caution given the low
number of available sequences and their short sampling time disper-
sion, which could lead to an underestimation of the tMRCA for the glob-
al dataset.

Lastly, we identified the presence of gt-A as aminority, with two iso-
lates that might belong to sgt-A1 and sgt-A2 each. Sgt-A1 is mainly
found in the Southern and Eastern regions of Africa and Asia (Kramvis
and Kew, 2007), while A2 is present in Northwestern Europe (Norder
et al., 2004). Sgt-A2 might have been continuously introduced in
Argentina by the successive Europeanmigrations since the 16th century
(Arauz-Ruiz et al., 1997; Mbayed et al., 2009; Mello et al., 2007). Like-
wise, the introduction of sgt-A1 may be associated to the slave trade
from Africa in the past (Motta-Castro et al., 2008). Unfortunately, only
partial sequences were obtained from samples infected with this gt,
making it difficult a deeper characterization.

Additionally, thepresence ofmutationswith clinical or epidemiolog-
ical relevance was evaluated. The analysis of HBsAg variants showed
that twelve out of 52 analyzed sequences presented mutations within
the MHR. These included several amino acid substitutions inside the
“a” determinant or in sites related to immunological evasion and/or to
diagnostic failure (Ma andWang, 2012), which in contrast did not ham-
per the performance of the HBsAg screening assay used. Three gt-D iso-
lates showed the R122Q substitution in a residue involved in the HBV
attachment to hepatocytes, which could impair the viral infectivity
(Sureau and Salisse, 2013).

The deduced amino acid sequence of the reverse transcriptase do-
main of the polymerase showed that three isolates had substitutions
in residues associated with antiviral resistance. While the presence of
resistant variants in a group of individuals not undergoing antiviral
therapy (“healthy” blood donors) is noteworthy, the emergence of
these mutations without antiviral selective pressure and their circula-
tion in naïve patients has been previously described (Tan et al., 2012;
Zheng et al., 2012). This points out their existence as a component of
viral population diversity.

Several studies highlight the implication of HBV gt in the progression
of infection related to the extension of theHBeAgpositive stage, propos-
ing that certain gts or sgts could exhibit a delayed HBeAg seroconver-
sion and consequently would be associated with a more severe clinical
course of infection (Chu et al., 2004; Yang et al., 2002). Different muta-
tions have been associated with HBeAg seroconversion and their distri-
bution in Misiones population was found to be biased according to the
gt, as previously described (Kramvis et al., 2008; Lindh et al., 1997). It
is worthmentioning that almost all gt-D samples presented stop codons
that preclude the HBeAg expression and one-third of them exhibitmore
than one mutation related to HBeAg negative phenotype. Particularly,
the substitution G1896A was frequently observed in both: gt-D and
sgt-F4 isolates (76.6% and 100% respectively), consistent with previous
reports (González López Ledesma et al., 2015). In addition, all the F1b
strains analyzed in this study displayed a wild type BCP sequence, pos-
sibly related to more recent infections, as discussed above.
This study presents some limitation. Firstly, some partial sequences
forwhich the phylogenetic analysis did not result in a conclusive assign-
ment of subtype were classified by alternative methods. Despite these
approaches allow a detailed epidemiological description, they might
not be reliable on subtyping; particularly, a consensus could be neces-
sary for an unambiguous classification of HBV variants, especially for
gt-D. Secondly, no evidence of recombination was found in the se-
quences analyzed, although the lack of whole genome amplification
and themethodology employed, i.e. direct sequencing of PCR fragments,
prevents to reject the circulation of recombinant strains or gt mixtures
and assess their impact on local epidemiology. Finally, unfortunately,
the clinical characterization of patients and data about HBV DNA levels,
HBeAg andAnti‐HBe reactivitywere not available. Therefore, the associ-
ation between the clinical phase of infection and the gt or sgt found
could not be evaluated.

In summary, the distribution of HBV gts reflects the demographic
history of the Province of Misiones, Argentina. The phylogenetic and co-
alescent analyses suggest that several strains of the European gt-D
would have been introduced during the first half of 20th century, show-
ing a long history of diversification and resulting in the largest propor-
tion of current chronic HBV infections. In contrast, the introduction of
gt-F would be related to internal migrations, and particularly the
sgt\\F1b might have been more recently introduced in the region and
might have diversified over the last 20 years, mainly associated with
new transmission events.

Supplementary data to this article can be found online at http://dx.
doi.org/10.1016/j.meegid.2016.06.032.
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