
RESEARCH ARTICLE

Hepatitis B Virus Genotype D Isolates
Circulating in Chapecó, Southern Brazil,
Originate from Italy
Carolina Souza Gusatti1,2, Cintia Costi2, Maria Laura Halon2, Tarciana Grandi2, Arlete
Ferrari Rech Medeiros3, Cláudia Maria Dornelles Silva2, Selma Andrade Gomes4, Marcia
Susana Nunes Silva5, Christian Niel4*, Maria Lucia Rosa Rossetti1,2,5

1 Programa de Pós-Graduação em Biologia Celular e Molecular, Centro de Biotecnologia, Universidade
Federal do Rio Grande do Sul, Porto Alegre, Brazil, 2 Centro de Desenvolvimento Científico e Tecnológico,
Fundação Estadual de Produção e Pesquisa em Saúde, Porto Alegre, Brazil, 3 Setor de Hepatites Virais,
Secretaria Municipal de Saúde, Chapecó, Brazil, 4 Laboratório de Virologia Molecular, Fundação Oswaldo
Cruz, Fiocruz, Rio de Janeiro, Brazil, 5 Programa de Pós-Graduação em Biologia Celular e Molecular
Aplicada à Saúde, Universidade Luterana do Brasil, Canoas, Brazil

* niel@ioc.fiocruz.br

Abstract
Hepatitis B virus genotype A1 (HBV/A1), of African origin, is the most prevalent genotype in

Brazil, while HBV/F predominates in the other South American countries. However, HBV/D

is the most common in the three states of southern Brazil, where ‘islands’ of elevated preva-

lence, as Chapecó and other cities, have been described. In this study, 202 HBV chronic

carriers attending in 2013 the viral hepatitis ambulatory of Chapecó, were investigated. In

comparison with previous studies performed in the same ambulatory, a rapid aging of the

HBV infected population was observed (mean age of the newly diagnosed patients increas-

ing from 29.9 ± 10.3 years in 1996 to 44.4 ± 13.3 years in 2013), probably due to a singular

vaccination schedule at Chapecó that included not only children but also adolescents. Phy-

logenetic and BLAST analyses (S region) classified 91 HBV isolates into genotypes A (n =

3) and D (n = 88). The majority of HBV/D isolates were closely related to D3 sequences. To

understand the reasons for the absence or near absence of genotypes A and F, and how

HBV/D was introduced in the south of Brazil, HBV/D infected patients were inquired about

their genealogical and geographical origins. Forty-three (52%) patients have their four

grandparents of Italian origin, vs. seven (8%) who have their four grandparents of Brazilian

origin. At all, 65 out of 83 (78%) patients had at least one grandparent originating from Italy.

Taking into consideration the fact that Italy is one of the few countries where subgenotype

D3 is predominant, the results strongly suggested that HBV/D was introduced in Brazil

through Italian immigration which culminated between 1870 and 1920.
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Introduction
Despite the availability of a prophylactic vaccine for more than 20 years, hepatitis B remains
one of the major public health problems worldwide. More than 240 million people are chroni-
cally infected with hepatitis B virus (HBV) and more than 780,000 die every year due to the
acute or chronic consequences of hepatitis B [1]. HBV prevalence, measured by the presence of
hepatitis B surface antigen (HBsAg) in the serum, varies from< 1% to> 10% depending on
the country.

In Brazil, endemicity is low, and public immunization programs have been implemented
since the early 1990s. The estimated HBsAg prevalence among people aged 20 to 69 years var-
ies from 0.40% to 0.92% in the capitals of the 26 states [2]. However, some areas show preva-
lence rates markedly higher than the average, not only in the Amazon region, but also in some
southern counties, as Chapecó [3,4] and Caixas do Sul [5].

HBV isolates have been classified into eight genotypes (A to H), based on a genomic
sequence divergence> 7.5% over the entire DNA genome [6]. Additionally, genotypes I [7]
and J [8] have been proposed. The most cosmopolitan genotypes are A and D. Genotypes B
and C are found in East and Southeast Asia, genotype E in West Africa, and genotype F is
spread among indigenous Americans [9]. Within genotype D, at least seven subgenotypes have
been described. HBV/D1 is the most prevalent subgenotype in Greece, Turkey and North
Africa, D2 in northeastern Europe (Russia, Belarus, Estonia) and Albania, and D3 in Italy and
Serbia. The other subgenotypes circulate mainly outside Europe and the Americas [10,11].
Chronic patients infected with HBV/A show a favorable response to alfa-interferon more fre-
quently than those infected with HBV/D (reviewed in [12]).

In South America, genotype A is predominant in Brazil [13], which is the only Portuguese
speaking country, while genotype F has been shown to be the most prevalent in the other,
Spanish speaking countries [14]. However, genotype D is widespread in southern Brazil. Recent
studies have suggested that (i) the majority of HBV/A isolates circulating in Brazil (subgeno-
type A1) originated from the slaves removed from Southeast Africa at the middle of the 19th
century [15], and (ii) HBV genotypes from European origin explained the elevated endemicity
found in some southern Brazil areas [16].

In this study, 91 HBV isolates from chronic patients living in Chapecó (southern Brazil)
were genotyped. Eighty-eight (97%) belonged to genotype D. In an attempt to understand the
reasons of the absence or near absence of genotypes A and F in this population, and how HBV/
D was introduced in the south of Brazil, the question of the genealogical and geographical ori-
gins of the patients was addressed, and a phylogenetic analysis was performed.

Materials and Methods

Ethics Statement
All subjects, who knew to be or have been infected with HBV, gave their written consent to par-
ticipate to the study, and answered questions about age, ethnicity, health status, occupation,
lifestyle including drug use and sexual behaviour, blood transfusion, surgery, hemodialysis,
presence of HBV carriers in the family, and others allowing to evaluate risk factors for HBV
infection. This study was approved by the Ethics in Research Committee of Fundação Estadual
de Produção e Pesquisa em Saúde (national registration number CAAE
20225713.5.0000.5320). Consent forms and questionnaires were kept separately in a laboratory
located in a State other than that where patients lived. The names of the patients could not be
linked to any study data collected.
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Subjects
Blood samples were collected in 2013 from 202 adults attending the viral hepatitis ambulatory
of the Department of Health of Chapecó County, State of Santa Catarina, southern Brazil. All
of them were HBsAg positive patients, diagnosed as HBV chronic carriers between 1991 and
2013. Four (2%) and two (1%) of them were anti-HIV and HCV RNA positive, respectively.
Information about HBV serological status and treatment of the patients, as well as date of noti-
fication of the disease, was collected in medical records. Additionally, 161 HBsAg negative,
anti-hepatitis B core (anti-HBc) positive individuals were recruited among (i) those who had
been taken care in the past in the ambulatory, (ii) family members of the above-described
chronic carriers, and (iii) health care workers of community health centers of Chapecó County.

Viral DNA extraction
Viral DNA extraction was performed from 200 μL of plasma by using the HiYield Viral Nucleic
Acid Extraction kit (RBC Bioscience, Taipei, Taiwan) according to the manufacturer's instruc-
tions, with the following modifications: 0.5 mg/mL of proteinase K was added to the lysis
buffer, and lysis was performed for 15 min at 60°C. DNA was recovered in 50 μL of DNase/
RNase-free water and stored at—20°C.

Calculation of viral load, nucleotide sequencing, subtyping and
genotyping
HBV DNA detection and quantification was performed by TaqMan real-time polymerase
chain reaction (PCR). After alignment of HBV sequences available in the GenBank database by
using Clustal X (Conway Institute, Dublin, Ireland), BioEdit (Abbott Company, Carlsbad, CA)
and PrimerExpress (Applied Biosystems, Foster City, CA) softwares, a consensus sequence was
obtained which was used to design forward (5’-TTGTCCTGGYTATCGYTGGATGTG-3’)
and reverse (5’-GATGAGGCATAGCAGCAGGATG-3’) PCR primers and fluorescent probe
(6-FAM-TGCGGCGTTTTATCAT-MGB-NFQ). The PCR product was a 72-base-pair (bp)
fragment of the surface antigen gene. PCR assay was performed on an ABI 7500 platform
(Applied Biosystems) in a 30 μL reaction containing 9 μL of DNA template, TaqMan universal
master mix (Applied Biosystems), 300 nM of each primer and 250 nM of probe. Samples with
known viral load were used as controls. Samples and controls were tested in triplicate. The
test was linear from 1.0 log IU/mL to 8.0 log IU/mL, and the reaction efficiency was 98.3%.

HBV DNAs of the real-time PCR positive samples were then amplified by using a conven-
tional PCR assay described previously [17], which generated a 485-bp fragment located in the
S region of the genome. Amplicons were purified with PureLink PCR Purification Kit (Life
Technologies, Carlsbad, CA). Nucleotide sequencing was done in both directions with BigDye
Terminator v3.1 Cycle Sequencing Kit, and sequencing reactions were analyzed on a 3130xl
Genetic Analyzer (Applied Biosystems).

Deduced amino acid sequences were used to predict the subtypes of the HBV isolates by
determination of the residues present at positions 122, 127, 134 and 160 of the S protein, as
described previously [18].

Genotypes of the HBV isolates were first determined by using the BLAST algorithm (http://
blast.ncbi.nlm.nih.gov/Blast.cgi) which calculates the percent identities between a given
query nucleic acid sequence and a database of sequences of known genotypes. Moreover, the
high-quality portion (358 bp) of the sequences were aligned with those of 231 genotype D iso-
lates, i.e. all those which were completely sequenced (3,182 bp) and whose subgenotype was
informed in Genbank. Reference strains belonging to the other genotypes were included in the
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alignment. This was performed by using Clustal-X fromMEGA software version 6 [19]. Maxi-
mum likelihood method was used to construct a phylogenetic tree.

Genealogical origins of the patients
All but one patient were born in Brazil, and the one remaining was Haitian. However, it was
noticed that many patients had not Portuguese-sounding surnames, as it is usual in Brazil, due
to Portuguese colonization. It was therefore decided to conduct a genealogical research using
the surnames of the HBV infected patients to determine their ancestry. This was conducted in
four, freely accessible dababases containing a very large number of family names, in order to
determine the geographical origin of the surnames of the patients. In all four databases, the
search queries were the own family names of the patients. Only exact matches were considered,
excluding close matches and alternative spellings. However, the object of the search varied
from one database to another. DatabaseMyHeritage (www.myheritage.com), whose purpose is
to reconstruct the history of the families, was queried for the most common among the birth
countries of the persons carrying the same last names as those of patients. As most non-indige-
nous Brazilians are descendant of Europeans, only European countries were considered. Simi-
larly, the database of the Statue of Liberty-Ellis Island Foundation (www.libertyellisfoundation.
org), which identifies passengers of the ships that brought immigrants to The United States,
was screened for the most common last residence/birth country of the people carrying the sur-
names of the patients. The presence of those family names was also investigated in the database
of the Ferrara Cidadania Italiana company (www.ferraracidadaniaitaliana.com.br), which
includes names of Italians who immigrated in Brazil. Finally the Cognomix database (www.
cognomix.it), which shows the geographical distribution of surnames within Italy, was used to
determine the regions of Italy where each surname is more disseminated.

In addition, all patients were asked about the places of birth of their parents and grandpar-
ents as well as the countries of origin of the families of their four grandparents.

Statistical analysis
Categorical variables of epidemiological features were compared using Pearson’s χ2 test or
Fisher’s exact test, as appropriate. Continuous variables were compared using ANOVA. P val-
ues< 0.05 were considered statistically significant. Data were analysed using SPSS 20.0 soft-
ware (IBM, Armonk, NY).

Results

Characteristics of the patients
Table 1 shows the demographic, epidemiological and serological characteristics of 202 HBV
chronically infected patients attending in 2013 the viral hepatitis ambulatory of Chapecó,
southern Brazil. Data were compared with those of similar, although smaller, groups of patients
of the same ambulatory notified in 1996 and 2006, respectively, whose data have been pub-
lished previously [20]. The male:female ratio was almost identical (54.5–56.0% of males) in
the three groups. An aging of the chronically HBV infected population over the years was
observed: while about two-thirds of the patients were 20–39 years old in 1996 and 2006,
more than 60% were aged 40 to 59 years in 2013. Of note, the mean age at notification (new-
comers) increased significanly, from 29.9 years in 1996 to 34.9 in 2006 and 44.4 in 2011–2013
(p< 0.01). Patients were primarily (87.6%) whites, without significant variation of the pro-
portion over time. Vertical transmission was the major risk factor identified, with 24.8% of
patients whose mother and/or siblings were HBV carriers, followed by sexual and parenteral
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transmission. Hepatitis B ‘e’ antigen (HBeAg) marker was detected in a small proportion
(8.4%) of the patients, as it was the case for the groups studied in 1996 and 2006 (Table 1).

Viral load and occult infection
DNAs extracted from all 363 samples of this study, including 161 anti-HBc positive, HBsAg
negative samples, were submitted to real time PCR. On a total of 202 HBsAg positive samples,
120 (59.4%) gave positive results, with a proportion slightly higher in the group of untreated
patients (63.2%) than among those under treatment (51.5%) (Table 2). No significant differ-
ence of mean viral load was noted between the two groups (3.0 vs. 3.1 log IU/mL). As expected,

Table 1. Demographic, epidemiological and serological characteristics of HBV chronically infected patients accompanied in Chapecó, southern
Brazil (1996, 2006 and 2013).

Feature 2013 (this work) 2006 [20] 1996 [20] p value

Number of patients 202 66 84

Males 110 (54.5%) 36 (54.5%) 47 (56.0%) NS

Age range, years <0.01

18–19 1 (0.5%) 4 (6.1%) 13 (15.5%)

20–39 55 (27.2%) 42 (63.6%) 59 (70.2%)

40–59 124 (61.4%) 18 (27.3%) 11 (13.1%)

� 60 22 (10.9%) 2 (3.0%) 1 (1.2%)

Age at notification (newcomers only) 44.4 ± 13.3 a 34.9 ± 11.9 29.9 ± 10.3 <0.01

Ethnicity NS

Whites 177 (87.6%) 63 (95.5%) 77 (91.7%)

Blacks or mulattos 25 (12.4%) 3 (4.5%) 6 (7.1%)

Risk factor -

Vertical 50 (24.8%) n.a. n.a.

Parenteral 36 (17.8%) n.a. n.a.

Sexual 22 (10.9%) n.a. n.a.

Unknown 94 (46.5%) - -

Serological markers

HBeAg 17 (8.4%) 8 (12.1%) 2 (2.4%) NS

Anti-HBe 170 (84.1%) n.a n.a

Anti-HBs 0 n.a. n.a.

NS, not significant; n.a. not available
a Based on the 64 patients notified between 2011 and 2013.

doi:10.1371/journal.pone.0135816.t001

Table 2. HBV DNA detection and viral load in HBsAg positive and negative subjects.

HBsAg positive

HBV DNA detection Under treatment (n = 66) Not treated (n = 136) Anti-HBc positive, HBsAg negative (n = 161)

Real-time PCR positive samples 34 (51.5%) 86 (63.2%) 9 (5.6%)

Viral load of positive samples

< 100 IU/mL 11 14 2

100–2000 IU/mL 13 51 7

> 2000 IU/mL 10 21 0

Mean ± SD (log IU/mL) 3.1 ± 1.7 3.0 ± 1.3 2.1 ± 0.3

doi:10.1371/journal.pone.0135816.t002
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a strong positive correlation (p = 0.0015) was observed between detection of HBV DNA and
HBe antigenaemia (not shown). Interestingly, nine out of the 161 anti-HBc positive, HBsAg
negative samples gave PCR positive results, that suggested the occurrence of occult infection,
although at low (5.6%) frequency and viral load (mean 2.1 log IU/mL).

Genotypes and subtypes distribution
Direct sequencing of the S region, and subsequent subtyping and genotyping, were achieved
for 91 HBsAg positive samples. Table 3 summarizes the results. Three (3%) and 88 (97%) sam-
ples belonged to genotypes A and D, respectively. Within genotype A, the two isolates derived
from patients born in Brazil were classified as adw2, while the third one, from the only patient
born out of Brazil (Haiti), was ayw1. Within genotype D, 60, 21 and 5 HBV isolates were sub-
typed as ayw2, ayw3 and ayw4, respectively. Two additional ayw samples could not be fully
subtyped, due to the presence of an Ala residue at position 127 of the small S protein in place
of the usual residues Pro for subdeterminant w1/2, Thr for w3, or Leu for w4. Moreover, one of
these two ayw samples showed base ambiguities at several genome positions, suggesting a
mixed infection with two HBV/D isolates.

A phylogenetic tree is shown in Fig 1, that was constructed with the 91 sequences deter-
mined in this study along with 30 sequences available in GenBank and representative of the dif-
ferent HBV genotypes and HBV/D subgenotypes. Although it was judged preferable to restrict
the classification of the isolates from Chapecó to the genotype-, not subgenotype level, because
partial sequencing of the HBV genome may not be appropriate to ascertain the subgenotype
[21,22], it could be observed that a majority (60/91) of them were closely related to isolates
characterized as D3 after sequencing of their complete genomes. A good correlation could be
observed between genotype D2 and subtype ayw3 (blue filled circles) on one hand, and
between genotype D3 and subtype ayw2 (red) on the other hand.

Origin of the patient family names
Genotypes HBV/A and HBV/F have been described as predominant in Brazil [13,23] and the
other South American countries [14], respectively. While seeking the reason why genotypes A
and F were absent or almost absent in the group under study (97% of HBV/D), it was noticed
that many patients had not Portuguese-sounding family names, as it is generally the case in
Brazil, due to Portuguese colonization. In an attempt to unveil the origin of HBV/D, it was

Table 3. Distribution of HBV genotypes and serological subtypes among HBV chronically infected
patients.

Genotype Subtype n Birth country

A All 3

adw2 2 Brazil

ayw1 1 Haiti

D All 88

ayw2 60 Brazil

ayw3 21 Brazil

ayw4 5 Brazil

aywa 2 Brazil

Total 91

a not fully subtyped due to the presence of an alanine residue at position 127 of the small S protein

doi:10.1371/journal.pone.0135816.t003
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Fig 1. Phylogenetic analysis based on HBV small S nucleotide sequences. The phylogenetic tree,
performed by using the maximum likelihood method, incorporates 30 isolates which sequences are available
in GenBank along with the 91 isolates from this study represented by filled circles. The following color-code
indicates serotypes: green, adw2; dark blue, ayw1; red, ayw2; light blue, ayw3; purple, ayw4; brown, ayw. The
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then decided to search for the geographical origins of the surnames of all the 88 HBV/D
infected patients. This search was performed in four online, freely accessible databases, each of
them created with a different purpose (Table 4). By retrieving data from the two largest data-
bases,MyHeritage (family history; 1.7 x 109 profiles) and Statue of Liberty-Ellis Island Founda-
tion (immigrants in the USA; 5.1 x 107 ship passenger records), Italy was found to be the most
common country of birth (or last residence) of the persons carrying the surnames of the
patients (43/88 [49%] and 36/73 [49%] cases, respectively). Moreover, the surnames of 34
(39%) patients were found among the records of Italian immigrants in Brazil, compiled in the
Ferrara Cidadania Italiana database. From the Cognomix database, it was infered that Veneto
was the region of Italy where the surnames of the patients were the most disseminated, in
agreement with historical records of Italian immigration in Brazil [24].

Genealogical origins of the patients
A survey was then conducted directly with the 88 HBV/D infected patients who were asked
about the places of birth of their parents and grandparents as well as the countries of origin of
the families of their four grandparents. These questions were answered by 87 (all but one)
patients. However, four of them did not know the origin of any of their grandparents. Table 5
shows the results obtained from the remaining 83 patients. Interestingly, 43 (52%) patients
declared that their four grandparents were of Italian origin, vs. only seven (8%) who had their
four grandparents originated from Brazil. At all, 65 out of 83 (78%) patients had at least one
grandparent originating from Italy, compared with 29 (35%), 11 (13%), six (7%) and two (2%)
from Brazil, Germany, Portugal and Poland, respectively. Finally, three (4%) patients declared
that one of their grandparents was indigenous.

GenBank accession numbers not indicated on the figure are: Genotype B, D00329; C, AB112066; D4,
KF192838, KF192840 and KF192841; D5, GQ205378, GQ205379 and GQ205389; D7, FJ904430,
FJ904444 and FJ904447; E, X75664; F, X69798; G, AB056513; H, AY090454.

doi:10.1371/journal.pone.0135816.g001

Table 4. Geographical origins of the surnames of 88 HBV/D infected patients living in Chapecó, southern Brazil, traced from four free databases.

Database Results

Name Countries Purpose
(search for)

Number of
records

Research tool No. (%) of patients
surnames present
in the database

Searched item Countries/
regions of Italy

MyHeritage All Family history 1.7 x 109

profiles
‘Supersearch’ 88 (100%) Most common birth

countrya
Italy, 43

Portugal, 11
Others, 34

Statue of Liberty-
Ellis Island
Foundation

All Immigrants in
the USA

5.1 x 107 ship
passengers

‘Passenger
search’

73 (83%) Most common last
residence/ birth

countrya

Italy, 36
Portugal, 18
Others, 19

Ferrara
Cidadania
Italiana

Italy Italian
immigrants in

Brazil

3.5 x 105

records
‘Search your
surname’

34 (39%) – –

Cognomix Italy Italian
surnames

1.1 x 104

surnames
‘Maps of Italian

surnames’
48 (54%) Geographical

distribution of the
surnames in Italyb

Veneto, 17
Lombardy, 6
Others, 5

In all searches, only exact matches were considered, excluding close matches and alternate spellings.
a Only European countries were considered.
b Only surnames carried by more than one hundred people were considered.

doi:10.1371/journal.pone.0135816.t004
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Discussion
The city of Chapecó, founded in 1917, is located in the western part of the State of Santa Cata-
rina, a region of southern Brazil colonized by Italian, German and other European immigrants.
In Chapecó, the prevalence of HBsAg and anti-HBc has been reported to be 2- to 10-fold
higher than in other cities of the State [4]. In this study, demographic data of HBV chronic car-
riers, accompanied in 2013 at the hepatitis ambulatory of Chapecó, were compared with those
obtained in the same ambulatory in 1996 and 2006 [20]. While neither the male:female ratio
nor the distribution by ethnic groups varied significantly, a very fast increase was observed
with respect to the mean age at which patients were directed to the ambulatory and notified of
their disease, from 29.9 years in 1996, 34.9 in 2006 and 44.4 in 2011–2013. This rapid increase
likely resulted from the hepatitis B compulsory vaccination campaign initiated in 1994 in Cha-
pecó, which targeted not only babies but also children and adolescents of school age [25], thus

Table 5. Countries of origin of the families of the grandparents of HBV/D infected patients living in
Chapecó, southern Brazil.

Origins of the families n

Italy (4) 43

Italy (3), Brazil (1) 2

Italy (3), Germany (1) 1

Italy (3), Poland (1) 1

Italy (2), Brazil (2) 3

Italy (2), Portugal (2) 1

Italy (2), unknown (2) 2

Italy (2), Germany (1), indigenous (1) 1

Italy (2), Brazil (1), unknown (1) 1

Italy (1), Brazil (3) 1

Italy (1), Portugal (3) 2

Italy (1), Brazil (2), Germany (1) 1

Italy (1), Brazil (2), unknown (1) 1

Italy (1), Brazil (1), unknown (2) 1

Italy (1), Brazil (1), Germany (1), Portugal (1) 1

Italy (1), Brazil (1), Germany (1), unknown (1) 1

Italy (1), unknown (3) 2

Brazil (4) 7

Brazil (3), Portugal (1) 1

Brazil (3), unknown (1) 1

Brazil (2), Germany (2) 1

Brazil (2), unknown (2) 2

Brazil (2), Germany (1), Portugal (1) 1

Brazil (2), Germany (1), indigenous (1) 1

Brazil (2), Germany (1), unknown (1) 1

Brazil (1), Poland (3) 1

Brazil (1), Germany (1), indigenous (1), unknown (1) 1

Germany (4) 1

Total 83

Patients were asked about the countries of origin of their four grandparents families. All four may originate

from the same country or not. Brazil, Brazilian non-indigenous families.

doi:10.1371/journal.pone.0135816.t005
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reducing considerably the proportion of HBV infected young adults (< 35 years old) in the last
two decades.

A low percentage (15.3%) of HBV carriers, whether under treatment or not, showed a viral
load> 2000 IU/mL, consistent with the low proportion (8.4%) of HBeAg positive patients.
Otherwise, 9/161 (5.6%) anti-HBc positive, HBsAg negative subjects (serological pattern typi-
cal of past infection) tested positive for HBV DNA by real time PCR, suggesting the occurrence
of occult B infection [26]. The HBV DNA positivity rate in this group was higher than that
(3.3%) found among candidate blood donors from the same geographic region whose blood
was rejected due to anti-HBc reactivity [17], although the difference was not statistically signifi-
cant (p> 0.05).

HBV isolates have been classified in at least eight genotypes (A–H) and nine main serologi-
cal subtypes (adw2, adw4, ayw1, ayw2, ayw3, ayw4, ayr, adrq+ and adrq-) [9,18]. HBV geno-
type A has been shown to be more sensitive to interferon treatment than HBV/D [27,28], and
interferon has been suggested as first-line therapy in all genotype A patients [12]. Genotyping
of HBV isolates may thus be a valuable tool to support therapeutic decisions, particularly in
countries or regions where both genotypes A and D circulate, and where interferons are con-
sidered as a treatment option, as it is the case in Brazil. On a total of 91 HBV isolates genotyped
in this study, 88 (97%) were from genotype D. Such a high percentage of genotype D is unusual
in South America, where HBV/A (in Brazil) and HBV/F (in the other countries) are the most
prevalent [13,14,23]. This peculiar condition should constitute a strong evidence to guide the
treatment decisions to be taken by the health authorities for patients of Chapecó and surround-
ing region.

Genotype D includes mainly ayw2 and ayw3 isolates, which are predominant in Italy and
other Mediterranean countries. Here, 81/88 HBV/D isolates were predicted to be ayw2 and
ayw3, likely related to isolates circulating in Italy (see below). The ‘w’ sub-determinant could
not be defined for two ayw isolates. Both showed the atypical substitution Ala127 in the small S
protein, previously found in a Russian isolate [29]. Moreover, one of them was associated with
another HBV/D isolate (mixed infection). The remaining five HBV/D isolates were ayw4.
Worldwide, most ayw4 isolates belong to genotype E. To our knowledge, the D/ayw4 isolates
characterized in this study are the first reported so far in South America. However, D/ayw4 iso-
lates have already been described in North Africa [30] and the Middle East [31]. In Brazil,
about eleven million people (5–6% of population) are descendents from Lebanese, Syrian and
other Arab immigrants who arrived in the 19th and 20th centuries. Whether D/ayw4 isolates
were introduced in Brazil through Arab immigration deserves further investigation.

HBV genetic variability has been useful in epidemiological and transmission studies, tracing
human migrations [9,15]. In South America, where genotypes A and F predominate, the three
states of southern Brazil, namely Paraná, Rio Grande do Sul and Santa Catarina, seem to be an
exception. Indeed, high (67–100%) proportions of genotype D have been reported in different
cities of these states [14,32–35]. A recent report has proposed that HBV/A1 strains, predomi-
nant in Brazil, have been brought by the slaves removed from Southeast Africa at the middle of
the 19th century [15]. Complementarily, the present study intended to investigate how HBV/D
was introduced in southern Brazil. In the late nineteenth and early twentieth centuries, large
numbers of European immigrants arrived in southern Brazil. The existence of ‘islands’ of
enhanced HBsAg prevalence (1.5–3% vs. 0.5% countrywide), such as Chapecó [4]. and Caxias
do Sul [5], in a region recently colonized by European immigrants, as well as the fact that geno-
type D is one of the most prevalent in Europe [36–39], may suggest that HBV/D was imported
into South America through that immigration. At this respect, Bertolini and collaborators [40]
have mentioned an elevated HBV prevalence among Brazilian women of Italian and German
descent, and suggested that the high prevalence of HBV/D in the south of Brazil was due to the
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intense migration of settlers from European countries [16]. However, this hypothesis has not
been well documented so far.

In this study, a search for the geographical origins of the surnames of 88 HBV/D infected
patients living in Chapecó, southern Brazil, was performed in an attempt to unveil the origin of
genotype D in Brazil. The use of online family names databases to search for the geographic
origin of viruses is a novelty. In practice, these tools do require neither a large amount of per-
sonal information (only patient family names are necessary) nor purchasing of any package,
since access is free. Taken into consideration the lack of consensus on the HBV evolutionary
rate that makes it difficult to reconstruct the timescale of the HBV origin [11], the method used
in this study of searching for the geographical origins of the virus through human migrations
may constitute a valuable complement to phylogeny and phylogeography studies.

Data obtained by screening of two large databases (MyHeritage and Statue of Liberty-Ellis
Island Foundation) showed that Italy was by far the most common country of birth (or last res-
idence) of the persons having the same surnames as the patients (approximately 50% of the
cases) (Table 4). Moreover, the surnames of 34 (39%) patients were found among the records
of Italian immigrants in Brazil in the Ferrara Cidadania Italiana company database. Notewor-
thy, this number was probably underestimated because (i) only 350,000 of the 1.4 million Ital-
ian people who immigrated in Brazil between 1870 and 1920 [41,42] have been registered in
that database and (ii) many surname transcription mistakes were made both at the entrance of
immigrants and at the time of birth registration of their descendants. Veneto and Lombardy, in
this order, were the regions of Italy where the surnames of the patients appeared to be most dis-
seminated, consistent with historical records of Italian immigration in southern Brazil [24].
Furthermore, when asked about the geographical origins of their grandparents, 52% of the
HBV/D infected patients answered that their four grandparents had an Italian origin, and 78%
had at least one grandparent originating from Italy.

HBV subgenotype D3 has been reported as the most prevalent in Italy [38,43], one of the
few countries where this happens. Although partial sequencing of the viral genome may not be
appropriate to ascertain HBV subgenotypes, it is interesting to note that the majority (60/91)
of HBV isolates from Chapecó were closely related to D3 isolates. Thus, the data set collected
in this study strongly suggested that a large proportion of the HBV/D isolates circulating in
southern Brazil were introduced through the Italian immigration, which culminated between
1870 and 1920. However, as there have been a lot exchanges between Brazil and Europe, it can-
not be excluded that some HBV/D isolates were introduced from other countries.

The prevalence and distribution of the different HBV genotypes in Brazil are largely the
result of settlement. The fact that genotype F is widespread in the indigenous populations of
South America attests to its presence in pre-Columbian times. Logically, the other genotypes
should have been brought by the successive waves of colonization (or deportation in the case of
the slaves). So, HBV/A1 would have been introduced from Southeastern Africa by illegal slave
trafficking in the mid-nineteenth century [15], and HBV/D entered in southern Brazil through
Italian immigration in the late nineteenth and early twentieth centuries (this study). Assuming
that (i) the prevalence of HBsAg carriers was around 3% in the Italian general population in
the pre-vaccination era [44], and (ii) half of the 1.4 million Italians who emigrated to Brazil
between 1870 and 1920 settled in the three states of southern Brazil, the number of HBV
infected Italian people who arrived in Southern Brazil can be estimated to 21,000, i.e. 1.5–2% of
the local population at the time. The fact that the immigrant population concentrated in some
counties could explain the persistence, until now, of ‘islands’ of elevated prevalence.

Three D3 sequences (accession numbers JN688678, KJ647351 and KJ647349), closely
related to Brazilian sequences (Fig 1), were from Argentinian isolates. Italians were by far the
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most numerous immigrants in Argentina during the 19th and 20th centuries. It is therefore
possible that a number of HBV/D isolates circulating in Argentina are also of Italian origin.

Barros and collaborators [45] recently reported proportions of 67% and 28% of genotypes
A1 and D, respectively, among chronically HBV infected patients living in the State of Mara-
nhão, Northeastern Brazil. Among HBV/D isolates, subgenotype D4 was predominant. The
authors suggested that this subgenotype has been introduced in Maranhão by means of the
slave trade during the late 18th century. Further studies are needed to confirm the assumption
that the HBV/D isolates circulating in Brazil came from two different continents (Europe and
Africa).

Acknowledgments
The authors acknowledge the health care workers of the Viral Hepatitis Division of the Munici-
pal Health Department of Chapecó for recruitment of patients and collection of blood samples,
and the patients who kindly agreed to participate of this study. We also thank Dr. Marilene H.
Vainstein for helpful scientific contributions. This work was supported by the research funding
agencies CAPES, FAPERGS, FEPPS and CNPq, the Brazilian Ministry of Health, and the Post-
Graduate Program in Celular and Molecular Biology of the Federal University of Rio Grande
do Sul (PPSUS-FAPERGS/MS/CNPq/SESRS 002/2013, process n° 1257-2551/13-8; PADCT-
FEPPS-05/2010; PNPDS-1959/2009).

Author Contributions
Conceived and designed the experiments: MSNS CC CSG. Performed the experiments: CSG
MLH CC. Analyzed the data: CSG CC CN TGMLRR SAG. Contributed reagents/materials/
analysis tools: MSNS CMDSMLRR. Wrote the paper: CSG CN. Participated in the collection
of samples and obtained clinical data from the patients: CSG AFRM. Carried out the prepara-
tion of the samples: CSG MLH.

References
1. World Health Organization. 2015. Available: http://www.who.int/mediacentre/factsheets/fs204/en/.

2. Brazilian Ministry of Health. Estudo de prevalência de base populacional das infecções pelos vírus das
hepatites A, B e C nas capitais do Brasil. 2010. Available: http://www.aids.gov.br/sites/default/files/
anexos/publicacao/2010/50071/estudo_prevalencia_hepatites_pdf_26830.pdf.

3. Kupek EJ. Residual transfusion risk for hepatitis B and C in southern Brazil, 1991–1999. J Viral Hepat.
2001; 8: 78–82. PMID: 11155155

4. Rosini N, Mousse D, Spada C, Treitinger A. Seroprevalence of HBsAg, Anti-HBc and anti-HCV in
Southern Brazil, 1999–2001. Braz J Infect Dis. 2003; 7: 262–267. PMID: 14533987

5. Menegol D, Spilki FR. Seroprevalence of hepatitis B and C markers at the population level in the munic-
ipality of Caxias do Sul, southern Brazil. Braz J Microbiol. 2013; 44: 1237–1240. doi: 10.1590/S1517-
83822014005000013 PMID: 24688517

6. Kramvis A, Arakawa K, Yu MC, Nogueira R, Stram DO, KewMC. Relationship of serological subtype,
basic core promoter and precore mutations to genotypes/subgenotypes of hepatitis B virus. J Med
Virol. 2008; 80: 27–46. PMID: 18041043

7. Huy TT, Trinh TN, Abe K. New complex recombinant genotype of hepatitis B virus identified in Vietnam.
J Virol. 2008; 82: 5657–5663. doi: 10.1128/JVI.02556-07 PMID: 18353958

8. Tatematsu K, Tanaka Y, Kurbanov F, Sugauchi F, Mano S, Maeshiro T, et al. A genetic variant of hepa-
titis B virus divergent from known human and ape genotypes isolated from a Japanese patient and pro-
visionally assigned to new genotype J. J Virol. 2009; 83: 10538–10547. doi: 10.1128/JVI.00462-09
PMID: 19640977

9. Kramvis A. Genotypes and genetic variability of hepatitis B virus. Intervirology 2014; 57: 141–150. doi:
10.1159/000360947 PMID: 25034481

10. Yousif M, Kramvis A. Genotype D of hepatitis B virus and its subgenotypes: An update. Hepatol Res.
2013 Apr; 43(4):355–64. doi: 10.1111/j.1872-034X.2012.01090.x PMID: 22978460

Hepatitis B Virus Genotype D in Brazil

PLOS ONE | DOI:10.1371/journal.pone.0135816 August 14, 2015 12 / 14

http://www.who.int/mediacentre/factsheets/fs204/en/
http://www.aids.gov.br/sites/default/files/anexos/publicacao/2010/50071/estudo_prevalencia_hepatites_pdf_26830.pdf
http://www.aids.gov.br/sites/default/files/anexos/publicacao/2010/50071/estudo_prevalencia_hepatites_pdf_26830.pdf
http://www.ncbi.nlm.nih.gov/pubmed/11155155
http://www.ncbi.nlm.nih.gov/pubmed/14533987
http://dx.doi.org/10.1590/S1517-83822014005000013
http://dx.doi.org/10.1590/S1517-83822014005000013
http://www.ncbi.nlm.nih.gov/pubmed/24688517
http://www.ncbi.nlm.nih.gov/pubmed/18041043
http://dx.doi.org/10.1128/JVI.02556-07
http://www.ncbi.nlm.nih.gov/pubmed/18353958
http://dx.doi.org/10.1128/JVI.00462-09
http://www.ncbi.nlm.nih.gov/pubmed/19640977
http://dx.doi.org/10.1159/000360947
http://www.ncbi.nlm.nih.gov/pubmed/25034481
http://dx.doi.org/10.1111/j.1872-034X.2012.01090.x
http://www.ncbi.nlm.nih.gov/pubmed/22978460


11. Zehender G, Ebranati E, Gabanelli E, Sorrentino C, Lo Presti A, Tanzi E, et al. Enigmatic origin of hepa-
titis B virus: an ancient travelling companion or a recent encounter?World J Gastroenterol. 2014; 20:
7622–7634. doi: 10.3748/wjg.v20.i24.7622 PMID: 24976700

12. Wiegand J, Hasenclever D, Tillmann HL. Should treatment of hepatitis B depend on hepatitis B virus
genotypes? A hypothesis generated from an explorative analysis of published evidence. Antivir Ther.
2008; 13: 211–220. PMID: 18505172

13. Mello FC, Souto FJ, Nabuco LC, Villela-Nogueira CA, Coelho HS, Franz HC, et al. Hepatitis B virus
genotypes circulating in Brazil: molecular characterization of genotype F isolates. BMCMicrobiol.
2007; 7: 103. PMID: 18036224

14. Alvarado-Mora MV, Pinho JR. Distribution of HBV genotypes in Latin America. Antivir Ther. 2013; 18:
459–465. doi: 10.3851/IMP2599 PMID: 23792558

15. Lago BV, Mello FC, Kramvis A, Niel C, Gomes SA. Hepatitis B virus subgenotype A1: evolutionary rela-
tionships between Brazilian, African and Asian isolates. PLoS One 2014; 9: e105317. doi: 10.1371/
journal.pone.0105317 PMID: 25122004

16. Bertolini DA, Gomes-Gouvêa MS, Guedes de Carvalho-Mello IM, Saraceni CP, Sitnik R, Grazziotin
FG, et al. Hepatitis B virus genotypes from European origin explains the high endemicity found in some
areas from southern Brazil. Infect Genet Evol. 2012; 12: 1295–1304. doi: 10.1016/j.meegid.2012.04.
009 PMID: 22538208

17. Silva CM, Costi C, Costa C, Michelon C, Oravec R, Ramos AB, et al. Low rate of occult hepatitis B virus
infection among anti-HBc positive blood donors living in a low prevalence region in Brazil. J Infect.
2005; 51: 24–29. PMID: 15979486

18. Norder H, Couroucé AM, Magnius LO. Molecular basis of hepatitis B virus serotype variations within
the four major subtypes. J Gen Virol. 1992; 73: 3141–3145. PMID: 1469353

19. Tamura K, Stecher G, Peterson D, Filipski A, Kumar S. MEGA6: Molecular Evolutionary Genetics Anal-
ysis version 6.0. Mol Biol Evol. 2013; 30: 2725–2729. doi: 10.1093/molbev/mst197 PMID: 24132122

20. Nova ML. Estudo epidemiológico, clínico e molecular do vírus da hepatite B na cidade de Chapecó,
Oeste de Santa Catarina. Master´s thesis. Sao Paulo University. São Paulo. 2010. Available: http://
www.teses.usp.br/teses/disponiveis/5/5147/tde-22062010-120502/pt-br.php.

21. Pourkarim MR, Amini-Bavil-Olyaee S, Kurbanov F, Van Ranst M, Tacke F. Molecular identification of
hepatitis B virus genotypes/subgenotypes: revised classification hurdles and updated resolutions.
World J Gastroenterol. 2014; 20: 7152–7168. doi: 10.3748/wjg.v20.i23.7152 PMID: 24966586

22. Shi W, Zhang Z, Ling C, ZhengW, Zhu C, Carr MJ, et al. Hepatitis B virus subgenotyping: history,
effects of recombination, misclassifications, and corrections. Infect Genet Evol. 2013; 16: 355–361. doi:
10.1016/j.meegid.2013.03.021 PMID: 23538336

23. Araujo NM, Mello FC, Yoshida CF, Niel C, Gomes SA. High proportion of subgroup A' (genotype A)
among Brazilian isolates of hepatitis B virus. Arch Virol. 2004; 149: 1383–1395. PMID: 15221538

24. Trento A. Do outro lado do Atlântico. Um século de imigração italiana no Brasil. 1989. Ed. Nobel. São
Paulo.

25. Scaraveli NG. Prevalência dos marcadores das hepatites B e C em adolescentes de Chapecó. Master
´s thesis. Federal University of Santa Catarina. Florianópolis. 2009. Available: https://repositorio.ufsc.
br/bitstream/handle/123456789/92224/263946.pdf?sequence=1.

26. Raimondo G, Allain JP, Brunetto MR, Buendia MA, Chen DS, ColomboM, et al. Statements from the
Taormina expert meeting on occult hepatitis B virus infection. J Hepatol. 2008; 49: 652–657. doi: 10.
1016/j.jhep.2008.07.014 PMID: 18715666

27. Erhardt A, Blondin D, Hauck K, Sagir A, Kohnle T, Heintges T, et al. Response to interferon alfa is hepa-
titis B virus genotype dependent: genotype A is more sensitive to interferon than genotype D. Gut 2005;
54: 1009–1013. PMID: 15951551

28. Zhang Y, Wu Y, Ye S, Wang T, Zhao R, Chen F, et al. The response to interferon is influenced by hepa-
titis B virus genotype in vitro and in vivo. Virus Res. 2013; 171: 65–70. doi: 10.1016/j.virusres.2012.10.
027 PMID: 23123214

29. Tallo T, Norder H, Tefanova V, Krispin T, Priimägi L, Mukomolov S, et al. Hepatitis B virus genotype D
strains from Estonia share sequence similarity with strains from Siberia and may specify ayw4. J Med
Virol. 2004; 74: 221–227. PMID: 15332270

30. Kitab B, El Feydi AE, Afifi R, Derdabi O, Cherradi Y, Benazzouz M, et al. Hepatitis B genotypes/subge-
notypes and MHR variants among Moroccan chronic carriers. J Infect. 2011; 63: 66–75. doi: 10.1016/j.
jinf.2011.05.007 PMID: 21640384

31. Mohebbi SR, Amini-Bavil-Olyaee S, Zali N, Damavand B, Azimzadeh P, Derakhshan F, et al. Charac-
terization of hepatitis B virus genome variability in Iranian patients with chronic infection, a nationwide
study. J Med Virol. 2012; 84: 414–423. doi: 10.1002/jmv.23200 PMID: 22246826

Hepatitis B Virus Genotype D in Brazil

PLOS ONE | DOI:10.1371/journal.pone.0135816 August 14, 2015 13 / 14

http://dx.doi.org/10.3748/wjg.v20.i24.7622
http://www.ncbi.nlm.nih.gov/pubmed/24976700
http://www.ncbi.nlm.nih.gov/pubmed/18505172
http://www.ncbi.nlm.nih.gov/pubmed/18036224
http://dx.doi.org/10.3851/IMP2599
http://www.ncbi.nlm.nih.gov/pubmed/23792558
http://dx.doi.org/10.1371/journal.pone.0105317
http://dx.doi.org/10.1371/journal.pone.0105317
http://www.ncbi.nlm.nih.gov/pubmed/25122004
http://dx.doi.org/10.1016/j.meegid.2012.04.009
http://dx.doi.org/10.1016/j.meegid.2012.04.009
http://www.ncbi.nlm.nih.gov/pubmed/22538208
http://www.ncbi.nlm.nih.gov/pubmed/15979486
http://www.ncbi.nlm.nih.gov/pubmed/1469353
http://dx.doi.org/10.1093/molbev/mst197
http://www.ncbi.nlm.nih.gov/pubmed/24132122
http://www.teses.usp.br/teses/disponiveis/5/5147/tde-22062010-120502/pt-br.php
http://www.teses.usp.br/teses/disponiveis/5/5147/tde-22062010-120502/pt-br.php
http://dx.doi.org/10.3748/wjg.v20.i23.7152
http://www.ncbi.nlm.nih.gov/pubmed/24966586
http://dx.doi.org/10.1016/j.meegid.2013.03.021
http://www.ncbi.nlm.nih.gov/pubmed/23538336
http://www.ncbi.nlm.nih.gov/pubmed/15221538
https://repositorio.ufsc.br/bitstream/handle/123456789/92224/263946.pdf?sequence=1
https://repositorio.ufsc.br/bitstream/handle/123456789/92224/263946.pdf?sequence=1
http://dx.doi.org/10.1016/j.jhep.2008.07.014
http://dx.doi.org/10.1016/j.jhep.2008.07.014
http://www.ncbi.nlm.nih.gov/pubmed/18715666
http://www.ncbi.nlm.nih.gov/pubmed/15951551
http://dx.doi.org/10.1016/j.virusres.2012.10.027
http://dx.doi.org/10.1016/j.virusres.2012.10.027
http://www.ncbi.nlm.nih.gov/pubmed/23123214
http://www.ncbi.nlm.nih.gov/pubmed/15332270
http://dx.doi.org/10.1016/j.jinf.2011.05.007
http://dx.doi.org/10.1016/j.jinf.2011.05.007
http://www.ncbi.nlm.nih.gov/pubmed/21640384
http://dx.doi.org/10.1002/jmv.23200
http://www.ncbi.nlm.nih.gov/pubmed/22246826


32. Becker CE, Mattos AA, Bogo MR, Branco F, Sitnik R, Kretzmann NA. Genotyping of hepatitis B virus in
a cohort of patients evaluated in a hospital of Porto Alegre, South of Brazil. Arq Gastroenterol. 2010;
47: 13–17. PMID: 20520969

33. Reis LM, Soares MA, França PH, Soares EA, Bonvicino CR. Clonal analysis of hepatitis B viruses
among blood donors from Joinville, Brazil: evidence of dual infections, intragenotype recombination
and markers of risk for hepatocellular carcinoma. J Med Virol. 2011; 83: 2103–2112. doi: 10.1002/jmv.
22246 PMID: 22012717

34. de Mello FM, Kuniyoshi AS, Lopes AF, Gomes-Gouvêa MS, Bertolini DA. Hepatitis B virus genotypes
and mutations in the basal core promoter and pre-core/core in chronically infected patients in southern
Brazil: a cross-sectional study of HBV genotypes and mutations in chronic carriers. Rev Soc Bras Med
Trop. 2014; 47: 701–708. doi: 10.1590/0037-8682-0158-2014 PMID: 25626648

35. Carrilho FJ, Moraes CR, Pinho JR, Mello IM, Bertolini DA, Lemos MF, et al. Hepatitis B virus infection in
haemodialysis centres from Santa Catarina State, Southern Brazil. Predictive risk factors for infection
and molecular epidemiology. BMC Public Health 2004; 4: 13. PMID: 15113436

36. Dal Molin G, Poli A, Crocè LS, D'Agaro P, Biagi C, Comar M, et al. Hepatitis B virus genotypes, core
promoter variants, and precore stop codon variants in patients infected chronically in North-Eastern
Italy. J Med Virol. 2006; 78: 734–740. PMID: 16628589

37. Deterding K, Constantinescu I, Nedelcu FD, Gervain J, Nemecek V, Srtunecky O, et al. Prevalence of
HBV genotypes in Central and Eastern Europe. J Med Virol. 2008; 80: 1707–1711. doi: 10.1002/jmv.
21294 PMID: 18712830

38. Sagnelli C, Ciccozzi M, Pisaturo M, Zehender G, Lo Presti A, Alessio L, et al. Molecular epidemiology of
hepatitis B virus genotypes circulating in acute hepatitis B patients in the Campania region. J Med Virol.
2014; 86: 1683–1693. doi: 10.1002/jmv.24005 PMID: 24980631

39. Servant-Delmas A, Mercier M, El Ghouzzi MH, Girault A, Bouchardeau F, Pillonel J, et al. National sur-
vey of hepatitis B virus (HBV) polymorphism in asymptomatic HBV blood donors from 1999 to 2007 in
France. Transfusion 2010; 50: 2607–2618. doi: 10.1111/j.1537-2995.2010.02725.x PMID: 20553432

40. Bertolini DA, Pinho JR, Saraceni CP, Moreira RC, Granato CF, Carrilho FJ. Prevalence of serological
markers of hepatitis B virus in pregnant women from Paraná State, Brazil. Braz. J Med Biol Res. 2006;
39: 1083–1090. PMID: 16906283

41. IBGE. Instituto Brasileiro de Geografia e Estatística. Brasil: 500 anos de povoamento. Rio de Janeiro.
2000. Available: http://cod.ibge.gov.br/20Y51.

42. Levy MS. O papel da migração internacional na evolução da população brasileira (1872 a 1972). Rev
Saude Publica 1974; 8 (Suppl): 49–90.

43. DeMaddalena C, Giambelli C, Tanzi E, Colzani D, Schiavini M, Milazzo L, et al. High level of genetic
heterogeneity in S and P genes of genotype D hepatitis B virus. Virology 2007; 365: 113–124. PMID:
17451771

44. Sagnelli E, Sagnelli C, Pisaturo M, Macera M, Coppola N. Epidemiology of acute and chronic hepatitis
B and delta over the last 5 decades in Italy. World J Gastroenterol. 2014; 20: 7635–7643. doi: 10.3748/
wjg.v20.i24.7635 PMID: 24976701

45. Barros LM, Gomes-Gouvêa MS, Kramvis A, Mendes-Corrêa MC, dos Santos A, Souza LA, et al. High
prevalence of hepatitis B virus subgenotypes A1 and D4 in Maranhão state, Northeast Brazil. Infect
Genet Evol. 2014; 24: 68–75. doi: 10.1016/j.meegid.2014.03.007 PMID: 24642137

Hepatitis B Virus Genotype D in Brazil

PLOS ONE | DOI:10.1371/journal.pone.0135816 August 14, 2015 14 / 14

http://www.ncbi.nlm.nih.gov/pubmed/20520969
http://dx.doi.org/10.1002/jmv.22246
http://dx.doi.org/10.1002/jmv.22246
http://www.ncbi.nlm.nih.gov/pubmed/22012717
http://dx.doi.org/10.1590/0037-8682-0158-2014
http://www.ncbi.nlm.nih.gov/pubmed/25626648
http://www.ncbi.nlm.nih.gov/pubmed/15113436
http://www.ncbi.nlm.nih.gov/pubmed/16628589
http://dx.doi.org/10.1002/jmv.21294
http://dx.doi.org/10.1002/jmv.21294
http://www.ncbi.nlm.nih.gov/pubmed/18712830
http://dx.doi.org/10.1002/jmv.24005
http://www.ncbi.nlm.nih.gov/pubmed/24980631
http://dx.doi.org/10.1111/j.1537-2995.2010.02725.x
http://www.ncbi.nlm.nih.gov/pubmed/20553432
http://www.ncbi.nlm.nih.gov/pubmed/16906283
http://cod.ibge.gov.br/20Y51
http://www.ncbi.nlm.nih.gov/pubmed/17451771
http://dx.doi.org/10.3748/wjg.v20.i24.7635
http://dx.doi.org/10.3748/wjg.v20.i24.7635
http://www.ncbi.nlm.nih.gov/pubmed/24976701
http://dx.doi.org/10.1016/j.meegid.2014.03.007
http://www.ncbi.nlm.nih.gov/pubmed/24642137

