sequence set consisting of both the computationally
detected orthologs and the homologs was prepared. For
these sequence sets. phylogenetic trees were constructed by
the neighbor-joining (NJ) method (18). In detail, multiple
amino acid sequence alignments and phylogenetic trees
were constructed by ClustalW (19) with the options of
bootstrap = 1000, seed = 1, kimura, tossgaps.
bootlabels = node.

Phylogenetic trees were examined by experts in the
field of molecular evolution, who attended the evolu-
tionary annotation meetings described in the introduction.
The trees were drawn by Nlplot (http://pbil.univ-lvon1.fr/
software/njplot.html) and the default rooting was used.
Discarding or re-rooting the tree was judged by the
experts il necessary. All the ortholog pairs of human and
other species detected by the computational analysis were
examined (Figure 1). The primary principles of manual
curation in Evola to be checked were as follows. [I]
Phylogenetic topology between gene tree and species tree
is consistent. As a gene tree, the minimum sub-clade
including the pair (a part of the tree) was examined. As a
species tree of reference, a phylogenetic tree indicating the
trifurcation among primates. rodents and Laurasiatherian
(dog. cow, etc.) species (20) was used. because the
phylogenetic relationship has been controversial among
them (21). In fact, we found that ((human-mouse)-dog)
clades for some genes and ((human-dog)-mouse) clades
for other genes. [2] Outgroup includes either two or
more species that are phylogenetically distant from all
the species in the sub-clade, or human and other
species. In the latter case, human duplicate genes might
exist, [3] Available bootstrap values of the corresponding
three branches (one between the sub-clade and outgroup,
and its two descendants) are all =900. The gene pairs
consistent with all the principles were defined as ‘manually
curated orthologs’. otherwise their annotation status
remained to be ‘computationally detected orthologs’.

DATABASE CONTENTS

Evola contains two ortholog datasets: (1) more compre-
hensive set of orthologs (computational analysis); and
(2) more reliable orthologs (computational analysis
supported by manual curation). In the current Evola
(release 4.1). orthology information for 18968 human
genes 1s available among 11 vertebrates: chimpanzee,
macaque, mouse, rat, dog, cow, opossum, chicken,
zebrafish, Tetraodon and Fugu (Table 1). Manually
curated orthologs occupied 25.4% of all computationally
detected ortholog pairs (24 122/94935) (relcase 4.1, 2007).

Evola is a sub-database of H-InvDB (9,10,11), and
orthology information in Evola is. as ‘Evolutionary
annotation’, a part of the comprehensive human gene
annotations in H-InvDB. Thus, orthology information
can be utilized with close reference to other annotation in
H-InvDB. For example, 2090 human genes with orthology
information belonged to H-Inv protein similarity
categories of *hypothetical proteins’ (similarity category
IV-VI). Molecular functions of these hypothetical

T
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Figure 1, An example of manually curated gene pair from H.sapiens
(red undcr!mc} and Mama sp (blue underline). In this case, conditions
of phylog group species (light gray background)
and bootstrap values (two circles) are sufficient (refer to the text). Thus,
the pair was defined as & manually curated ortholog.

Table 1. Number of orthologs provided in Evola (release 4.1, June
2007)

Species Genes Human genes
Homo sapiens (Human) 18968 -

Pan rtroglodytes (Chimpanzee) 16368 15615
Macaca sp. (Macague)* 12037 12352
Mus musculus (Mouse) 15570 14574
Rattus norvegicus (Rat) 15632 14302
Canis familiaris (Dog) 14730 13916
Bos taurus (Cow) 9375 10181
Monodelphis domestica (Opossum) 13201 13588
Gallus gallus (Chicken) 9266 10738
Daniv rervie (Zebrafish) 12334 10 468
Tetraodon nigroviridis (Tetraodon) 11 505 9820
Takifugu rubripes (Fugu) 9738 9459

Numbers of genes of both human and other species are listed. Owing to
lineage-specific duplication or loss, the numbers are usually different
(for example, 15570 mouse genes are orthologous to 14 574 human
genes). 18968 human genes have at least one ortholog among other 11
species.

*Macaca mulatta, Macaca fascicularis, Macaca Juscata, eic. are
ncluded.

proteins can be analyzed using model species. Moreover,
cross references between Evola and other annotations
in H-InvDB (protein-protein interaction (PPI), expres-
sion, polymorphism, disease, etc.) can produce valuable
information contributing to the comprehensive under-
standing of the human genes.

We aimed to develop user-friendly interfaces that
provide easy access to a variety of orthology information
in Evola. Users can search orthologs in the top page
of Evola as well as in the scarch systems of H-InvDB
[simple search, advanced search and navigation system
(Navi)]. Users can download data for each human gene on
the main page as well as all the data of Evola in the
download page. On the main page of Evola (Figure 2),



D790 Nucleic Acids Research,

2008, Vol. 36, Database issue

PHInvDB-—

Bt e N [ o e
A R YT N WY
. . et
S T R —— =
pg——1 = - JOY
- - e
= &~ e [ oam— e OOETT AW Ow WELT SWAES S0 |4
e ——— o . e .
- e T R ) FETRII, e - . — i
B CTALTSNMSNTE R e 3 e
* Ja s Sy
T i e T —x - Tt
o —— Dlime S fed Baia s st gty Tl | i bent en
» S — - I
- s burwonpl }ETIRNRELLNE = = =
703 LM IGRCACETIY I TAC  AT SO0
- — BMSVEY i
ar vowee. C On 1 o T
¢ —— —
> I - n
v SN X Lobs S =
- el L -
[ vt -‘-?- O ' P N |
—————— —— —— —— i it
[ 8  § — -
.m_wm!-“
T

AL
P
[T

=

o s e
.

O S 0TGN OTMOME ||
A

1
i
iEE

1
TEE

Figure 2. Evola mun page. This page 15 divided into left and right frames. In the left frame. tables of orthologs, download data, Gene ontology, and

InterPro are listed. Three green buttons are links to show *Alignment” (A), ‘dy/ds view' (B) and *Locus maps’ (C) in the right frame.

the following information for a human gene is available in
the left frame: gene name, ortholog list with annotation
status, download of sequences, alignments and phyloge-
netic trees, Gene ontology (22) and InterPro (23).
In addition to the set of original ClustalW alignments,
another set of alignments, including properly aligned
sequences only (24), was also constructed and provided.
In the latter sets, sequences with distinctively low
identity to other sequences in an alignment were excluded.
Based on both alignment sets, phylogenetic trees were
constructed by the neighbor-joining method (18) and the
NJML + method (25).

In the right frame of the main page, Evola [eatures
the three views described below. Users can switch among
the views.

Alignment: Multiple alignments of orthologs
and homologs (Figure 2A)

Amino acid sequence alignments of orthologs and
homologs are displayed. Users can switch from
‘Alignment of Orthologs' (default) to ‘Alignment of
Orthologs and Homologs’, or vice versa. Each amino
acid residue is color coded as defined in ClustalX (19).
Accession numbers and species names of orthologs
(human and other species) are colored in their species
colors defined in Evola (human in red, mouse in gray,
etc.). Accession numbers of homologs are linked to the

original data sources of UniProt or RefSeq. While species
are labeled by their scientific names (Homo, Mus, elc.),
users can aclivate a popup window giving a species
common name by placing the mouse cursor over homolog
accession numbers (for example,

InterPro data in

‘Q5R508_Pongo').
the left frame include positional
information on a human gene, and they can be utilized

to detect conserved domains in the proteins.

dy/dgview: Window analysis detecting regions
under positive or negative selection (Figure 2B)

Users can select one or more species for which to show
the plots in the graph. In the lower frame under the graph,
the pairwise nucleotide sequence alignment of CDSs is
shown. The sequence positions (a.a. or codon) appearing

in the graph and alignment are those of human genes.

The nonsynonymous to synonymous substitution rate
ratio (dy/ds) is a commonly used measure of natural
selection. In order to visualize positively and negatively
selected regions, sliding window analysis was conducted
{(a 20 codon window with 1 codon stepping; result for
the first window appears as a plot at 11th codon of the
human gene). The statistical significance (P-value) of
the difference between the number of nonsynonymous
substitution (n1) per synonymous substitutions (s): n/s, and
the number of nonsynonymous sites (N) per synonymous
sites (S): N/S was calculated by Fisher's exact test.
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ds, dy. 5 and n values were estimated by the modified
Nei-Gojobori method (26.27). If dy/ds> 1. the score
(= 1 — P-value) was plotted above the zero line (neutral),
and if dy/ds < |, the score [= —(1 — P-value)] was plotted
below the zero line. The regions plotied above the red
line indicate that the sites might bc under positive
selection (dy/ds> 1 and P <0.01). Conversely, the regions
plotted below the blue line indicate that the sites might
be under negative (purifying) selection (dy/ds<| and
P <0.01).

Locus maps: Comparative maps of orthologous gene loci
(Figure 2C)

Orthologs were detected for representative transcripts
(one transcript per gene locus) in Evola. However,
there could be transcript variants in gene loci that have
different exon-intron structures leading to produce
different protein isoforms. Thus, information on other
transcripts besides the representative transcript among
orthologous gene loci are shown in Locus maps. In the
figures, exon/intron structure, coding sequence (CDS)
and untranslated regions (UTR) for each transcript are
visualized. H-Inv cluster 1D (HIX, an identifier of
gene locus). Gene symbol, genomic location and a link
to ‘G-integra’, an integrated genome browser of H-InvDB,
are available. The flag icon denotes the representative
transcript.  The blue diamond icon denotes the
Representative Alternative Splicing Variant (RASV) that
is another representative per transcript group consisting
of the same alternative splicing pattern (28). Repre-
sentative transcripts are also RASVs, and blue diamonds
do not appear if there is only one splicing isoform. In the
tables, the H-Inv transcript ID (HIX) and original
accession numbers (DDBJ/EMBL/GenBank, Ensembl
and RefSeq) of the representative transcript and other
transcripts are listed.

FUTURE DIRECTIONS

As our update policy, orthology information in Evola
is updated when H-InvDB annotation is updated.
One major update and three minor updates per year
are scheduled. At the next major update on December
2007, a new duplicate gene family view is planned to
be integrated within Evola. Human duplicate gene family
data was originally constructed based on both amino
acid sequence similarity (29) and orthology information.
In the current Evola (release 4.1), parts of human
duplicate gene annotation have been already implemen-
ted. The human duplicate genes are included in the
alignments and phylogenetic trees of orthologs and
homologs. Finally, we expect Evola to serve as a new
database for evolutionary annotation of human genes.
We sincerely welcome any requests and feedback
from users.
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ABSTRACT

DDBJ (http://www.ddbj.nig.ac.jp) collected and
released 1880115 entries or 1134 086 245 bases in
the period from July 2006 to June 2007. The released
data contains the high-throughput cDNAs of cricket
and high-quality draft genome of medaka among
others. Our computer system has been upgraded
since March 2007. Another new aspect is an efficient
data retrieval tool that has recently been equipped
and served at DDBJ. It is called All-round Retrieval
for Sequence and Annotation, which enables the
user to search for keywords also in the Feature/
Qualifier of the International Nucleotide Sequence
Database Collaboration (http://www.insdc.org/).
We will also replace our home page with a more
efficient one by the end of 2007.

INTRODUCTION

Through our service we have witnessed dramatic advance-
ments in biology and the related areas in the past 20 or
more vears. For example, using genome sequence data for
eubacteria, archaebacteria and eukaryotes, some authors
constructed a tree of life, which is the phylogenetic tree of
the three super-kingdoms (1,2). Others reported a way to
predict the number of genes at least in the bacterial world
(3). The dramatic advancements prove our simple idea
that the more data we collect and serve the more people
make use of it for various purposes.

On the other hand, the recent development of sequen-
cing machines such as 454 (by 454 Life Sciences). Solexa
(by Nlumina, Inc.) and SOLIiD (by Applied Biosystems)
makes us worrisome as well. According to some estimate,
5-10 tera bases will be sequenced by Solexa at one
sequencing facility in a month in the near future. With the
further development of the sequencing technology the
whole genome of a person may repeatedly be submitted in
the near future, as few examples warn (4). To cope with
the expected situation of sequencing genes and genomes,
we have recently upgraded our computer system and
installed an efficient keyword search tool. We think that

the new computer and tool serve our data submitters and
users better and make our job more effective and efficient.

In this article we will report on the data submissions
to DDBI in the past year, replacement of our computer
system with an upgraded one, a new data retrieval tool
and a new home page.

DATA SUBMISSIONS TO DDBJ IN THE LAST YEAR

In the period from July 2006 to June 2007, DDBJ
collected and released the original data of 1880115
entries or 1134086245 bases that were classified into
the 19 International Nucleotide Sequence Database
Collaboration (INSDC) divisions (5). More than 90% of
the submissions came from Japanese researchers, and the
rest were mainly from Chinese and Korean researchers.
The released data includes the high-throughput cDNAs
(HTC) of cricket, Gryllus bimaculatus submitted from
Tokushima University (6). The data amount is 32010
entries that can be obtained through anonymous FTP
with the file name, Gryllus_bimaculatus_HTC_070726_1.
seq.gz. Also included is 700 Mb of the high-quality draft
genome data of medaka, Oryzias latipes, which was
submitted from University of Tokyo and National
Institute of Genetics (7). The data was carefully assembled
and upgraded from the WGS data that was reported in
our previous paper (8). The given accession numbers
are BAAF03000000 (Hd-rR, version 0.9), BAAF04000000
(Hd-rR, wversion 1.0) BAAEO01000000 (HNI) and
ACAAA0000001-ACAAA0356693 (5 SAGE tags).
Although draft genome sequences of two fugu (blowfish)
species are available, the high-quality draft genome of
medaka will be quite useful particularly for the study of
vertebrate evolution. The submitters of the genome data
discussed, for example, that the medaka genome preserved
its ancestral karyotype for more than 300 million years (7).
It is also noted that the current number of bacterial
species/strains in the complete bacteria genome data
repository, the Genome Information Broker, (GIB,
http://gib.genes.nig.ac.jp/) (9), at DDBIJ is 569 and keeps
on growing rapidly. The species added in the past year
include Methanococeus maripaludis (by Joint Genome
Institute), Saccharopolyspora ervthraea (by University
of Cambridge), Francisella tlarensis subsp. tularensis
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(by UT Southwestern Medical Center), Desulforomaculum

reducens (by Joint Genome Institute), Burkholderia
vietnamiensis (bv Joint Genome Institute),
Herminiimonas — arsenicoxyvdans (by Genoscope),

Geobacillus thermodenirtrificans (by Nankai University),
Corynebacterium glutamicum (by RITE) and many others.
We also serve a complete virus genome data repository,
GIB for Viruses (GIB-V, http://gib-v.genes.nig.ac.jp/) that
now contains 31 486 virus genomes and genomic segments.

NEW COMPUTER SYSTEM

In July 2007, we celebrated the 20th anniversary of the
public release of the DNA data. Our first release in July
1987 contained only 66 entries or 108 970 bases that were
typed in from published papers. These numbers may be
impressive in the comparison with the corresponding ones
as of June 2007, 13371690 entries or 8988 178 758 bases.
This tremendous increase in the numbers perhaps reflects
the remarkable advancement of research in biology and
the related areas in Japan in the past 20 years. The ever-
increasing amount of the data also makes us worry about
our hardware and software facilities.

In March 2007, we completely replaced our computer
system with an upgraded one. Major upgraded aspects are
as follows. (i) The increase in the number of entries in
making the flat files from 300000 to 1000 000 entries/day.
(11) the decrease in processing time in making a huge flat
file; in case of four rice chromosomes, [rom 110 to 13 min,
(ii1) the decrease in processing time from 120 to 13 min for
updating the live-list that lists the accession numbers and
dates of the public release of the released entries; it is
weekly updated to exchange the information about the
currently released data with the EMBL Bank and
GenBank, (iv) the increase in the number of ESTs in
data processing from 40000 to 800000 entries/h and (v)
the increase in the number of queries accepted at once by
1.5 times. Therefore, we will be able to cope with the
increase in the number of data submissions for the next
several years.

NEW KEYWORD SEARCH TOOL

Recently, we have installed a high-speed keyword search
tool, All-round Retrieval for Sequence and Annotation
(ARSA, http://arsa.ddbj.nig.ac jp/top-c.html). The search
logic behind ARSA is called SIGMA, which was invented
by Arikawa and his colleagues (10,11). For a given query
SIGMA makes it possible to retrieves all the right entries
by checking the contents of a database just once, no
matter how the query is complicated. The one time
checking makes keyword search fast. SIGMA does not
need an index file, which means that search can be made
against the currently available data. SIGMA is imple-
mented on the Shunsaku search engine developed by
Fujitsu. The search engine operates in parallel for divided
data, which makes the search even faster. ARSA also has
a large scalability with an increasing amount of data.
In theory, one scarch can be completed within 10s
irrespective of the data size and the query formula.

Nucleic Acids Research, 2008, Vol. 36, Database issue D23

If the data increases more than 10 times larger than the
current amount, however, we may have to increase the
number units in the Shunsaku accordingly to keep
the present search speed.

ARSA covers 23 databases including DDBJ, UniProt,
PFAM, PDB and LENZYME. A special feature of ARSA
is that it can also incorporate the terms defined by the
Feature/Qualifier of INSDC. While this feature is very
helpful for us to annotate the submitted data, it enables
our user to perform data retrieval by using terms in the
Feature/Qualifier. For example, you can search for CDSs
(protein coding sequences) located on human Y chromo-
some, as shown in Figure 1. In the figure, the query
formula is given on the top, and a part of the hit entries is
given below with the accession numbers. By clicking one
of the numbers you can sce its contents. HUM in the last
column stands for the human division. You can download
the search result in Flat File, FASTA or XML, and also
choose the items in the search results to be displayed
on the computer screen and directly download them in
tab-limited format. We also provide you with WebAPI
(http://xml.nig.ac.jp/>http://xmlLnig.ac.jp/) (12) so that
you can customize ARSA by writing a program in Perl
or JAVA. We will soon include KEGG (http://www.
genome.ad.jp/kegg/) in ARSA and make the 24 databases
simultaneously retrievable for common keywords.

NEW FACE OF DDBJ

We updated our home page (HP) in 2005 (13). We are
again in the process of updating it rather drastically this
time. Since the present HP holds many contents that have
been added in an irregular sequence without much
consideration for consistency, it is not really convenient
now for our data submitters and users. The main point of
the updating thus is to reach the almost every content with
three clicks or less, which is now a common practice in
making use of a HP. In the new HP when you click one
of our main services, data submission, data retrieval,
ftp/SOAP, statistics and inquiry, you can get the whole
view of all contents for each service at once, and easily go
to the one of them that you wish. The new HP will replace
the present one by the end of 2007. We hope the new HP
on the new computer system and tool will be more
attractive to our data submitters and users worldwide.
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Two simultaneous hepatitis B virus epidemics among injecting
drug users and men who have sex with men in Buenos Aires,
Argentina: characterization of the first D/A recombinant from
the American continent
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SUMMARY. Previous studies have revealed that hepatitis B
virus (HBV)/D and HBV/F predominate among blood donors
from Buenos Aires, Argentina. In the present study. blood
samples from two high-risk groups were analysed: 160
corresponding to street- and  hospital-recruited  injecting
drug users [81.2% showing the ‘anti-hepatitis B core antigen
{anti-HBc) only’ serological pattern] and 20 to hepatitis B
surface antigen (HBsAg) " /anti-HBc™ men who have sex with
men. HBV genotypes were assigned by polvmerase chain
reaction amplification followed by restriction [ragment
length polymorphism and confirmed by nucleotide
sequencing of two different coding regions, HBV DNA was
detected in 27 injecting drug users (16.9%. occult infection
prevalence: 7.7%), and 14 men who have sex with men
(70%). HBV/A prevailed among injecting drug users (81.8%)
while HBV/F was predominant among men who have sex
with men (57.1%). The high predominance of HBV/A

among injecting drug users is in sharp contrast to its low
prevalence among blood donors (P = 0.0006) and men who
have sex with men (P = 0.0137). Interestingly, all HBV/A §
gene sequences obtained from street-recruited injecting drug
users encoded the rare serotype aywl and failed to cluster
within any of the known A subgenotypes. Moreover, one of
the HBV strains from a hospital-recruited injecting drug user
was [ully sequenced and found to be the first completely
characterized D/A recombinant genome from the American
continent. Data suggest that two simultaneous and
independent HBV epidemics took place in Buenos Alres: one
spreading among Injecting drug users and another one
sexually transmitted among the homosexual and
heterosexual population.

Keywords: Argentina, hepatitis B virus, HBV recombinant,
molecular epidemiology.

Abbreviations: HBsAg, hepatitis B surface antigen: HBV, hepatitis B virus: HCV, hepatitis C virus, HIV, human immunodeficiency virus: IDU.
injecting drug user: MSM, men who have sex with men: NJ, neighbour-joining: pre-C/C. Precore/core; RFLP, restriction [ragment length
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INTRODUCTION

Eight major genotypes of HBV (A to H) with distinct geo-
graphical distribution have been defined [1]. Some of these
genotypes are subdivided into subgenotypes. For example.
genotype A is classified into three major subgroups: Al
(in Asia and Africa), A2 (in Europe and the USA) and A3 (in
Central West Alrica) [2]. Likewise, genotype F is represented
by four subgenotypes: F1 which includes subclades 1a (Cen-
tral America) and 1b (Alaska and Argentina), F2 (widely
present in Central and South America), F3 {Venezuela and
Colombia) and F4 (Bolivia and Argentina) [2—4]. On the other
hand, prior to the definition of the genotypes, HBV strains were
distinguished by serological analysis into nine different HBsAg
subtypes named adw2, adw4, ayw1. ayw2. ayw3, ayw4, adrqg+,
adrg- and ayr [1].

Previous reports have shown that genotype F is the most
prevalent among Argentine chronic patients [3.6]. Fur-
thermore, Franca et al. [22] observed in the same country a
prevalence of 64% for genotype F, 17.3% each lor genotypes
A and D, and 1.3% for genotype C among blood donors.
Noteworthy, the distribution of HBV genotype F is uneven
throughout Argentina since it predominates in the northern
part of the country (88.9%), in contrast with Buenos Aires
city area where 40.9% of the 22 samples analysed were
classified as HBV/D. 31.8% as HBV/F. 22.7% as HBV/A and
4.6% as HBV/C.

HBV molecular epidemiology data regarding risk groups,
such as injecting drug users (IDUs) and men who have sex
with men (MSM), are still lacking in Argentina and scarce in
the rest of the world.

Bearing in mind both the emerging evidence of HBV
genotype relevance in the course of the infection [7], as well
as the lack of information associating a given HBV genotype
with its route of transmission, the aims of the present study
were to retrospectively assess the HBV genotype prevalence
among the above mentioned at risk populations from
Argentina and to analyse their genetic diversity and phylo-
genetic relatedness.

MATERIALS AND METHODS

Informed consent and Ethics Committee

All subjects had provided their informed written consent to
carry out this study. This protocol received approval of the
Independent Ethics Committee on Research (CIEI-FM-UBA).

Samples

During the period 2000-2001, serum samples and epide-
miological data were collected from 80 street-recruited
subjects from Buenos Alres with past or ongoeing history
of injecting drug addiction. Recruitment was done by the
so-called snowball sampling procedure [8].
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In order to rule out the possibility that results corre-
sponding to street-recruited 1DUs were merely the direct
consequence of thelr behaviour as a close community due to
the sampling technique chosen in this study. we decided to
include a second group consisting of an identical number of
unrelated IDUs, who individually visited public hospitals and
treatment centres in Buenos Aires city and its suburbs. Their
serum samples were obtained between 19935 and 2006
(most of them-except 16-during 2001-2002). IDUs patients
were only enrolled if either HBsAg or total immunoglobulin
to hepatitis B core antigen (total anti-HBc) were detected.

In addition. 20 MSM from Buenos Aires, previously
enrolled in a cohort study [9] and whose serum samples had
been collected between February and December 2003, were
also included in this study. MSM were only included if both
markers (HBsAg and total anti-HBc) were positive and no
current or past history of injecting drug use was reported.

Serological assays

Serum samples had been stored at —70 °C until use, HBsAg
and total anti-HBc were tested with commercially available
kits (AxSYM, Abbot, IL. USA). Serological tests for human
immunodeficiency virus (HIV) (Bio-Rad. Fujirebio, Tokyo,
Japan) and hepatitis C virus (HCV) (AxSYM. Abbot, IL, USA)
were also performed following the manulacturer's instruc-
tions.

HBV DNA PCR amplification, nucleotide sequencing and
genotype assignment

By using a DNA extraction kit (Macherey, Nagel. Germany),
HBV DNA was extracted from 200 uL of serum from all
patients.

Initially, the HBV § gene was partially amplified by a pre-
viously described nested PCR protocol [10], yielding an
amplicon of 585 bp (nucleotide position 203 to 787). HBV
DNA was also looked for by three further methods: (i) another
partial § gene PCR [11], yielding an amplicon of 541 bp
(nucleotide position 256 to 796). and exceptionally: (ii) a
nested PCR [10] followed by a boosted PCR (by using the same
primers employed during the nested step) — as an attempt to
make very (aint bands useful for DNA sequencing-, as well as
{iii) a nested PCR performed by combination of primers used by
Zeng et al. (first round) and by Lindh et al. (second round) and
its corresponding boosted PCR (third round).

Amplicons of expected sizes were detected in 1% agarose
gels and subsequently subjected to restriction [ragment
length polymorphism (RFLP) [10.11]. In some samples,
very faint bands were observed: consequently, the RFLP
pattern was under the level of detection for proper HBV
genolype assignment and the sample was considered to be
untypeable.

In order to examine the possibility of an HBV recombi-
nation event, the Precore/core (pre-C/C) region was partially

© 2008 The Authors
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amplified as well {nucleotide position 1756-2451). as
previously described [12].

Subsequently, full-length HBV sequencing [13] was
attempted in all DNA samples showing either inconsisten-
cies /ambiguities of phylogenetic analysis of partial § and
pre-C /C sequences or discrepancy between S gene RFLP and
phylogenetic genotype assignment. However, full length
sequences were only obtained from five samples (S-1DU4,
S-IDUS. S-IDULL. S-IDULY and H-IDU7) due to a combina-
tion of technical factors (low sera availability and very faint
bands). Due to the retrospective nature of the study and the
limited serum volume available. HBV DNA viral load was
not measured.

Appropriate precautions and procedures were strictly
followed to avoid cross-contamination [14.15]. PCR prod-
ucts were bidirectionally sequenced by using the Big-Dye
Termination chemistry (Applied Biosystem. USA)L

The GenBank /EMBL/DDB] accession numbers of the
sequences reported in this paper are: EU185765-EU185767.
EUIB3781-EU1R5789 (street-recruited [DUs), EU185768-
EUI85780, EF467999 (hospital-recruited IDUs) and
EU185741-EU185764 (MSM).

Sequence analysis

DNA alignments of the nucleotide sequences obtained and
GenBank sequences corresponding to HBV genotypes A-H
were generated with the CLUSTAL X program. Phylogenetic
trees were constructed using neighbour-joining (N]) analysis
included within the puvur package version 3.5 ¢ [16]. A
sequence identity matrix was recorded for each the pre-C/C
and 8§ gene partial sequences. by using the BioEdit Sequence
Alignment Editor, version 7.0.1.

Detection of HBV DNA recombination and identification of
recombination sites

All complete genome sequences from Argentine strains were
examined with other HBV genotypes for the presence of
potential recombination event(s) by running the boolscan
analysis available in the siMpLoT (version 3.5.1) [17] and by
using the Grouping Scan included in the Simmonic 2005
Sequence Editor Package (version 1.5) [18]. Moreover, and
in order to confirm the results obtained, a third method to0
detect recombinants developed by one of the authors (P. D.
Ghiringhelli, unpublished data) was used as well. In this
method, alignments were carried out with the Custar X
program (default parameters: [19.20]) between sequence
pairs, always involving the putative recombinant candidate
and one representative sequence of each one of the putative
parental genotypes, The relative similarities were calculated
using the CLUsTAL X consensus symbol (* and blank space) as
the input sequence, in an overlapping windows-based
strategy. Arbitrary values of +1 for identical (*) and -1 lor
nonidentical (blank spaces) residues, to obtain the similarity

@ 2008 The Authors
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profiles were assigned. The sum of assigned values lor each
residue in each window (101 nucleotides) was divided by the
window width and alloted to the central position to gener-
ate the plots. Pairs of profiles were superimposed and anal-
ysed with the aim of detecting cross points between them.
In order to find a good relation between graph complexity
and cross-point detection sensitivity, windows length of 101
residues were scanned.

The breakpoints were estimated by mapping the infor-
mative sites using SIMPLOT (version 3.5.1) [17] and further
confirmed by means of chi-square analysis [21).

Statistical analysis

Statistical differences were evaluated by two methods: (a) the
chi-square calculation with Yates' correction, and ib) the
two-tailed t-test. A P value < 0.05 was used as an indicator
ol statistical significance.

RESULTS

Serological status and HBV genotypes of street-recruited
IDUs (S-1DUs)

Street-recruited  IDUs were divided into three groups
according to different HBV serological patterns. The first
group included six IDUs (83.3% male: mean age + SD =
27.6 years £ 6.9) who were HBsAg positive but total anti-
HBc negative. The second one included 10 IDUs (90% male:
28.7 vears £ 5.0) and showed positivity for both HBsAg as
well as total anti-HBc. Finally, a third group encompassed
64 1DUs (82.8% male: 32.5 years + 6.3) who exhibited the
sole presence of total anti-HBc. The serological status for
HCV and HIV from all HBV DNA PCR positive samples s
depicted in Table 1.

HBV § gene was amplified in 20 out of 80 samples (25%):
three patients from the first group (50%). eight patients from
the second group (80%) and nine from the third one
(14.1%). In 5 of these 20 cases, negligible vields of DNA
products were obtained [rom PCR. even after performing a
third round of amplification. Therefore, only 15 samples out
of these 20) were appropriate for an RFLP analysis [11]. Two
out of 15 samples (13.3%), which belonged to the *anti-HBc
only" group, were classified as genotype C. The remaining
samples (86.7%) were characterized as genotype A, whose
assignment was further confirmed by performing a second
RFLP method, originally described for characterization of
genotypes A-F [11] (Table 1).

Furthermore, the HBV S coding region was successfully
sequenced in 9 out of these 15 samples and all of them were
confirmed as belonging to genotype A, These nine Argentine
HBV strains clustered separately from HBV/AL, HBV/A2
and HBV/A3 strains (Fig. 1a), The phylogenetic analysis
revealed that all the samples were closely related to each
other, with (mean + SD) 98.7 # 0.8 nucleotide identity, as
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Table 1 Major characteristics of the 20 HBV PCR (+) street-recruited IDUs (S-IDUs) from Buenos Aires, Argentina

Serological status

S gene genotype

Date of blood DNA Pre-C/C
sample Anti- Anti- Anti-  Sexual sequencing region

Sample  Gender Age collection HBsAg HBc Ab HCV Ab HIV Ab orientation  RFLP (serolype) genotype®
S-bul M 26 March 2001 # - - - Heterosexual A N.D. A2
S-Ibu2 F 22 July 2000 + - - - Bisexual A N.D. N.D.
S-bu3 M 26 September 2000 + - - - Heterosexual N.D. N.D. N.D.
sDu4 M 28  August 2000+ + + + Bisexual A Au' (aywl) A2
SIDUS M 28 August 2000+ + * = Heterosexual A Au' (aywl) N.D.
SIDU6 M 29  September 2000 + + + + Heterosexual A Au' (aywl) A2
s-Ibu7 F 28 August 2000 + + + - Heterosexual N.D.  N.D. N.D.
sapust M 26 February 2001 + + e + Heterosexual A Au’ (aywl) A2
S-Ibu9 M 40 June 2000 + + + - Heterosexual A Au' (aywl) N.D.
SIDUI0 M 25 june 2000 + + + - Heterosexual N.D. N.D. N.D.
s-pullt M 33 October 2000  + + + - Heterosexual A Au’ (aywl) A2
S-IDU12 M 29 August 2000 - + + + Bisexual N.D. N.D. N.D.
S-IDU13 M 24 August 2000 - + + + Heterosexual C N.D. N.D.
S-IDU14 M 37 November 2000 - + + + Heterosexual N.D. N.D. N.D.
S-IDUls M 29 July 2000 - + - - Heterosexual A N.D. N.D.
S-IDUle M 29 July 2000 - + + + Heterosexual A Au’ (aywl) Al
S-IDU17 M 30 July 2000 - + - + Heterosexual A N.D. N.D.
S-IDU18 F 24 March 2001 - + + + Heterosexual C N.D. N.D.
s-ou1e’ M 45 June 2000 - + + - Heterosexual A Au’ (aywl) A2
S-bu20 M 31 September 2000 - - - - Heterosexual A Au’ (aywl) N.D.

N.D.. not done due to very faint bands, even after performing a nested PCR followed by a boosted step. IDUs, injecting drug
users; Pre-C/C, Precore/core. *Genotypes were assigned by DNA sequencing. "Full-length HBV sequence was obtained. "HBV

genotype A, subgenotype unidentified.

compared with 959 £ 1, 97.4 £ 0.8 and 95.6 £ 0.9 when
$-IDUs strains were matched with HBV/A1, HBV/A2 and
HBV/A3 sequences (n =5 lor each subgenotype), respec-
tively. Estimated intra-group percentage nucleotide identity
was (mean + SD) 98 + 0.5 for HBV/AL, 98 = 0.6 for
HBV/A2 and 99 + 0.5 for HBV/A3. On the other hand,
estimated inter-group percentage nucleotide identity con-
sisted of (mean + SD): 97 £ 0.9, HBV/Al vs HBV/A2;
97 + 0.4, HBV/AL vs HBV/A3; and 96 £ 0.9, HBV/A2 vs
HBV/A3. Moreover, all $-IDUs strains encoded the subtype
ayw1 (Tables 1 and 2), as defined by the presence of Arg'**,
Pro'??, Phe!®, Ala'®? and Lys'®" [1].

HBV pre-C/C region was also PCR amplified. sequenced
and subjected to phylogenetic analysis in 7 out of 15 samples
(Table 1), All of them were assigned to HBV genotype A: one
of the samples clustered together with the HBV/A1 strains,
while the remaining six were included within the HBV/A2
subgenotype (trees available upon request).

Four out of the 15 samples with detectable DNA (samples
S-IDU4, S-IDUS, S-IDU11 and S-IDUT19) were further anal-
ysed, and their HBV full-length DNA sequence conclusively
classified them within the HBV/A2 subgenotype (Fig. 1b).

Serological status and HBV genotypes of hospital-recruited
IDUs (H-IDUs)

These 80 patients were divided into three groups according to
the above-mentioned different HBV serological patterns. The
first group included 13 IDUs (92.3% male; mean age £ SD =
34.9 vears + 12.3) who showed positivity for both HBsAg as
well as total anti-HBc. The second one included 1 IDU (male;
41 vears old) positive for HBsAg bul negative for total anti-
HBe, Finally, a third group encompassed 66 IDUs (83.3%
male; 36.2 years £ 6.3) who belonged to the *anti-HBc only’
group, The serological status for HCV and HIV from all HBV
DNA PCR positive samples is depicted in Table 3.

Fig. 1 A phylogenetic neighbour-joining tree constructed by using (a) partial HBV § gene and (b) full-length genome

sequences. Strains isolated from Argentinean IDUs and MSM are indicated in bold. Sample MSM14 was not included because
it corresponds to a mixed A/F infection. Bootstrap statistical analysis was performed by using 1000 data sets: these values are
indicated in the tree roots. S-IDUs: street-recruited injecting drug users; H-IDUs: hospital-recruited injecting drug users; MSM:

men who have sex with men.
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Table 2 Comparison of the amino acid residues of the 8 gene region — encompassing positions 100 10 210 - of HBV/Au
(HBV genotype A, subgenotype unidentified) isolates with amino acid sequences retrieved from the GenBank and assigned to

HBV/AL, HBV/A2 and HBV/A3.

S region (aa 100-210))
Codon numbert

103 122 id/n)t 127 134 139 160 (w/rif 166 168 207 209
HBYV isolates 1 R r F A K G A S L
Au
S-IDU4 . v
S-IDUS A .
S-IDU6 N 3
S-IDUS '
S-IbU9 %
S-IDUT . Vv
S-IDU16 N 3
S-IDU19 . \Y
S-1DU20 G/A
Al
ABO76679 M K Vv A Y N
M57663 M K A v N
ABO76678 M 7 A Y N
AB116089 M K A v N
AB116083 M K A Y N ;
AB297625 M K A \Y N v
AY233282 K A Y N
A2
VOOS66 M K A Vv Vv
AY233280 M K A Vv Vv
AJ309369 M K A Vv v
AF536524 M K A \Y '
AY128092 M K A Vv v
ABO14370 M K A V' v
8§30225 M K A v ¥
A3
AB194951 M A Vv N
AB194952 M A v N
AB194950 M A v N
AM184125 M A \' N
AMI184126 M A v N

Dots indicate amino acid identity. "Amino acid residue 1 refers to the first amino acid coded by the $ gene in genotype A
sequences. ‘These two columns show key amino acidic positions for subtype assignment.

Both HBV § and pre-C/C coding regions were amplified
and successfully sequenced in 7 oul of 80 samples (8.7%): 6
samples from the first group (46.1%), none from the second
group (0%) and 1 from the third (1.5%) (Table 3).

In six out of these seven samples. phylogenetic trees
constructed by using both the $§ and pre-C/C nucleotide
sequences revealed no discrepancy in genotype assignment
between the two analysed coding regions. Five samples
clustered within the subgenotype A2 strains and one within
subgenotype D3 isolates (Table 3. Fig. 1a).

© 2008 The Authors
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The S gene of the remaining sample (H-IDU7) was partly
amplified and assigned to genotype D by RFLP. However,
when the PCR products were sequenced and subjected to
phylogenetic analysis, the sample was placed [ar from
genotype D branch and close - but not interspersed - to
sequences assigned to subgenotype A2 (Fig. la). As a
consequence of this discrepancy, the HBV § gene sequence
was further analysed by the Simplot and Simmonic
programs and results confirmed by a third method devel-
oped by one of the authors (P.D.G.; graphics available upon
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Table 3 Major characteristics of the seven HBV PCR (+) hospital-recruited IDUs (H-IDUs) from Buenos Aires, Argentina

Serological status

§ gene genotype

Date of blood DNA Pre-C/C

sample Anti- Anti- Anti- Sexual sequencing region
Sample Gender Age collection HBsAg HBc Ab HCV Ab HIV Ab orientation  RFLP (serotype) genolype*
H-IDUT M 33 June 2001 + + + + Heterosexual A A2 (adw2) A2
HIMI2Z M 33 October 2001 + + - + Bisexual A A2 (adw2) A2
H-IDU3 M 30 April 2002 + + e + Heterosexual A A2 (adw2) A2
H-IDU4 M 28 September 1999 + + + + Heterosexual A A2 (adw2) A2
H-IDUS M 23 February 2001 + + + - Bisexual A A2 (adw2) A2
H-IDU6 M 35  December 2006 + + + + Heterosexual D D3 (ayw3) D3
H-IDU7' M 26 May 1995 - + + + Heterosexual D A2 (adw2) D3

IDUs, injecting drug users; Pre-C/C, Precore/core, *Genotypes were assigned by DNA sequencing. "Full-length HBV sequence

was obtained.

request). An HBV D/A recombination event was clearly
shown at the S gene. Consegquently, this genomic recom-
bination fully justified the RFLP assignment as a genotype
D sample.

Furthermore, the full-length HBV genome sequence of this
sample was amplified and subsequently sequenced. The
phylogenetic analysis revealed that the complete genome
sequence belonged to subgenotype D3 (Fig. 1b). However,
evidence of recombination between HBV/A and HBV/D was
confirmed by implementing a bootscanning analysis, as ob-
served in Fig. 2. Plots confirming the recombination event
were observed after performing genomic analysis with the
Simmonic program and the method developed by the au-
thors (P.D.G.: both graphics, available upon request). This
strain-named Rec.ARG1- exhibited a recombinant HBV/A2
segment which corresponded to the nucleotide positions 147
to 636 of the § gene inserted in a backbone corresponding to
HBV/D3.

HBYV genotypes in MSM

Serum samples [rom 20 MSM (mean age + SD = 3(0.9 years
* 6.2), who showed positivity for HBsAg as well as total
anti-HBe, were analysed. HBV S gene was amplified in
13/20 (65%) samples and the pre-C/C region in 11/20
(55%) samples. Epidemiological data and the serological
status for HCV and HIV from the HBV PCR positive MSM
(70%) are shown in Table 4.

Phylogenetic analysis of the S and pre-C/C coding regions
(Table 4, Fig. 1a) revealed that eight samples were assigned
to genotype F (57.1%): five belonged to clade F1b and three
to subgroup F4. Of the six remaining samples, five clustered
together with the subgenotype A2 strains (35.7%) and one
sample exhibited a mixed A/F infection (7.1%). as detected
by RFLP (available upon request).
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DISCUSSION

This Is the first study carried out in Latin America which
analyses and characterizes HBV DNA isolated from two
groups with different risk factors: IDUs sharing needles and
syringes and MSM exhibiting high-risk sexual behaviour.

Three major topics deserve to be analysed: (i) the obser-
vation of two simultaneous HBV epidemics involving differ-
ent HBV genotypes among IDUs in comparison with MSM,
HBV chronic carriers and blood donors (the latter two
studied by Telenta et al. [6], and by Franga et al. [22],
respectively, and herein used as a preliminary approach to
the HBV molecular epidemiology within the general popu-
lation, whose data are still unknown); (i) the complete
characterization of a novel D/A recombinant strain: and (iii)
the observation of isolates clustering in a previously nonre-
ported divergent genotype A clade at the S gene.

HBV molecular epidemiology data regarding the genotype
prevalence among IDUs are still scarce and the few reports
available are widely divergent [23-31), Taking into account
that several of these studies concerning HBV typing were
performed at different time periods, it Is unclear whether the
reported association of genotype D and IDUs [25-31] reflects
a differential route of transmission, a genotype shifting in a
given area when two periods are compared or — alternatively
—a mere reflection of the genotype circulating in the general
population at a given time.

The high predominance of HBV/A among epidemiolog-
ically related (street-recruited) and unrelated (hospital-
recruited) IDUs [rom Buenos Aires is in sharp contrast to
its lower prevalence among three different populations
residing in the same area: HBV carriers studied in the
middle nineties [6] (P = 0.0066), blood donors examined
during this decade [22] (P = 0.0006) and the MSM group
with high-risk sexual behaviours included in the present

© 2008 The Authors
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Fig. 2 Bootscanning analysis of the full-length genome of query sequence Rec.ARG1 to representative sequences ol putative
parental genotypes (A and D), other genotypes (B—C and E-H) and outgroup (0). Graph was generated using SIMPLOT
{version 3.5.1) with a window size of 200 bp, step size of 20 bp, gap-strip off, Kimura and transition/transversion ratio: 2.
Rec. ARG exhibits a recombinant HBV/A2 segment which corresponds to the nucleotide positions 147 to 636 of the S gene
inserted in a backbone assigned to HBV/ D3. GenBank accession numbers for the representative sequences of the eight HBV
genotypes included in the phylogenetic analyses, are as follows: genotype A (ABO76679, M57663, ABO76678, AB11608Y,
AB116083. AF297625, AY233282, VOO866, AY233280, AJ30936Y9, AF536524, AY128092, ABD14370, §50225,
AB194951, AB194952, AB194950, AM184125 and AM184126); genotype B (DO0329, AB010292, ABO7 3854, X97850,
ABO73839, ABO76679, AB033554, AB033555, D0O0331 and AB117759): genotype C (AB112065, AY217371,
AB112348, AF182802, D50520. AF533983, X75656. X75665. AB048704 and ABO48705); genotype D (AB104712,
AF151735, AF280817. AY721605, AB126581, X80925, AY796031, ABO90268, A[344117, AB0Y90269, ABOYO270),
AY0Y0452, X65258. U95551, ABO48701, AB048702, ABO48703 and AB033559): genotype E (X75664, AB091255 and
ABU91256): genotype F (AY090456, AY090458. AY090459, AYO90461, AF223964, AF223963, AY179735,
AY0D90455. X69798, AB036905, AB036908, AB03I6909, AB03IA910, ABO3AY11, X75663, AF223965, AY179734,
X75658 and AB166850); genotype G (AB056513, ABO56515 and AB064313); and genotype H (AY090460, AY090454
and AY090457). The full-length genome of the woolly monkey hepadnavirus, the most divergent primate hepadnavirus, was

included as an outgroup sequence (AF046996).

study (P = 0.0137). Genotype G coinfection among S-IDUs
samples was ruled out by using G-specific primers for PCR
amplification (data not shown: [32]). As previously stated,
the serum samples from all groups were collected
throughout the same period of time. Thus, such dissimilar
prevalence should not be ascribed to a genotypic shift
among samples obtained at significantly distant dates.
Moreover, since genotype D and F - but not A — appeared
to predominate among blood donors in Buenos Aires city,
it Is suggested that HBV/A predominance among IDUs
could not be considered a mere reflection of HBV strains
circulating in the general population. At least two possi-
bilities should be taken into account: (i) two independent
HBV epidemics occurring simultancously in Buenos Aires
and related to the route of transmission: or (ii) a putative
association between a given HBV genotype and an addi-

© 2008 The Authors
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tional factor (HIV-1 and/or HCV co-infections, occult HBV
infection, etc.).

Interestingly. earlier studies on HIV-1/HBV coinfected
subjects showed that HBV/A predominates among Japanese
[33] and Spanish MSM [28.29] while HBV/D prevails
among Spanish IDUs [28.29]. However. in our study no
statistically significant difference in HBV genotype preva-
lence was found when either high-risk subjects coinfected
with HIV-1 (n =16 for IDUs and n = 4 for MSM) were
compared to those who were scronegative for the latter
{n = 6 for IDUs and n = 10 for MSM). Moreover, no differ-
ence between genotype prevalence was observed after
analysing HCV coinfected and HCV noninfected HBV
patients nor after the presence or absence of occult infections
was recorded. Furthermore, no statistically significant dif-
ference in HBV genotype distribution was observed between
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Table 4 Major characteristics of the 14 HBV PCR (+) MSM [rom Buenos Aires, Argentina

Serological status

Date of blood Number  Sexual intercourse

sample of sexual  with men from a Anti- Anti- Anti-  S/Core Genotype'
Sample Age collection partners® foreign country?  HBsAg HBc Ab HCV Ab HIV Ab PCR  (serotype)
MSM1 30  February 2003  11-50 Germany + + - - +/= F1b (adwd)
MSM2 35 February 2003 610 Spain + + - - +/+ F1b (adw4)
MSM3 41  March 2003 6-10 No + + - - +/- F4 (adw4)
MSM4 26 April 2003 6-10  Brazil i + - + +/+  Flb (adwd)
MSM5 21 May 2003 1 Paraguay, + + - - +/= F4 (adw4)

Brazil and USA

MSM6 36 July 2003 2-5 No + + . - +/+  F1b (adwd)
MSM7 23 October 2003 0 No + + - - +/+ F1b (adw4)
MSM8 35 November 2003 11-50 No + - - - +/+ F4 (adwd)
MSM9 33 November 2003 | No + + - + +/+ A2 (adw2)
MSM10 22 April 2003 2-5 UsA + + - + +/+ A2 (adw2)
MSMI11 19 August 2003 1 No + + - - +/+ A2 (adw2)
MSM12 35 August 2003 1 Australia + + - - +/+ A2 (adw2)
MSM13 32 August 2003 2-5 No + + - - -+ A2
MSM14 34  September 2003  2-5 Colombia and USA + + - - +/+ Mixed A /F

MSM. men who have sex with men. *In the last 6 months: 'Genotypes were assigned by DNA sequencing. No discrepancies in
genotyping results were observed between RFLP and both S gene as well as pre-C/C region sequencing.

MSM subjects and blood donors. As a whole, these data
suggest that two simultancous HBV epidemics took place in
Buenos Alres city: one blood-borne infection associated with
the HBV/A genotype and spreading among [DUs, and an-
other one sexually transmitted among the homosexual and
heterosexual population.

Interestingly, recent molecular studies have revealed two
simultaneous epidemics caused by different HIV-1 subtypes
in Buenos Alres |34]. Noteworthy, the serum samples
analysed by Avila et al. [34] were collected in the same
period of time as the samples characterized in the present
study. Therefore, in contrast to what was previously stated
for HIV-1, HBV showed similar patterns of infection in the
homosexual and heterosexual populations from Buenos
Alres between 2000 and 2003,

There is fairly general agreement in considering HCV-
infected patients as those with the highest prevalence of
occult HBV infection. This type of persistent infection mostly
appears due to a strong suppression of HBV replication and
gene expression probably induced by HCV ‘core’ protein
[35]. In our study. 81.25% of the recruited IDUs were
included in the *anti-HBe only’ group. being 86.15% of them
coinfected with HCV. HBV DNA was detected in 10 samples
from the ‘anti-HBc only’ group. which implies that the
prevalence of occult HBV infection among Argentine IDUs Is

.7%. Moreover, among them, a novel intergenotypic /A
recombinant strain (showing different breakpoints from all
/A recombinants already documented) was isolated from a
HCV coinfected patient. This is the first full-length HBV D/A
recombinant genome characterized from the American
continent.

-193 -

At the § gene region, all sequenced street-recruited [DUs
samples were genotyped as HBV/A, although subgenotype
assignment was not possible (HBV genotype A. subgenotype
unidentified). Probably due to the snowball recruitment
technique employed. data suggest that this group ol patients
behaves as a closed community since no HBV/A isolate
obtained from unrelated hospital-recruited IDUs (n = 5)
exhibited the same degree of nucleotide divergence at the §
gene,

To obtain a complete characterization of these nine Au
isolates, the full-length genome from four of them and the
pre-C/C region from three strains could be sequenced.
ascribing six isolates to subgenotype A2. However. the
remaining strain clustering within the Au sequences at the §
gene, grouped within the Al sequences at the pre-C/C
region as confirmed by phylogenetic analysis (available upon
request), the presence of nucleotide substitutions T1809 and
T1812 considered to be characteristic of HBV/A1 [36], and
a (mean £ SD) 98.1 £ 0.01 nucleotide identity when com-
pared to Al sequences (n = 7), in contrast to 97.3 £ 0.008
and 97.6 + 0.006 with respect to A2 (n=7) and A3
(n = 5) sequences. respectively.

As a whole, these data might suggest that a recombination
event involving a previously unrecognized HBV/A sequence
and an A2 or Al genome could have arisen among S-IDUs at
the S coding region. Moreover. these unusual strains showed
the serological subtype ayw1, which is considered to be rare
among isolates assigned to genotype A [1]. With the exception
of the A3 isolates and a few Al strains from Africa and the
Philippines, which are ayw1, the HBV/A2 isolates exhibit all
serotype adw2. Therefore, these unique Argentine samples

© 2008 The Authors
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represent the first strains classified as genotype A encoding
serotype ayw] in the American continent.

HBV/A when compared to other genotypes may be asso-
ciated with higher risk to develop chronic carrier state after
acute infection in adults (discussed in [37]). Particularly.
this was explained by differences in the replicative ability of
different genotypes [38]. Persistence of the viral infection
may also be assoclated with the dose of virus exposed to the
host immune system [39]. Obviously. intravenous injection
and sexual contact result in different HBV infection doses.
These [actors may have contributed to the coexistence of two
simultaneous and independent epidemics in Buenos Aires.
suggesting that some HBV genotypes might be predomi-
nantly associated to different risk factors/behaviours, as
observed among IDUs and MSM populations in Argentina.
Further clinical and experimental studies are required to
determine an eventual association of certain HBV genotypes
with a particular transmission route and the development of
the chronic carrier stage in adults, This should shed some
light in the development of both efficient vaccination and
treatment strategies for populations where different geno-
types are distributed.
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Abstract

Hepatitis B virus genoty pes are associated with transmission pattern, virological and clinical features and outcome of the chronic infection course,
HBV genotypes other than Genotype F (HBV/F) are considered a reflection of human migration into South America. A total of 487 individuals in
Bolivia. including Japanese immigrants (n = 287) and natives (n = 200), were screened for HBV serological markers. Overall 22/487 (4.5%) of the
subjects were positive for HBsAg. 217/487 (44.5%) for anti-HBc¢ and 162/487 (33.3%) for anti-HBs. Genotypes were determinable in 22 cases
by EIA. followed by sequencing and phylogenetic analysis in 17 cases, HBV genotype distribution in Japanese and Bolivians was HBV/F (4 and
8); HBV/C (5 and 3); and HBV/B (1 and 1), respectively. Phylogenetic analyses of nine complete and eight partial (HBsAg/pre-core/core region)
genomes, revealed that HBV/F strains cluster with previously reported regional strains, whereas HBV/B and HBV/C strains belonged to Asian
subgenotype B2 (Ba) and C2 (Ce). respectively. Japanese immigrants might have introduced HBV/B and HBV/C to natives in Bolivia, conversely,
exposed 1o the indigenous HBV/FE. This report provides evidence of an inter-communities transmission of HBV revealed by its genotypes. Further
study is required to investigate peculiarities of the genotypes in different ethnic groups in Bolivia.
© 2007 Elsevier B.V. All rights reserved.

Kevwords: Bolivians; Japanese immigrants; HRV: Genotypes; Transmission

1. Introduction

Reports indicate that about two billion people are exposed
to HBV and 350 million of them have chronic infection around
the world. Morbidity and mortality in chronic HBV infection is
associated with development of liver cirrhosis (LC) and hep-
atocellular carcinoma (HCC). Populations is South and East
Asia, sub-Saharan Africa, and Central and South America show
particularly high frequencies of HBV infection that may be

* Corresponding author. Tel.: +81 52 853 8292; fax: +81 52 842 0021,
E-mail address: mizokami@ med nagoya-cu.ac_ jp (M. Mizokami).
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maintained through mother to child perinatal transmission (Chen
et al., 2004) or horizontal transmission in childhood (Dumpis
et al., 2001). Knowledge of hepatitis B infection and genotype
distribution is necessary to design and evaluate the preventive
measures, such as universal immunization.

HBV strains infecting humans show antigenic and genetic
heterogeneity and are currently classified into eight genotypes
that differ in nucleotide sequence by >8% and subgenotypes by
>4%. These genotypes have geographical distribution: A and D
have global distributions; genotypes B and C are found predom-
inantly in East and Southeast Asia; genotype E in West Africa;
and genotypes F and H are considered indigenous to Central
and South America (Miyakawa and Mizokami, 2003; Norder et

- 196 -



