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RESUMO 

Alvarado-Mora, MV. Estudos sobre infecções pelos vírus das Hepatite B 
(HBV), Hepatite C (HCV), Hepatite Delta (HDV) e vírus GB-C (GBV-C) em 
diferentes regiões da América do Sul. [Tese]. São Paulo: Faculdade de 
Medicina, Universidade de São Paulo; 2011. 

Descritores: Hepatite B, Hepatite C, Vírus Delta da hepatite (HDV), vírus 
GB-C, Epidemiologia, Doadores de Sangue, população indígena, Colômbia, 
Brasil, Chile. 

As hepatites virais estão entre as mais importantes pandemias mundiais da 
atualidade. Existem várias causas de hepatite, entre elas, o vírus da 
hepatite B (HBV), o vírus da hepatite C (HCV) e o vírus da Hepatite Delta 
(HDV). Da mesma forma, o vírus GB-C (GBV-C) é importante na co-
infecção com outros vírus, como o HIV. Nesse estudo, várias regiões da 
América do Sul foram analisadas. Na Colômbia, os estados do Amazonas e 
Magdalena foram encontradas como regiões hiperendêmicas para HBV. O 
genótipo F3 (75%) foi o mais prevalente. Determinou-se que o subgenótipo 
F3 é o mais antigo dos subgenótipos F. No estado de Chocó, encontrou-se 
o subgenótipo A1 (52,1%) como o mais prevalente. Surpreendentemente, 
nesse mesmo estado foram encontrados nove casos autóctones de infecção 
pelo genótipo E (39,1%). Para o HCV, em Bogotá, encontrou-se o subtipo 
1b (82,8%) como o mais prevalente. Da mesma forma, estimou-se que esse 
subtipo foi introduzido por volta de 1950 e se propagou exponencialmente 
entre 1970 a 1990. O HDV foi identificado em casos de hepatite fulminante 
do estado de Amazonas, todos classificados como genótipo 3. Se 
determinou que o HDV/3 se espalhou exponencialmente a partir de 1950 a 
1970 na América do Sul e depois desta época, esta infecção deixou de 
aumentar, provavelmente devido a introdução de vacinação contra o HBV. 
GBV-C foi procurado em doadores de sangue colombianos infectados com 
HCV e/ou HBV de Bogotá e em povos indígenas com infecção pelo HBV no 
Amazonas. A análise filogenética revelou a presença do genótipo 2a como o 
mais prevalente entre os doadores de sangue e o 3 nos povos indígenas 
estudados. A presença do genótipo 3 na população indígena foi 
previamente relatada na região de Santa Marta, na Colômbia e nos povos 
indígenas da Venezuela e da Bolívia. No Chile, foi realizado um estudo com 
21 pacientes cronicamente infectados pelo HBV sem tratamento antiviral 
prévio. Todas as sequências obtidas eram do subgenótipo F1b e se 
agrupavam em quatro diferentes grupos, sugerindo que diferentes linhagens 
desse subgenótipo estão circulando no Chile. No Brasil, no estado de 
Rondônia, para o HCV, encontramos o subtipo 1b (50,0%) como o mais 
frequente. Esse foi o primeiro relato sobre os genótipos do HCV neste 
estado. Para o HBV, o subgenótipo A1 (37,0%) foi o mais frequente. Os 
resultados do estado de Rondônia são consistentes com outros estudos no 
Brasil, mostrando a presença de vários genótipos do HBV, refletindo a 
origem mista da população Brasileira. Estudando o estado do Maranhão, 
avaliamos a frequência da infecção pelo HBV e seus genótipos. Foram 



encontradas 4 sequencias genótipo A1 que agruparam com outras 
sequências reportadas do Brasil. Em outro estudo, caracterizamos os 
subgenótipos do HBV em 68 pacientes com hepatite crônica B em 
Pernambuco, encontrando 78,7% de presença do subgenótipo A1. 
Finalmente, em um estudo realizado com amostras da cidade de São Paulo, 
encontramos um caso de HBV genótipo C em um brasileiro nativo, sendo 
essa a primeira sequência completa do genoma de HBV/C2 notificados no 
Brasil.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



ABSTRACT 

 

Alvarado-Mora, MV. Studies on viral infections by Hepatitis B virus (HBV), 
Hepatitis C virus (HCV), Hepatitis Delta virus (HDV) and GB virus C (GBV-C) 
in different regions of South America. [Thesis]. São Paulo: School of 
Medicine, University of São Paulo, 2011. 

Keywords: Hepatitis B, Hepatitis C, Hepatitis Delta Virus (HDV), GB virus C, 
Epidemiology, Blood Donors, indigenous, Colombia, Brazil, Chile. 

Viral hepatitis are among the major pandemics in the world nowadays. There 
are many causes of hepatitis, including hepatitis B virus (HBV), hepatitis C 
virus (HCV) and hepatitis delta virus (HDV). Similarly, GB virus C (GBV-C) is 
a relevant agent in co-infection with HIV. In this study, several regions of 
South America were studied. In Colombia, the states of Amazonas and 
Magdalena were identified as highly endemic areas for HBV. Genotype F3 
(75%) was the most prevalent. It was determined that subgenotype F3 is the 
oldest among all F subgenotypes. In the state of Chocó, subgenotype A1 
(52.1%) was the most prevalent. Surprisingly, nine indigenous cases of 
infection by genotype E (39.1%) were found in this state. For HCV, in 
Bogotá, subtype 1b (82.8%) was the most frequent. Likewise, it was 
estimated that this subtype was introduced around 1950 and spread 
exponentially from 1970 to 1990. HDV has been identified in cases of 
fulminant hepatitis in the state of Amazonas, all of them classified as 
genotype 3. It was determined that the HDV/3 spread exponentially from 
1950 to 1970 in South America and after this time, this infection stopped to 
increase, probably due to introduction of vaccination against HBV. GBV-C 
was sought in Colombian blood donors infected with HCV and/or HBV in 
Bogotá and indigenous peoples with HBV infection in the Amazon. The 
phylogenetic analysis revealed the presence of genotype 3 as the most 
prevalent among blood donors and in three studied indigenous people. The 
presence of genotype 3 in the indigenous population has been previously 
reported in the region of Santa Marta, Colombia, and in the indigenous 
peoples of Venezuela and Bolivia. In Chile, a study was carried out with 21 
patients chronically infected with HBV without any prior antiviral treatment. 
All sequences obtained belonged to subgenotype F1b and clustered into four 
different groups, suggesting that different strains that are circulating in Chile. 
In Brazil, the state of Rondônia, we found HCV subtype 1b (50.0%) as the 
most frequent. This was the first report on HCV genotypes in this state. For 
HBV, subgenotype A1 (37.0%) was the most frequent. The results of the 
state of Rondônia are consistent with other studies carried out in Brazil, 
showing the presence of several HBV genotypes, reflecting the mixed origin 
of the Brazilian population. Studying the state of Maranhão, we evaluated 
the frequency of HBV infection and its genotypes and we found 4 genotype 
A1 sequences that grouped with other sequences reported in Brazil. In 
another study, we characterized HBV subgenotypes in 68 patients with 
chronic hepatitis B in Pernambuco and we found subgenotype A1 in 78.7% 



cases. Finally, in a study of samples from São Paulo, we found a case of 
HBV genotype C in a native Brazilian patient and this is the first complete 
genome sequence of HBV/C2 reported in Brazil. 

 

	  



	  

	  

1	  

	  	  

SUMÁRIO 

1. INTRODUÇÃO ............................................................................................2 

2. OBJETIVOS ............................................................................................... 7 

3. CAPÍTULO 1 -  O VÍRUS DA HEPATITE B NA AMÉRICA DO SUL ........9 

4. CAPÍTULO 2 - O VÍRUS DA HEPATITE C NA AMÉRICA DO SUL ........33 

5. CAPÍTULO 3 - O VÍRUS DA HEPATITE DELTA NA REGIÃO  

AMAZÔNICA–AMÉRICA DO SUL ...............................................................47 

6. CAPÍTULO 4 - O VÍRUS GB-C (GBV-C) NA COLÔMBIA ......................58 

7. ANEXO 1 ..................................................................................................70 

 

 

 

 

 

 

 

 



	  

	  

2	  

	  	  

 

1. INTRODUÇÃO 

As interações entre os vírus e os seres humanos levam a diferentes 

patologias, com variados graus de gravidade, que se apresentam na forma de 

infecções agudas ou crônicas. Aqueles patógenos que provavelmente 

interagem com o ser humano há muito tempo, tendem a originar infecções 

crônicas de evolução lenta, que podem evoluir ou não após muitos anos de 

infecção para formas mais graves da doença, associadas a debilitações 

importantes de funções orgânicas ou mesmo com carcinogênese. 

O estudo de agentes virais com estas características, através da 

detecção de sua presença e caracterização de seus variantes genéticos em 

diferentes grupos populacionais, permite que se possa adotar medidas efetivas 

para o controle destas infecções, não só pelo conhecimento dos mecanismos 

de transmissão, como também pela indicação do tratamento antiviral mais 

adequado para os pacientes infectados. Além disso, estudos detalhados das 

características das populações virais em diferentes regiões do mundo, através 

da avaliação da diversidade genética viral pela análise das diferentes 

sequências nucleotídicas obtidas, tornam possível inferir a dinâmica da 

expansão da infecção viral nos diferentes grupos populacionais. 

As hepatites virais estão entre as mais importantes infecções mundiais 

na atualidade. Existem várias causas de hepatite, sendo as mais frequentes 
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aquelas causadas pelos vírus da Hepatite A (HAV), Hepatite B (HBV), Hepatite 

C (HCV), Hepatite Delta (HDV) e Hepatite E (HEV). O vírus da Hepatite G ou 

vírus GB-C (GBV-C) foi descrito inicialmente como um agente envolvido com 

hepatites virais, mas esta relação etiológica não se sustentou. Entre os cinco 

agentes infecciosos causadores de hepatites; HBV, HCV e HDV, podem 

persistir após a infecção aguda e causar infecções crônicas, que podem levar a 

doença grave do fígado, como hepatite crônica, cirrose hepática e carcinoma 

hepatocelular.  

Um outro aspecto importante do comportamento epidemiológico dos 

vírus causadores de doença hepática crônica é a tendência de alguns desses 

agentes se estabelecerem em alguns grupos populacionais devido a fatores 

geográficos, sociais ou culturais. 

Nossos estudos envolveram principalmente a Colômbia, país do qual 

foram obtidas amostras de diferentes localidades. Este foi o foco principal 

desse trabalho, pois haviam poucos dados publicados sobre estes vírus neste 

país e que desperta também grande interesse por este estar localizado na 

extremidade norte do continente sul americano, por onde, obrigatoriamente, as 

primeiras populações humanas tiveram que passar para o povoamento da 

América do Sul a partir da América do Norte há pelo menos 10.000 anos atrás. 

A Colômbia, oficialmente República da Colômbia, é uma república 

constitucional do noroeste da América do Sul. Este país faz fronteira à leste 

com Venezuela e Brasil; ao sul, com o Equador e Peru; à norte, com o Mar do 
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Caribe; ao noroeste, com o Panamá; e a oeste, com o Oceano Pacífico. Com 

uma população de mais de 45 milhões de habitantes, tem a 29ª maior 

população do mundo e a 2a maior da América do Sul, após o Brasil. Da mesma 

forma, tem a 4a maior população de língua espanhola no mundo, depois do 

México, EUA e Espanha. 

A Colômbia é etnicamente diversa e a interação entre os descendentes 

da população nativa indígenas com colonos espanhóis, com africanos trazidos 

como escravos entre os séculos XVI e XIX, e com imigrantes da Europa e do 

Oriente Médio durante o século XX, produziu uma população particular com 

características próprias. As condições de saúde na Colômbia têm melhorado 

muito desde a década de 1980. Uma reforma em 1993 transformou a estrutura 

do financiamento da saúde pública. Como resultado, os empregados pagam 

planos de saúde aos quais os empregadores também contribuem. Embora este 

sistema tenha ampliado a cobertura da população pelo sistema de segurança 

social e de saúde de 21% (pré-1993) para 56% em 2004 e 66% em 2005, 

persistem disparidades de saúde e a população mais pobre apresenta taxas de 

morbidade e mortalidade mais elevadas. 

Quanto às pesquisas sobre os vírus das hepatites, até a presente data, 

existem poucos estudos realizados. Alguns estudos demonstram que o HBV é 

endêmico nas regiões de Santa Marta e Amazonas, causando vários casos 

graves de hepatite fulminante, com elevada mortalidade. Da mesma forma, a 

cobertura dos doadores de sangue com anti-HCV nos bancos de sangue vem 
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aumentando desde o começo dos anos 90, mas poucos estudos têm avaliado a 

prevalência destes agentes virais causadores de hepatites na população 

colombiana. 

Os estudos realizados no presente compêndio abrangeram também 

outros países da América do Sul, no qual nos concentramos apenas nas 

hepatites virais B e C. No Brasil, foram realizados em três estados: 1) 

Rondônia, na região Norte do país, complementando outros estudos de nosso 

grupo realizados no estado do Amazonas, por ser um estado com fronteiras 

com países de colonização espanhola; 2) Maranhão, na região Nordeste, que 

foi estudado por ser um estado com uma importante população de origem 

africana, em semelhança ao estado de Quibdó, na Colômbia; 3) Pernambuco, 

no extremo leste do continente, onde foi possível verificar a presença dos 

genótipos do HBV e comparar com os descritos nas outras regiões. 

Ademais, tivemos a oportunidade de estudar o Chile, outro país de 

colonização espanhola, no extremo sul de nosso continente, mas que guarda 

com a Colômbia muitas semelhanças, não só em termos de sua história, como 

também pelo fato de ser outro país onde já se descrevia o predomínio do 

genótipo F da hepatite B, que é o genótipo mais frequentemente encontrado 

em outros países latino-americanos de língua espanhola já estudados, desde o 

México até a Argentina. 

Finalmente, foi realizado um estudo em uma população de pacientes 

com hepatite B acompanhados na cidade de São Paulo, no qual encontramos 
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pela primeira vez no Brasil um caso de genótipo C em uma paciente de origem 

ocidental que havia morado no Japão. 
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OBJETIVOS 

 

O objetivo deste estudo é relatar as frequências das infecções por HBV, 

HCV e HDV em várias regiões da Colômbia, assim como caracterizar os 

genótipos circulantes no país e avaliar a dinâmica das infecções virais nas 

populações onde são encontrados.  

Além disso, considerando o trabalho dispendido durante a coleta das 

amostras, realizamos vários estudos em paralelo com o vírus GB-C nas 

amostras previamente positivas para HBV e HCV.  

Através de outras colaborações com grupos do Brasil e Chile, foi 

possível aplicar as mesmas metodologias desenvolvidas para o trabalho com a 

Colômbia em outros trabalhos de caracterização dos vírus das hepatites de 

transmissão parenteral em outras regiões. Estes estudos foram importantes 

para a determinação do perfil epidemiológico destas infecções nestas regiões, 

em especial quanto aos genótipos virais encontrados e para estudos da 

dinâmica do espalhamento destas infecções virais pelo continente sul-

americano. 

Sendo assim, com este projeto foram publicados 11 trabalhos em 

revistas de impacto, e mais de 25 resumos já foram apresentados em vários 

eventos nacionais e internacionais. Dessa forma, quatro capítulos estão sendo 

apresentados nesse texto evidenciando as principais conclusões dos trabalhos 

realizados e em cada capitulo estão anexados os respectivos trabalhos 

publicados. Finalmente, foi obtida a aprovação pela Pós-graduação da 
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Faculdade de Medicina da USP da apresentação desta tese como um 

compêndio dos trabalhos publicados (Anexo 1).  
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CAPÍTULO 1 : O VÍRUS DA HEPATITE B NA AMÉRICA DO SUL 

 

1.1. Características gerais do vírus da hepatite B 

 

O vírus da hepatite B (HBV) está classificado na família Hepadnaviridae, 

gênero Orthohepadnavírus. Apresenta tropismo preferencial pelo fígado e se 

caracteriza por ser um vírus de DNA circular de dupla fita parcial, que se replica 

através de um RNA intermediário mediante transcrição reversa. A partícula viral 

apresenta 42 nm de diâmetro e possui um envelope constituído por proteínas 

de superfície: grande (L), média (M) e pequena (HBsAg) (Schaefer et al., 2007). 

O HBV é transmitido através do contato com secreções corporais 

infectadas. Embora o sangue seja o veículo mais importante para a 

transmissão, outros fluidos também possuem relação com a infecção, como o 

sêmen e saliva. Atualmente, três modos de transmissão de HBV estão 

reconhecidos: (i) vertical, (ii) sexual e (iii) parenteral/percutânea (Hou et al., 

2005). Acredita-se que outras formas de transmissão, como a horizontal, 

causada por contatos próximos, mas não sexuais, devem ter seu papel  na  

elevada frequência desta infecção. 

A prevalência do HBV e seus padrões de transmissão variam nas 

diferentes partes do mundo, já que dependem da taxa de infecção crônica, da 

proporção de pessoas com o vírus em replicação ativa e da via de transmissão 

predominante em cada região (Mahoney, 1999). Em função dessas 
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características, as populações no mundo foram classificadas em três grupos de 

acordo com a prevalência do antígeno de superfície (HBsAg) do HBV:  alta 

(>8%), intermediária (2-8%) e baixa (<2%).  

O genoma do HBV é constituído por um DNA com cerca de 3200 pb 

(pares de bases), circular, com uma fita parcialmente dupla apresentando uma 

região de fita simples com tamanho variável (Sánchez et al., 2007). O genoma 

apresenta 4 fases de leitura aberta que se sobrepõem entre si: Pré-S / S, Pré-

Core / Core, Polimerase e X. A região Pré -S / S codifica as proteínas do 

envelope viral, sendo que a tradução das regiões Pré-S1, Pré-S2 e S formam a 

proteína grande (“L”); a proteína média (“M”) deriva da tradução das regiões 

Pré-S2 e S; e a proteína pequena, conhecida também como HBsAg, forma-se a 

partir da tradução da região “S”. Esta é a principal proteína do envelope, que 

possui o epitopo “a”, contra o qual são dirigidos os anticorpos neutralizantes 

anti-HBs (Sánchez et al., 2007). 

O gene C codifica a proteína do nucleocapsídeo viral, de 

aproximadamente 21 kDa, o HBcAg. Esta proteína é formada por 183 

aminoácidos, e várias subunidades desta proteína agregam-se formando o 

capsídeo, que tem a função de empacotar o RNA pré-genômico (RNApg) e a 

polimerase viral (Tiollais et al., 1981; Crowther et al., 1994; Sanchez et al., 

2007). O antígeno “e” (HBeAg) é uma forma modificada desta proteína, com 

peso molecular de 17 kDa, formado quando a tradução se inicia na região Pré – 

Core. Sua sequência corresponde à proteína do capsídeo com a adição de 29 
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aminoácidos provenientes da região Pré - C na extremidade amino, que sofre 

posterior hidrólise nas extremidades amina e carboxila, resultando na secreção 

do HBeAg, com um peso molecular de 15 a 18 kDa. O HBeAg não é essencial 

para o vírus, pois existem mutantes viáveis que não produzem esta proteína 

(Brunetto et al., 1999). 

A terceira fase de leitura aberta é a maior região do genoma viral, 

contém 2.436 nucleotídeos e codifica a polimerase viral. Esta proteína possui 4 

domínios: proteína terminal, que se liga à extremidade 5´ do genoma viral 

durante a replicação; espaçador; DNA polimerase; e RNAse H. A determinação 

da sequência nucleotídica dos diferentes domínios da DNA polimerase permite 

avaliar a resistência do HBV às drogas antivirais. 

Por último, a quarta fase de leitura aberta é o gene X, que possui 1386 

pb. Este gene codifica a proteína X, que pode se ligar ao DNA e ativar 

promotores celulares (Koike et al., 1995; Sanchez et al., 2007). 

O HBV, apesar de possuir DNA como ácido nucléico, utiliza a transcrição 

reversa para propagar seu genoma, mas a integração do ácido nucléico viral 

dentro do genoma da célula hospedeira não é obrigatória. A maneira exata pela 

qual os vírus entram na célula é desconhecida. Após a ligação com receptores 

celulares, ocorre a fusão da partícula viral com a membrana celular e 

penetração do nucleocapsídeo na célula, que transporta o DNA viral até o 

núcleo. No núcleo, ocorre a síntese completa da fita positiva e o DNA viral é 
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convertido em uma molécula de DNA circular covalentemente fechada (cccDNA 

- do inglês “covalently closed circular DNA”). 

Muitas cópias deste cccDNA são sintetizadas através de um ciclo viral 

intracelular para servir como molde de RNA mensageiro pré-genômico e 

subgenômico.  No núcleo da célula, ocorre a síntese de RNAs mensageiros 

destinados à tradução, os quais sintetizam as proteínas estruturais e não 

estruturais, entre as quais se encontra a polimerase com função de 

transcriptase reversa, que desencadeia a formação do DNA viral a partir das 

moléculas de RNA pré - genômico. Estes mRNAs saem pelos poros nucleares 

e, no citoplasma, ocorre a tradução de proteínas por parte de ribossomos 

celulares que sintetizam proteínas centrais dos vírus e a polimerase do HBV 

(Liang T, 2009). 

O RNA pré - genômico e a polimerase viral são seletivamente 

englobados no citoplasma por nucleocapsídeos nascentes formados pelas 

proteínas do core. Os nucleocapsídeos virais montados são envelopados e as 

partículas virais completas são exportadas por vesículas transportadoras para 

fora da célula. Como as proteínas do envelope são produzidas em grande 

quantidade, ocorre a formação de partículas virais vazias (sem ácido nucléico), 

constituídas apenas por essas proteínas. 

Para a manutenção da infecção, alguns nucleocapsídeos não são 

envelopados e exportados, mas reiniciam o ciclo de replicação. O DNA 

genômico replicado é redirecionado para o núcleo com o objetivo de aumentar e 
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manter o reservatório de moléculas de cccDNA na célula, sem haver 

necessidade de re-infecção. Algumas moléculas de HBV DNA podem ser 

integradas ao DNA dos hepatócitos, porém essa integração não é um passo 

essencial no ciclo de vida do vírus (Nassal, 1999). 

 

1.2 Epidemiologia do HBV na Colômbia 

Em torno de dois bilhões de pessoas estão infectadas com o vírus da 

Hepatite B (HBV) e aproximadamente 350 milhões de pessoas são portadoras 

crônicas dessa doença no mundo. Cerca de 15 - 40% do pacientes infectados 

pelo HBV no mundo irão desenvolver cirrose, insuficiência hepática, ou 

carcinoma hepatocelular (CHC) (Lok et al., 2002). A infecção pelo HBV 

apresenta de 500.000 a 1,2 milhões de mortes a cada ano, sendo a décima 

principal causa de morte no mundo (Mahoney, 1999). A incidência do 

carcinoma hepatocelular vem aumentando e causando a morte de 300.000 a 

500.000 pessoas a cada ano. 

Na América Latina, existem em torno de 400.000 mil novos casos por 

ano sendo que destes, 10 a 70% desenvolvem carcinoma hepatocelular (CHC) 

(Lavanchy, 2004; Fay, 1990). Dados epidemiológicos sugerem que 7 a 12 

milhões de latino-americanos estão infectados com o HBV. As vias de 

transmissão na América do Sul e Central são altamente variáveis. A maior 

prevalência foi relatada para grupos de pessoas com 20 a 40 anos de idade, 
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suportando a transmissão horizontal entre adultos como a rota mais comum de 

infecção. Além disso, algumas práticas culturais, tais como a tatuagem, 

também contribuem para o risco de infecção (Te & Jensen, 2010). Na América 

Latina, os países que reportam baixa prevalência incluem Bahamas, Barbados, 

Cuba, Jamaica,  Trinidad e Tobago, Costa Rica, El Salvador, Nicarágua, 

Panamá, México, Argentina, Bolívia, Brasil, Chile, Equador, Paraguai e 

Uruguai.  Entre os países com prevalência intermediária (2 a 8%) encontram-se 

Haiti, República Dominicana, Guatemala, Honduras, Brasil, Colômbia, 

Venezuela. As regiões com alta prevalência (>8%) são encontradas na Bacia 

Amazônica, em partes do norte do Brasil, Colômbia, Peru e Venezuela, onde 

se estima que mais de 30% dos portadores na América do Sul, estejam 

localizados (Tanaka, 2000). 

 Na Colômbia, existem poucos estudos epidemiológicos sobre os vírus 

das hepatites. Existem cinco áreas na Colômbia nas quais mais de 70% da 

população apresenta sinais de infecção pelo HBV: costa do Caribe, Golfo 

Urabá, costa do Pacífico, Bacia Amazônica e na fronteira com a Venezuela. 

Um primeiro estudo epidemiológico realizado em 1980, relatou prevalência de 

HBsAg de 3% a 8% em diferentes grupos etários. A partir desses achados 

estimou-se que existam 600.000 portadores do HBV e quatro milhões pessoas 

que tiveram contato com o HBV na Colômbia (Buitrago et al., 1986a; Buitrago 

et al., 1986b; Martinez et al.,1991), o qual classificou a Colômbia inicialmente 

dentro do grupo de países com prevalência elevada para o HBV. 
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Em 2007, foi realizada uma avaliação dos marcadores sorológicos do 

HBV (HBsAg, anti-HBc e anti-HBs) numa população de 696 habitantes 

provenientes de quatro localidades da Colômbia: Amazonas (n=184); Chocó 

(n=138); Magdalena (n=218) e San Andrés (n=156) (Alvarado-Mora et al., 

2011a). Selecionando a população de pessoas maiores de 11 anos, encontrou-

se prevalência de HBsAg de 5,66% e de anti-HBc de 28,43%, o qual classifica 

atualmente a Colômbia dentro dos países com prevalência intermediária para o 

HBV. Entretanto, foram encontradas diferenças entre as populações avaliadas: 

os estados de Amazonas e Magdalena apresentaram maiores frequências para 

todos os marcadores do HBV em comparação com San Andrés e Chocó. 

Encontrou-se significância estatística quanto a distribuição das frequências 

para HBsAg (p=0,033), anti-HBc (p<0,001) e anti-HBs (p<0,001) em relação à 

origem das amostras. Da mesma forma, foi encontrado que a frequência do 

anti-HBc aumenta de forma significante com a idade, com menor frequência no 

grupo entre 11 e 15 anos e maior frequência no grupo com mais de 51 anos de 

idade (p<0,001). Para o anti-HBs isolado (marcador de vacinação prévia), foi 

encontrada uma frequência de 27,61% na população em geral. O estado de 

Chocó apresentou a maior porcentagem de vacinação na população (53,26%) 

e o estado do Amazonas apresentou a menor porcentagem de vacinação 

(17,00%). 

Esse estudo mostrou que a Colômbia apresenta regiões de prevalência 

elevada (>8%), intermediária (2-8%) e baixa (<2%). Os resultados mostram 
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também que a vacinação contra hepatite B deve ser reforçada na Colômbia 

como um programa de saúde pública eficaz para evitar novos casos de 

hepatite B na população. Este é um importante problema de saúde pública, 

cuja resolução envolve custos para a implementação generalizada de 

programas de vacinação eficientes em grandes regiões pouco habitadas, como 

o estado de Amazonas, onde as populações estão espalhadas em pequenas 

aldeias situadas no meio da floresta equatorial. Além disso, esse programa 

pode enfrentar problemas inesperados, como acontece nos estado de 

Amazonas e Magdalena, já que algumas etnias indígenas não aceitam a 

vacinação por razões culturais e terminam por se contaminar com o HBV. 

Com os trabalhos citados previamente, pode-se concluir que a 

Colômbia se classifica como um pais de prevalência intermediária para o vírus 

da hepatite B, e se espera uma melhora no programa de vacinação obrigatória 

que vem sendo aplicado no país desde 1992, especialmente em algumas 

regiões onde a prevalência do HBV continua sendo alta. 

 

1.3 Caracterização dos genótipos do HBV em algumas regiões da América 

Latina 

O HBV é classificado atualmente em nove genótipos com distribuição 

geograficamente restrita (Yu et al., 2010). O genótipo A (HBV/A) é encontrado 

principalmente no norte e oeste da Europa, na América do Norte e na África 
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(Bowyer et al., 1997; Sugauchi et al., 2004a; Kramvis & Kew, 2007; Gulube et 

al., 2011). Genótipos HBV/B e HBV/C são prevalentes no sudeste da Ásia e no 

Extremo Oriente (Suguachi et al., 2004b; Chan et al., 2005; Tanaka et al., 2005; 

Mahtab et al., 2008). No Brasil, especificamente em São Paulo e no norte do 

Paraná, houve grande migração de descendentes do leste da Ásia, sendo, 

portanto, encontrados os genótipos C (subgenótipo C2) e B (Sitnik et al., 2004; 

Alvarado-Mora et al., 2011b). HBV/D é predominante na bacia do 

Mediterrâneo, no Oriente Médio e na Ásia Central (Norder et al., 2004; Elkady 

et al., 2008). O genótipo HBV/E é o genótipo mais prevalente na África 

Ocidental e África Central (Kramvis e Kew, 2007). HBV/E não é encontrado fora 

da África, com exceção de alguns casos de indivíduos com origem africana. No 

entanto, em um dos trabalhos realizados, pela primeira vez na América do Sul 

foi descrita a presença deste genótipo em uma comunidade de afro-

descendentes na Colômbia (Alvarado-Mora et al., 2010c). A origem do 

genótipo G é atualmente desconhecida, mas, apesar de ser pouco frequente, 

este genótipo tem sido relatado em vários países da Europa (Vieth et al., 2002; 

Jardi et al., 2008;) e nas Américas (Alvarado-Esquivel et al., 2006; Bottecchia et 

al., 2008), muitas vezes em co-infecção com o HIV (Silva et al., 2010). Os 

genótipos HBV/F e HBV/H são encontrados nas Américas, sendo o genótipo F 

descrito desde o Alaska até a Argentina, enquanto o genótipo H foi descrito 

principalmente na América Central 4e México (Arauz-Ruiz et al., 2002; Devesa 

et al., 2004; 2008). Recentemente, foi caracterizado um novo genótipo, 
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designado como o genótipo I, no Vietnã e Laos (Yu et al., 2010). Na Figura 1, 

está mostrada a distribuição dos genótipos do HBV na América Latina. 

 

Figura 1 – Distribuição dos genótipos do vírus da Hepatite B na América 

Latina. 
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No estudo realizado na população de doadores de sangue na Colômbia 

(n=143), o subgenótipo do HBV mais prevalente foi o F3 (75%), mas também 

se encontraram os subgenótipos F1b (2%), A2 (15,3%) e G (7,7%) (Alvarado-

Mora et al., 2011d). Os resultados das análises filogenéticas realizadas nessa 

população sugerem que o genótipo G na Colômbia teve varias introduções, 

pois as sequências encontradas não agruparam no mesmo clado da árvore 

filogenética. Da mesma forma, a presença de somente uma sequência do 

subgenótipo F1b sugere a entrada de alguma cepa migrante nessa população 

proveniente de uma região aonde este subgenótipo é prevalente, como o Chile 

(Venegas et al., 2011) ou Argentina (Campos et al., 2005). 

 O segundo subgenótipo mais prevalente encontrado na Colômbia foi o 

subgenótipo A2 (15,3%), encontrado com frequência na Europa, nos Estados 

Unidos e na região do Ártico (Langer et al., 1997; Chu et al., 2003; Norder et 

al., 2004; Osiowy et al., 2011). Existem atualmente poucas sequências longas 

deste genótipo nos bancos de dados, portanto não podemos fazer inferências 

específicas sobre sua origem na Colômbia. De qualquer forma, na Colômbia, 

houve uma importante migração europeia no tempo da colonização espanhola, 

o que faz acreditar que possivelmente o subgenótipo A2 foi introduzido nessa 

época (Alvarado-Mora et al., 2011d).  

O genótipo F tem sido descrito como representante da população 

indígena nas Américas, já que é encontrado em diversos grupos ameríndios de 

forma quase exclusiva (Di Lello et al., 2009). O subgenótipo F3 tem sido 
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relatado no Panamá (Norder et al., 2004), Venezuela (Nakano et al., 2001) e na 

Colômbia (Norder et al., 2004; Devesa et al., 2008).  Em nosso trabalho, 

encontrou-se o subgenótipo F3 como o mais frequente na população da 

Colômbia e também determinamos o ancestral comum mais recente (TMRCA) 

para cada um dos subgenótipos do genótipo F (F1, F2, F3 e F4) circulantes nas 

Américas. Como resultado, foi obtido que o genótipo F3 é provavelmente o 

genótipo mais antigo e o subgenótipo F4 é o mais recente (Alvarado-Mora et 

al., 2011d). Da mesma forma, observamos que o subgenótipo F3 

aparentemente circula há mais tempo na Venezuela do que na Colômbia. 

Realizando uma análise das substituições nucleotídicas características de cada 

um dos quatro subgenótipos do genótipo F, foi encontrado que o subgenótipo 

F3 apresenta três substituições não sinônimas no genoma que não estão 

presentes nos outros subgenótipos, mas estão presentes no genótipo H. Dessa 

forma, podemos sugerir que o subgenótipo F3 está mais relacionado ao 

genótipo H do que qualquer outro subgenótipo do genótipo F.  

Na população de Chocó, estado do país que apresenta mais de 65% 

de população afro-descendente (http://es.wikipedia.org/wiki/Chocó), encontrou-

se os subgenótipos A1 e E como os mais prevalentes (Alvarado-Mora et al., 

2011e). O genótipo E foi descrito de forma autóctone pela primeira vez na 

América do Sul nessa população (Alvarado-Mora et al., 2010c). A partir desse 

resultado, foram realizadas análises evolutivas para determinar a possível 

origem desse genótipo nessa comunidade. A população de Chocó é 
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descendente na sua maior parte dos escravos africanos que foram trazidos 

para as Américas no começo do século XIX. Dessa forma, foram testadas duas 

hipótese da presença do genótipo E: (i) HBV/E foi trazido para as Américas 

com os escravos ou (ii) HBV/E foi introduzido recentemente por algum contato 

dos seus habitantes com a África. Dessa forma, foi determinada uma taxa de 

substituição específica para o HBV/E de 3,2 x 10-4 substituições / sítio / ano 

(s/s/y) e foram testadas mais duas taxas previamente relatadas para o HBV              

(Simmonds & Midgley, 2005; Hannoun et al., 2005; Zhou & Holmes, 2007). Os 

resultados das análises das sequências demonstraram que possivelmente o 

HBV/E pode estar circulando há algum tempo nessa região, sendo que foram 

encontradas duas sinapomorfias nas sequências de Chocó. Entretanto, os 

resultados do ancestral comum mais recente (TMRCA) obtidos pela taxa 

calculada nesse estudo sugerem que o genótipo E é um genótipo recente. ,Os 

valores obtidos com a taxa mais lenta (1.5x10-5 s/s/y) indicam um TMRCA de 

em torno 500 anos, o qual favorece a hipótese de que a entrada deste genótipo 

na Colômbia pode ter sido através do trafico de escravos. De qualquer forma, a 

presença do subgenótipo A1, que também tem uma origem africana (e não foi 

encontrado nas outras populações estudadas da Colômbia) pode favorecer a 

hipótese da possível entrada do genótipo E e do próprio subgenótipo A1 na 

época do tráfico de escravos. Interessantemente, uma sequência recombinante 

foi encontrada entre os subgenótipos F3 e A1 na posição 941 da região da 

polimerase (POL) (Alvarado-Mora et al., 2011e). Embora tenha sido uma 

única sequência que foi encontrada nesta região, já foram relatadas várias 
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cepas recombinantes deste vírus no mundo (Chen et al., 2004; Suwannakarn et 

al., 2005; Abdou-Chekaraou et al., 2010; Mahgoub et al., 2011). Como o evento 

de recombinação é raro, sugerimos que a presença desta cepa recombinante 

deve estar relacionada à alta prevalência do genótipo F3 assim como do 

genótipo A1, que podem estar circulando há muito tempo nessa região, mas 

também existe a hipótese desse recombinante ter sido introduzido a partir de 

outra região geográfica. 

Comparando com outros países da América do Sul, o genótipo E só foi 

relatado em casos de africanos nativos que vieram recentemente para o Brasil 

(Sitnik et al., 2007) ou Argentina (Mathet et al., 2006). Entretanto, o 

subgenótipo A1 tem sido relatado como um genótipo prevalente em 

comunidades de quilombos no estado de Mato Grosso, no Brasil (Motta-Castro 

et al., 2005, 2008). Da mesma forma, o subgenótipo A1 foi caracterizado em 

quatro casos de uma comunidade de Quilombos (Frechal) no estado de 

Maranhão (Alvarado-Mora et al., 2011f) e em mais de 70% de prevalência em 

pacientes com hepatite B crônica do estado de Pernambuco (Moura et al., 

2011). Já no estado de Rondônia, no Brasil, este subgenótipo foi encontrado 

em 37,1% dos casos, enquanto os subgenótipos D3 e F2a foram encontrados 

em 22,8% e 20,0% dos casos, respectivamente (Santos et al., 2010). 
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Abstract

Background: Viral hepatitis B, C and delta still remain a serious problem worldwide. In Colombia, data from 1980s described
that HBV and HDV infection are important causes of hepatitis, but little is known about HCV infection. The aim of this study
was to determine the currently frequency of HBV, HCV and HDV in four different Colombian regions.

Methodology/Principal Findings: This study was conducted in 697 habitants from 4 Colombian departments: Amazonas,
Chocó, Magdalena and San Andres Islands. Epidemiological data were obtained from an interview applied to each individual
aiming to evaluate risk factors related to HBV, HCV or HDV infections. All samples were tested for HBsAg, anti-HBc, anti-HBs
and anti-HCV markers. Samples that were positive to HBsAg and/or anti-HBc were tested to anti-HDV. Concerning the
geographical origin of the samples, the three HBV markers showed a statistically significant difference: HBsAg (p = 0.033)
and anti-HBc (p,0.001) were more frequent in Amazonas and Magdalena departments. Isolated anti-HBs (a marker of
previous vaccination) frequencies were: Chocó (53.26%), Amazonas (32.88%), Magdalena (17.0%) and San Andrés (15.33%) -
p,0.001. Prevalence of anti-HBc increased with age; HBsAg varied from 1.97 to 8.39% (p = 0.033). Amazonas department
showed the highest frequency for anti-HCV marker (5.68%), while the lowest frequency was found in San Andrés Island
(0.66%). Anti-HDV was found in 9 (5.20%) out of 173 anti-HBc and/or HBsAg positive samples, 8 of them from the Amazonas
region and 1 from them Magdalena department.

Conclusions/Significance: In conclusion, HBV, HCV and HDV infections are detected throughout Colombia in frequency
levels that would place some areas as hyperendemic for HBV, especially those found in Amazonas and Magdalena
departments. Novel strategies to increase HBV immunization in the rural population and to strengthen HCV surveillance are
reinforced by these results.
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Introduction

Around two billion people worldwide have been infected by

hepatitis B virus (HBV) and approximately 350 million people are

chronic carriers. Every year about one million deaths are caused

by chronic HBV infection [1]. Approximately 400.000 new cases

are estimated to occur in Latin America each year and 10 to 70%

of them may evolve to hepatocellular carcinoma [2]. Considering

the HBV infection epidemiology throughout different geograph-

ical zones, the world is divided in high, intermediate and low

endemicity areas, corresponding to infection rates higher than 8%,

2 to 8% and lower than 2%, respectively [3].

The routes of HBV transmission in South and Central America

are highly variable. The highest prevalence was reported in 20 to

40 years old age group, and adult horizontal transmission is the

most common route of infection [4]. Furthermore, vertical and

childhood horizontal transmission are also important in areas of

high endemicity such as the Amazon Basin [5,6].

HBV strains have distinct geographical distribution that are

classified in nine genotypes (A to I) based on genome diversity and

some of them are further classified in subgenotypes [7]. In

Colombia, subgenotype F3 is the most common subgenotype

among the HBV infected patients, but it was also reported an

important frequency of genotypes E, A2, G and F1b among HBV

chronic patients [8,9].

Hepatitis D virus (HDV) is a subviral agent that requires a

preexisting or concurrent infection with HBV [10]. HDV genome

is a 1672 to 1697 nucleotides circular single-strand RNA of with

extensive intramolecular complementarity [11,12]. Compared

with infection with HBV alone, HDV coinfection with HBV is
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associated with a higher rate of fulminant hepatitis in an acute

infection and HDV superinfection in individuals with chronic

HBV infection can lead to more severe progressive chronic liver

disease [10].

HDV is classified in eight different genotypes: genotype 1 is the

most frequent and found in Europe, Middle East, North America

and North Africa [13–15]; genotype 2 is seen in the Far East;

genotype 3 was reported in the Amazonian region of South America

[16,17]; genotype 4 was isolated in Taiwan and Japan [18–20]; and

genotypes 5 to 8 have been identified in Africans [21]. HDV is

distributed worldwide with more than 24% of HBV carriers with

HDV markers present in Africa, Southwest Asia and in the

Mediterranean basin. In the United States, HDV prevalence is

lower, ranging from 1 to 10% [22]. In Colombia, few reports are

available on HDV prevalence, mainly showing its association to

fulminant hepatitis outbreaks in departments with intermediate or

high HBV endemicity, particularly in the Amazonas department

where high HDV antibodies prevalence rates have been found

among children younger than 4 years old [23].

Hepatitis C virus (HCV) infection is a public health problem

throughout the world infecting around 3% of the world

population. HCV is classified in six major genotypes and more

than 70 subtypes [24,25]. It is an enveloped, single stranded

positive sense RNA virus with a 50 nm diameter viral particle,

classified in Hepacivirus genus of the Flaviviridae family [26].

Countries with the highest reported prevalence rates are located

in Africa and Asia; while lower prevalence areas include North

America, North and West Europe, and Australia [27]. In Latin

America, HCV overall prevalence is 1.23% [4]. However, the

HCV antibody in blood donors in Latin America varies from 0.2%

–0.5% in Chile to 1.7% –3.4% in northeast of Brazil [4,28,29].

The main risk factors are unsafe injection techniques and blood

transfusions [29]. Mandatory screening for HCV infection was

gradually adopted in Latin America during the 1990s, leading to a

currently decreased blood transmission in most South American

countries [4,29]. One study carried out in Colombia during 2005

showed a prevalence of 9% of HCV among multi-transfused

patients [30]. The distribution of HCV genotypes in Colombia

showed that subtype 1b is the most prevalent and that HCV

emerged in Bogotá around 60 years ago [31].

Since in Colombia there are few epidemiologic studies about the

hepatitis virus, the aim of this study was to determine the

frequency of serological markers for viral hepatitis B, C and D

(delta) in four regions in Colombia and to analyze the risk factors

associated with viral transmission in these populations.

Methods

Study population
This study was conducted in 697 habitants with ages varying

from 12 to 72 years old from the rural and urban areas of four

departments in Colombia: Amazonas (n = 184), Chocó (n = 138),

Magdalena (n = 218) and San Andres Islands (n = 156) (Figure 1).

Epidemiological data were obtained from an interview applied to

each individual aiming to evaluate risk factors related to HBV,

HCV or HDV infections. The Ethical Committees of the

Pontificia Universidad Javeriana, Bogotá, Colombia and the

University of São Paulo Medical School, São Paulo, Brazil,

approved this protocol. All patients have signed an informed

consent form before joining the study.

Sampling was carried out for each department during the span

of a week. The individuals were summoned in the public health

laboratory from each region. Different risk groups were evaluated

in this study. In the Amazonas department, sampling was

performed in the area of the Amazon River, involving Amerindian

populations originating from four different ethnic groups (Ticuna,

Huitoto, Huinane, and Yagua). In Chocó department and San

Andres Islands, sampling included female sex workers, doctors and

nurses. In Magdalena department, it included medical workers

and ‘‘desplazados’’ populations (i.e., people that were obliged to

leave their homes due to the civil war).

Serological tests
All samples were tested for HBsAg, anti-HBc, anti-HBs and anti-

HCV markers. Samples that were positive to for HBsAg and/or

anti-HBc were tested to anti-HDV. These assays were performed

using commercial available ELISA kits (DiaSorin, Italy).

Statistical analyses
Statistical analyses were performed using Minitab Software v.

15. The x2 test for linear trend (a= 0.05) was used to examine the

distribution of HBV, HCV and HDV markers according to age

group, sex, and geographical origin. Results were considered

statistically significant when p,0.05.

Results

The results for all serological markers tested in the samples and

for the statistical analysis according to three analyzed variables

(sex, age group and geographical origin of the samples) are shown

in Table 1.

Hepatitis B virus markers (HBsAg, anti-HBc and anti-HBs)
In spite of the higher frequency of anti-HBc and anti-HBs

positive cases when comparing males to females patients, these

differences were not statistically significant (p = 0.051 and

p = 0.089, respectively). Anti-HBc (p,0.001) frequency increased

with age, from the 11–15 years old group to the .51 years old

group. Anti-HBs (p = 0.026) frequency was also different in the

several age groups and was higher in the 46–50 and .51 years old

groups. HBsAg frequency was not different according to sex and

age (p = 0.378 and p = 0.502, respectively).

Amazonas and Magdalena departments showed the highest

frequency for all HBV markers while San Andres Islands and

Chocó showed a low frequency for them. The differences for

HBsAg (p = 0.033), anti-HBc (p,0.001) and anti-HBs (p,0.001)

frequencies in the various geographical origins of the samples were

statistically significant.

Concerning the geographical origin of the samples, the three

HBV markers showed a statistically significant difference. HBsAg

(p = 0.033) and anti-HBc (p,0.001) were more frequent in

Amazonas and Magdalena departments and less frequent in San

Andrés Islands and Chocó. For anti-HBs (p,0.001), the highest

and lowest frequencies were also observed in Amazonas

department and San Andrés Islands, respectively, but Chocó

department showed the second highest frequency.

Another analysis was carried out to verify the frequency of

isolated anti-HBs as a marker of previous vaccination. Its

frequency by geographical origin of the samples was: Chocó

(53.26%), Amazonas (32.88%), Magdalena (17.0%) and San

Andrés (15.33%) - p,0.001. Isolated anti-HBs distribution was

not different according to sex and age (p = 0.089 and p = 0.860,

respectively).

Hepatitis C marker (anti-HCV)
Amazonas department showed the highest frequency for anti-

HCV marker (5.68%). The lowest frequency was found in San

Andrés Island (0.66%) and intermediate levels were found in the

Hepatitis in Colombia: Epidemiological Situation
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two other departments, but these differences were not statistically

significant (p = 0.107). Considering age groups, the higher

frequency for anti-HCV was found from 26 to 30 (7.22%) years

old, but it was not statistically significant (p = 0.259). Geographical

origin of samples did not show statistically significant difference

considering the presence of anti-HCV in the population

(p = 0.107).

Hepatitis Delta marker (anti-HDV)
One-hundred seventy three anti-HBc positive and/or HBsAg-

positive samples were screened for anti-HDV. Nine (5.20%)

samples (from 3 males and 6 females) were positive for this marker.

Eight of these samples were from the Amazonas region and one

sample came from Magdalena department. Anti-HDV positive

patients ranged from 21 to 67 years old. No statistically significant

differences were found for anti-HDV distribution and sex

(p = 0.949). For age group and geographical origin of samples, it

was not possible to carry out a statistical analysis due to the small

number of positive samples.

Discussion

In Colombia, there are a few studies about hepatitis

epidemiology. This is the first currently study reporting HBV,

HCV and HDV serological profiles in these four departments

(Amazonas, Chocó, Magdalena and San Andrés Islands).

Figure 1. Geographic localization of the four places from where samples were collected in Colombia. The capital of each department is
in red (N).
doi:10.1371/journal.pone.0018888.g001
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The overall anti-HBc and HBsAg frequencies found were

28.43% and 5.66%, respectively. These rates include Colombia as

an intermediate endemicity region in at least these four regions

that we have analyzed. HBsAg positivity rates ranged from 1.97%

in San Andrés Islands to 8.39% in Magdalena department, slightly

surpassing the intermediate endemicity rates (2 to 8%) in this last

department.

Serological markers for HBV infection have been previously

found to range from 25 to 83% among Amazonian peoples in

Bolivia, Brazil, Peru and Venezuela [32,33]. In a study performed

between 1977 and 1989, overall HBsAg seroprevalence rate was

4.7% in Colombia [34].

In a previous paper analyzing the different Colombian regions,

HBsAg prevalence was 7.1%, 3.5% and 2.8% in the Central region,

in the Pacific zone and in the Eastern region, respectively [35]. In

the present paper, we have analyzed Chocó, in the Pacific region,

and we have found a HBV intermediate prevalence of 3.7% of the

studied population, very close to the previously reported.

In another study carried out in 1975 involving native Chocó

people who lived in the Darien forest, it was reported a higher

exposure to HBV: 42% anti-HBs positive but only 1.2% HBsAg

positive [36]. The prevalence of HBV markers among these native

Chocó people is lower than that found in the Chocó population

studied in the present paper as well as that found in other native

people who live in the Amazon department, as shown below. This

difference might be related to the higher sensitivity of the

methodology applied nowadays.

Western Amazonas basin is reported as one region with the

highest rates of hepatitis B infection in the world as more than

80% of people living in some rural areas have been infected with

HBV and more than 8% carry HBsAg [4,37,38]. In the present

paper, we are reporting 7.95% HBsAg positivity among the

studied population from Amazonas department, confirming that

HBV infection remains a problem in this region.

Near the capital of Magdalena department, Santa Marta city, in

northern Colombia, recurrent epidemics of severe hepatitis have

been reported over many years and have acquired the name of

‘‘Santa Marta hepatitis’’. This hepatitis was described in 1930s

[39] as a severe icteric illness with mortality as high as 10% [40].

HBsAg frequency found in Magdalena department in this study

was 8.39%, the highest found among the 4 departments analyzed.

Previous studies carried during the 809s found HBsAg levels higher

in studies of the populations affected with ‘‘Santa Marta Hepatitis’’

[34]. The present study could not study the population of Sierra

Nevada de Santa Marta where these epidemics have been

described but the finding of higher levels of HBV endemicity in

this area shows that it is remains a public health problem in this

area.

To our knowledge, previous data on the frequency of hepatitis

viruses markers at San Andrés Islands have not been published

before. These islands showed the lowest prevalence for all HBV

and HCV markers among the four studied regions. HDV infection

was not detected.

Anti-HBc positivity increased in older age groups. This finding

agrees with the known role of sexual transmission in HBV

spreading. As we did not have studied any children with less than

12 years old in this study, we cannot evaluate the role of vertical

transmission for hepatitis infection in this population. Anti-HBs

Table 1. Results for each HBV, HDV and HCV serology marker evaluated in the Colombian population (.11 years old).

Variables

HBsAg
Positives/n (%)

anti-HBc
Positives/n (%)

anti-HBs
Positives/n (%)

Isolated anti-HBs
Positives/n (%)

anti-HDV
Positives n (%)

anti-HCV
Positives/n (%)

Sex

Male group 7/163 (4.29%) 56/163 (34.36%) 73/149 (48.99%) 33/96 (34.38%) 3/56 (5.36%) 6/163 (3.68%)

Female group 28/455 (6.15%) 120/456 (26.32%) 175/427 (40.98%) 78/306 (25.49%) 6/117 (5.13%) 16/456 (3.51%)

p 0.378 0.051 0.089 0.089 0.949 0.919

Age group (years)

11–15 1/32(3.13%) 0/32(0.00%) 6/30 (20.00%) 6/30 (20.00%) no samples 0/32(0.00%)

16–20 5/58(8.62%) 7/58 (12.07%) 19/54 (35.19%) 11/45 (24.44%) 0/7 (0.00%) 1/58 (1.72%)

21–25 8/130(6.15%) 25/130 (19.23%) 43/116 (37.07%) 25/94 (26.60%) 1/22 (4.55%) 6/130 (4.62%)

26–30 8/97(8.25%) 26/97 (26.80%) 44/94 (46.81%) 23/66 (34.85%) 0/23 (0.00%) 7/97 (7.22%)

31–35 4/69(5.80%) 20/69 (28.99%) 29/64 (45.31%) 12/45 (26.67%) 1/22 (4.55%) 2/69 (2.90%)

36–40 0/61(0.00%) 20/62 (32.26%) 26/58 (44.83%) 11/38 (28.95%) 1/20 (5.00%) 0/62(0.00%)

41–45 2/55(3.64%) 19/55 (34.55%) 21/52 (40.38%) 7/33 (21.21%) 3/20 (15.0%) 2/55 (3.64%)

46–50 3/35(8.57%) 17/35 (48.57%) 19/33 (57.58%) 5/16 (31.25%) 1/18 (5.56%) 0/35(0.00%)

.51 4/81(4.94%) 42/81 (51.85%) 41/75 (54.67%) 11/35 (31.43) 2/41 (4.88%) 4/81 (4.94%)

p 0.502 ,0.001 0.026 0.860 * 0.259

Geographical Origin

Amazonas 14/176 (7.95%) 96/176 (54.55%) 105/168 (62.50%) 24/73 (32.88%) 8/97 (8.25%) 10/176 (5.68%)

Chocó 5/135 (3.70%) 25/136 (18.38%) 67/115 (58.26%) 49/92 (53.26%) 0/27 (0.00%) 5/136 (3.68%)

San Andrés Island 3/152 (1.97%) 6/152 (3.95%) 25/143 (17.48%) 21/137 (15.33%) 0/9 (0.00%) 1/152 (0.66%)

Magdalena 13/155 (8.39%) 49/155 (31.61%) 51/150 (34.00%) 17/100 (17.00%) 1/40 (2.50%) 6/155 (3.87%)

p 0.033 ,0.001 ,0.001 ,0.001 * 0.107

Total 35/618 (5.66%) 176/619 (28.43%) 248/576 (43.06%) 111/402 (27.61%) 9/173 (5.20%) 22/619 (3.55%)

*p value was not calculated due to the small number of positive samples.
doi:10.1371/journal.pone.0018888.t001
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positivity also increased in older age groups, but surprisingly

HBsAg positivity did not showed a statistically significant

difference with age as some age groups showed particularly lower

levels of HBsAg detection (especially the 36 to 40 years old age

group).

Cuba, Colombia and Brazil were the first countries in Latin

America that introduced universal HBV vaccination in the early

1990s [41]. Isolated anti-HBs (i.e., immunized after vaccination)

individuals constitute only 17.96% (n = 111) of the studied

population (n = 618). Considering only the susceptible individuals

(n = 402), i.e., anti-HBc and HBsAg seronegatives but anti-HBs

seropositives, only 27.61% of them were protected against HBV

infection. Isolated anti-HBs was detected in more than half and in

about one third of susceptible individuals in Chocó and Amazonas

departments, respectively. In San Andrés Islands and Magdalena

departments, isolated anti-HBs levels are only 15.33 and 17.00%,

respectively. It is noteworthy that the highest HBsAg positive rate

was detected in Magdalena department.

In 2002, it was reported a HBV vaccine coverage in Chocó about

26.2% [42]. In Chocó department, we found that 53.26%

individuals with isolated anti-HBs, reflecting previous HBV

vaccination, what would explain the HBsAg frequency found. At

San Andrés Islands, we found a low frequency of isolated anti-HBs

(15.3%) but also a lower frequency of HBV infection markers.

Isolated anti-HBs frequency was 32.88% in Amazonas department.

These results show that HBV vaccination must be reinforced in

Colombia as an effective health program for this population to

prevent new hepatitis B cases. This is an important public health

problem involving the costs for the implementation of widespread

efficient vaccination programs in large regions inside scarcely

inhabited areas where the populations are spread in small villages

located in the middle of the equatorial rain forest. Furthermore,

such program might face unexpected problems, as some also

indigenous populations in the Amazonian region may not accept

HBV vaccination for cultural reasons.

For hepatitis delta, areas of high prevalence include the

Mediterranean Basin, the Middle East, Central Asia, Amazon

Basin in South America and certain South Pacific islands [43].

Severe, often fatal, acute and chronic type D hepatitis occurs

among indigenous people for Venezuela, Colombia, Brazil and

Peru, all regions with high chronic HDV infection rates [44].

In Colombia, HDV infection is common in Amazonas and

Magdalena departments [37,38,45,46]. These data were con-

firmed in this study as the only anti-HDV positive samples found

were from these two departments: 8 (8,25%)/97 and 1 (2.5%)/40

among HBsAg and/or anti-HBc positive samples from Amazonas

and Magdalena departments, respectively. These two departments

have a huge jungle region and HDV genotype 3 predominates

[10,17]. Buitrago et al., in 1986, suggested that HDV infection has

been endemic in northern South America for more than 50 years.

The high frequency of HBV, together with the presence of HDV

markers, showed that these viruses represent the etiologic factors of

the ‘‘hepatitis of the Sierra Nevada de Santa Marta’’ [40]. It is

important to reinforce that a continuous surveillance of this area

allied to an intense HBV vaccination program is needed to control

this severe hepatic disease, as cases co-infected with both viruses

are still being detected.

The estimates of HCV prevalence in Colombia correspond to

data collected from blood donors, since there is no study of

prevalence in the general population [30]. A study reporting the

potential risk for an infectious disease through tainted transfusion

involving Colombian blood donors reported that 98.30% of them

were submitted to anti - HCV screening and 0.90% of those were

anti - HCV positive in 1993. This study also reported in Colombia

a probability of 74.55 per 10,000 donors of receiving an infected

transfusion and 67.09 per 10,000 donors of getting a transfusion-

transmitted infection, which was the highest risk of receiving a

blood unit infected with HCV and of contracting this infection in

Latin America [47]. Colombia has made screening for HCV

mandatory since 1993 [48] and the coverage for serology for that

infection in the blood banks has increased since now. In another

study, the screening coverage for anti-HCV in Colombia in 2002

increased to 99.70% and the risks of receiving an infected unit or

developing an infection after receiving an infected unit of blood in

decreased to 0.24 per 10,000 donors and 0.22 per 10,000 donors,

respectively [49]. These results strongly agree with previous results

from our group showing that HCV genotype 1b, the most frequent

in Colombia, exponentially spread up to 1992, when its growth

was controlled by HCV screening in Blood Banks [31].

In this study, anti - HCV frequency ranged from 0.66% in San

Andres Island up to 5.68% in Amazonas department. HCV is an

infection that probably arrived recently in Colombia [31] when

compared to HBV, which is found wide spread in Native

Colombians people and some HBV genotypes are quite probably

longer in South America [9]. Nevertheless, the widespread

presence of this infection throughout the world, the known

transmissions routes by blood supplies and other parenteral routes,

led this infection to spread around the world and it is present in all

the Colombians regions studied, in some of them in endemicity

levels that deserve deeper attention of health policy authorities.

In conclusion, HBV, HCV and HDV infections are detected

throughout Colombia in frequencies levels that would place some

areas as hyperendemic for HBV, especially those found in

Amazonas and Magdalena departments.
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Hepatitis B virus (HBV) infection is a public health 
problem; approximately two billion people have been 
exposed to HBV and more than 300 million are chroni-
cally infected with this virus (Grimm et al. 2011). HBV 
is the prototype member of the Hepadnaviridae, a family 
of hepatotropic DNA viruses. The virus has a 42 nm di-
ameter viral particle and an extremely compact partially 
double-stranded circular genome (Dane et al. 1970). 
HBV is classified into eight genotypes (A-H) based on 
inter-group divergence of the entire genomic nucleotide 
sequence (Kramvis et al. 2008). Recently, an additional 
HBV genotype (I) was proposed (Yu et al. 2010). 

HBV genotypes and subgenotypes have distinct geo-
graphical distributions and are associated with the sever-
ity of liver diseases in different populations. Genotype A 
is distributed globally and is the main genotype found in 
Europe, North America, Africa and India. Genotype D 
is mainly found in the Middle East and the Mediterrane-
an Basin. Genotype E was originally reported in Africa 
(Kramvis & Kew 2007), while genotype G was initially 
reported in Europe and North America (Stuyver et al. 
2000). HBV genotype F is found in Central and South 
America, particularly in indigenous populations in 
South America (Devesa & Pujol 2007, Alvarado-Mora 
et al. 2011). Genotype H is frequent in Central and North 
America (Arauz-Ruiz et al. 2002) and is very closely 
related to genotype F (Alvarado-Mora et al. 2011). Re-
cently, HBV genotype I was described in northwestern 
China, Vietnam and Laos (Yu et al. 2010).

The most frequent HBV genotypes in Asia are B and 
C. Genotype C is associated with more aggressive liver 
disease and poorer response to antiviral therapy com-
pared to genotype B (Chu et al. 2002). Genotype C is as-
sociated with hepatocellular carcinoma (HCC) in older 
patients (Yu et al. 2005), while genotype B is associated 
with HCC in younger people and with acute hepatitis B 
in adults (Ni et al. 2004).

Genotype C is classified into 10 subgenotypes that 
differ in their geographical distribution: C1 is found in 
Thailand, Vietnam and Myanmar (South Asia), C2 is 
found in Japan and China (Far East Asia), C3 is found 
in New Caledonia and Polynesia, C4 is found in Austral-
ian Aborigines and C5 is confined to the Philippines and 
Vietnam (Ni et al. 2004, Chan et al. 2005, Kramvis et 
al. 2008). The subgenotypes C3-C10 are also found in 
Indonesia (Mulyanto et al. 2009, 2010). 

The most common genotype in Brazil is genotype 
A, followed by genotypes D and F. The North, North-
east and Southeast Regions have a higher frequency of 
genotype A, while genotype D is the most frequent in 
the South Region (Mello et al. 2007). In some regions, 
genotypes B and C are also detected at low prevalences, 
reflecting the presence of Asian descendants within the 
populations of these regions (Sitnik et al. 2004). The aim 
of this study was to determine the complete genome se-
quence of an HBV subgenotype C2 isolate from a native 
Brazilian patient and to infer the origin of this virus. 

The patient was a 54-year-old Caucasian female who 
was born in state of São Paulo (SP), Brazil. She was un-
employed at the time of the study (but worked in Ota, 
Gunma, Japan, from 2000-2009) and had been diag-
nosed with chronic hepatitis B in Japan, at which time 
antiviral treatment was started. No other comorbidities 
or relevant data on her clinical history were reported 
and her physical examination was normal. At that time, 
she had the following clinical assay results: aspartate 
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transaminase (AST) 73 IU/mL, alanine transaminase 
(ALT) 93 IU/mL, HBsAg (+), HBeAg (+) and anti-HBc 
(+). She received lamivudine 150 mg/day from August 
2005-October 2008. As HBV DNA was always detect-
ed, the treatment was changed to adefovir 10 mg/day. 
At that point, her clinical assay results were as follows: 
anti-HCV (-), anti-HIV (-), HBeAg (+), AST 37 IU/mL, 
ALT 32 IU/mL, HBV DNA 13,900,000 IU/mL (log 6.14) 
and genotype C; no resistance-related mutations were 
found in the DNA polymerase coding region. We started 
lamivudine plus tenofovir in June 2010 and HBV DNA 
became undetectable in September 2010. All procedures 
followed were in accordance with the ethical standards. 

The sample collected when the patient arrived in Bra-
zil was processed to amplify the complete HBV genome. 
HBV DNA extraction was conducted from 100 μL of 
serum using the acid guanidinium thiocyanate/phenol/
chloroform method (Chomczynski & Sacchi 1987). Am-
plification of the whole HBV genome was performed 
with the P1 and P2 primers described previously, with 
slight modifications (Gunther et al. 1995). The sample 
was submitted to DNA amplification by polymerase 
chain reaction (PCR) (Gomes-Gouvea 2005). 

Sequencing was performed in an ABI Prism® 3100 
Automatic Sequencer (Applied Biosystems, Foster City, 
CA, USA) (Sanger et al. 1977) using dideoxy nucleoside 
triphosphates containing fluorescent markers (Big Dye® 
Terminator v3.1 Cycle Sequencing Ready Reaction kit, Ap-
plied Biosystems, Foster City, CA, USA). For sequencing, 
we used 18 primers internal to the PCR fragment, generat-
ing sequences around 300-500 bp in length. The primers 
were as follows: PS3076F (Stuyver et al. 2000), RHBS2 
(Sitnik et al. 2004), P1.2, P2.2 (Gunther et al. 1995), 582R, 
LAM1F, 2817R, P184, P192, P194, P197, P1193R, P970F, 
2029R, X1577F (Gomes-Gouvea 2005), EP2.2. (Takahashi 
et al. 1995), PS3216R (Norder et al. 1994) and 5LAM5 (Da 
Silva et al. 2000). The quality of each electropherogram 
was evaluated using Phred-Phrap software (Ewing et al. 
1998) and consensus sequences were obtained by align-
ment of both sequenced strands using CAP3 software 
available from the Electropherogram quality analysis web 
page (asparagin.cenargen.embrapa.br/phph/).

The isolated complete genome was aligned with oth-
er previously reported complete genome sequences (n 
= 192) using ClustalX software (Thompson et al. 1997) 
and was edited with the SE-AL software (available from: 
tree.bio.ed.ac.uk/software/seal/). The Bayesian Markov 
chain Monte Carlo simulation implemented in BEAST 
v.1.4.8 (Drummond & Rambaut 2007) was applied to 
obtain the best possible estimates using both the relaxed 
uncorrelated lognormal and exponential molecular clock 
models and using the model of nucleotide substitution 
(general time-reversible + gamma + proportion invari-general time-reversible + gamma + proportion invari-
ant). The molecular clock that best fits the data was 
chosen by Bayes factor comparison. After 10 million 
generations, the maximum clade credibility (MCC) tree 
was obtained by summarising 10,000 substitution trees 
and was then modified using a 10% burn-in using Tree 
Annotator v.1.5.3 (Drummond & Rambaut 2007). Phy-
logenetic trees were visualised and midpoint rooted in 
FigTree v1.2.2 (tree.bio.ed.ac.uk/software/figtree/).

The complete HBV genome was successfully ampli-
fied. The sequence was analysed for all reported mu-
tations of antiviral resistance and it did not show any 
mutation-related response. In addition, the patient har-
boured a virus with a precore mutation at position 1896 
(G-A), but no mutation at position 1899; this patient’s 
virus also lacked basal core promoter mutations. Once 
the MCC tree was obtained, the Brazilian isolate se-
quence grouped within genotype C, subgenotype HBV/
C2, along with four other sequences from China (Fig-
ure). This cluster was supported by an a posteriori prob-
ability of approximately 0.83. Sequence was deposited in 
GenBank under the accession HQ622095.

In Brazil, there is a highly miscegenated population 
and the HBV genotype distribution pattern in Brazil is 
different from that of other Latin American countries, 
with genotypes A, D and F being the most prevalent 
among HBV carriers in Brazil (Devesa & Pujol 2007, 
Mello et al. 2007, Santos et al. 2010). In the Southeast 
and South Regions, other HBV genotypes have been 
found that reflect the migrant origin of the population. 
In a previous study performed with chronic HBV car-
riers from different Brazilian regions, it was reported 
that genotype C was found in 13.2% of the patients, all 
of whom had an Asian background (Sitnik et al. 2004). 
In another study in Campinas, SP, the presence of the 
genotype C (3%) was reported in two Asian descendents 
and also in two Caucasians (Tonetto et al. 2009). In the 
Brazilian Amazon Region, one case of genotype C was 
reported among 44 patients (de Oliveira et al. 2008). Fi-
nally, in another study carried out in the states of Rio de 
Janeiro and Mato Grosso, Brazil, one case of genotype 
C was found (Bottecchia et al. 2008). In conclusion, the 
presence of genotype C in the Brazilian population is 
very low and most cases are restricted to the Asian popu-
lation living in the country or to those individuals with 
some contact with Asian people. In addition, because 
only a short HBV genome region was amplified in each 
of these previous studies, it is not possible infer the spe-
cific origin of each sequence. 

HBV infection is highly prevalent in China. A pre-
vious study verified that genotypes B and C are the 
predominant genotypes in China (Zhu & Dong 2009). 
The two major subgenotypes of genotype C HBV are 
subgenotype C1 (predominant in Southeast Asia) and C2 
(predominant in East Asia). In an interesting study, it 
was reported that in China the frequency of HBV geno-
type B tends to decrease gradually and that the preva-
lence of genotype C increases with increasing latitude 
(Zhu & Dong 2009). Furthermore, genotype C prevails 
in the northern provinces of China, while genotype B 
is more prevalent in southern China (Zeng et al. 2005). 
Likewise, there are significant differences in geographi-
cal distribution among the patients with genotypes B 
and C in Japan (Orito et al. 2001).

The complete HBV genome reported in this study 
grouped with other sequences from China. Based on the 
demographic and clinical information for this patient, we 
inferred that she may have acquired the infection during 
the period that she lived in Japan (9 years), although the 
origin of this sequence does not appear to be Japan. The 
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patient did not report any other information about the 
possible mode of transmission that could have aided us 
in making more inferences about this case. Phylogenetic 
analysis showed that within the group of genotype C2, 
the sequences previously reported from different coun-
tries (China, Japan, Korea, Taiwan, Thailand, Uzbeki-
stan) are interspersed. The sequence from this Brazil-
ian case grouped with four other sequences described in 
China, raising the possibility that someone who had di-
rect or indirect contact with people living in China might 
have infected our patient. It was not possible to determine 
the specific region of China from which this sequence 
could have originated because there is no specific publi-
cation about these sequences and we could not determine 
from which county these sequences were collected. The 
sequence of our patient is the first complete genome se-
quence of HBV subgenotype C2 reported in Brazil and it 
is noteworthy that this patient was not of Asian descent.

In conclusion, our results increase the understanding 
of the dynamics of HBV and demonstrate the applica-
tion of the Bayesian inference to determine the origin 
of an infection. We hypothesise that the native Brazil-
ian patient was infected with an HBV/C2 strain that is 
prevalent in China when she lived in Japan. 
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Hepatitis B virus (HBV) infection is a significant public health concern with 350 million chronic

carriers worldwide. Eight HBV genotypes (A–H) have been described so far. Genotype E (HBV/E)

is widely distributed in West Africa and has rarely been found in other continents, except for a few

cases in individuals with an African background. In this study, we characterized HBV genotypes in

Quibdó, Colombia, by partial S/P gene sequencing, and found, for the first time, HBV/E circulating

in nine Afro-Colombian patients who had no recent contact with Africa. The presence of HBV/E in

this community as a monophyletic group suggests that it was a result of a recent introduction by

some Afro-descendent contact or, alternatively, that the virus came with slaves brought to

Colombia. By using sequences with sampling dates, we estimated the substitution rate to be about

3.2�10”4 substitutions per site per year, which resulted in a time to the most recent common

ancestor (TMRCA) of 29 years. In parallel, we also estimated the TMRCA for HBV/E by using two

previously estimated substitution rates (7.7�10”4 and 1.5�10”5 substitutions per site per year).

The TMRCA was around 35 years under the higher rate and 1500 years under the slower rate. In

sum, this work reports for the first time the presence of an exclusively African HBV genotype

circulating in South America. We also discuss the time of the entry of this virus into America based

on different substitution rates estimated for HBV.

INTRODUCTION

Hepatitis B virus (HBV) is estimated to cause chronic
infection in more than 350 million people worldwide and
death in 1 million per year. Nearly 20 % of the chronic
carriers live in Africa with excessively high prevalence rates
reported, especially from the sub-Saharan region
(Hübschen et al., 2008). HBV strains have a distinct
geographical distribution, and are traditionally classified
into eight genotypes, A to H, on the basis of genome
diversity (Stuyver et al., 2000). Genotype A is found mainly
in North and West Europe, North America and Africa.
Genotypes B and C are prevalent in south-east Asia and the
Far East. Genotype D has a worldwide distribution and is
found predominantly in the Mediterranean region.
Genotypes E and F are prevalent in West Africa and in

the Amerindian population, respectively (Magnius &
Norder, 1995). Recently, genotype G has been reported
in the USA and France (Stuyver et al., 2000), and genotype
H has been found in Central America (Arauz-Ruiz et al.,
2002).

In Africa, viruses belonging to five genotypes, A (HBV/A)
to E (HBV/E), have been found. An extensive study of
genotypes A, B, C and D in South Africa has been reported
(Bowyer et al., 1997). Genotype E was first described in
1992 (Norder et al., 1992). Despite its wide geographical
spread and high prevalence, genotype E viruses in Africa
reveal a surprisingly low diversity. The mean diversity over
the whole genome is 1.75 %, compared with 4 % diversity
for African genotype A (Andernach et al., 2009).

HBV/E is by far the most prevalent genotype in Mali,
Burkina Faso, Nigeria, Togo, Benin, Central African
Republic and the Democratic Republic of the Congo

The GenBank/EMBL/DDBJ accession number for the Quibdó HBV
sequences identified in this study are GQ487690–GQ487698.
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(Olinger et al., 2006; Mulders et al., 2004; Odemuyiwa et al.,
2001; Bekondi et al., 2007). Also, this genotype has been
reported from other West African countries like Senegal
(Vray et al., 2006), the Ivory Coast (Suzuki et al., 2003),
Ghana (Candotti et al., 2006), Gambia (Dumpis et al.,
2001), Angola and Namibia (Kramvis & Kew, 2007).
Finally, some strains were reported further East in
Madagascar and Mozambique (Cunha et al., 2007;
Kramvis et al., 2005).

Genotype E has not been found outside of Africa, except
for a few rare cases mostly in individuals with an African
background. In Europe, sporadic genotype E strains were
reported from France (Halfon et al., 2006), Italy (Palumbo
et al., 2007), Spain (Toro et al., 2006), Belgium (Liu et al.,
2001) and The Netherlands (van Steenbergen et al., 2002).
Others cases were reported in Argentina (Mathet et al.,
2006), Brazil (Sitnik et al., 2007) and the USA (Kato et al.,
2004).

The analysis of DNA polymorphisms in the b-globin gene
cluster mainly focuses on those linked to the HBB*S gene,
given that this mutation is absent among native American
populations and was introduced into the American
continent basically by the gene flow from Africa during
the Atlantic slave trade from the 16th to the 19th century
(Lemos Cardoso & Farias Guerreiro, 2006). Data described
by Cuellar-Ambrosi et al. (2000) showed that the
distribution of haplotypes from the western region of
Colombia (which has the largest Afro-descendent popu-
lation in the country) had typical African haplotypes:
Bantu, 55.5 %; Benin, 34.8 %; Senegal, 4.3 %; and
Cameroon, 5.4 %. These results closely agree with the
historical data that indicate that most African slaves
brought to Colombia originated from Angola (Bantu
population) and São Tomé island in the Bight of Benin
(Central West Africa).

Although these studies demonstrate the African origin of
this population, they have not addressed the origins of
HBV in this population. Also, there are no previous studies
reporting the distribution of HBV genotypes in the Quibdó
community. The aim of this study is to report the presence
of genotype E of HBV in an Afro-descendent community
from Quibdó, Colombia, and to determine the possible
origin of its presence in this population using phylogenetic
and Bayesian analysis.

RESULTS

Genotyping analysis

Nine samples were positive for the S region (416 bp) by
nested PCR, but only five of them were also amplified in
the S/POL region (734 bp) (GenBank accession nos
GQ487690–GQ487698). To perform the phylogenetic
analysis, the missing nucleotides were coded as ‘missing
characters’ in nexus block. The longest fragment available
from each sample was sequenced and classified into

genotype E by maximum-likelihood (ML) reconstruction
(Fig. 1). Interestingly, the reconstruction of the nucleotides
that change along the ML tree showed that all the Quibdó
genotype E sequences have a synapomorphy of 2 nt,
strongly suggesting that these sequences originated from a
unique lineage introduced into this community in the past
(Fig. 2). On the S ORF, these substitutions were non-
synonymous and were found at position 133 [‘a’ deter-
minant; Met (ATG) for Leu (TTG)] and at position
161 [Phe (TTC) for Tyr (TAC)]. On the Pol ORF, the first
substitution at position 141 was also non-synonymous
[Tyr (TAT) for Phe (TTT)], while the second substitution
(162 aa) was synonymous [Ile (ATT) for Ile (ATA)].
Nevertheless, the two substitutions were localized out of
all the known polymerase domains.

Bayesian analysis

Evolutionary dynamics of HBV/E. The mean rate of
nucleotide substitution for HBV/E using 51 sequences for
which sampling dates were known was estimated to be
around 3.261024 substitutions per site per year within
highest probability densities (HPDs) (2.261024–
4.5261024). Under this substitution rate, the estimated
TMRCA for the origin of this genotype was around 29
years ago when only HBV S/Pol sequences were used; this
increased to 90 years ago when non-recombinant regions
of HBV genomes were utilized (Table 1).

As already expected, a huge variation of TMRCAs was
found for HBV/E by using the two different previously
estimated substitution rates of 7.761024 and 1.561025

substitutions per site per year (Table 1). Under the higher
rate, the TMRCA of genotype E estimated from the
complete genomes was 30 years, but this value went up to
1536 years with the slower rate. The variation was also large
when the TMRCA was evaluated using the non-recombin-
ant region (the first 1799 nt of the HBV genome), ranging
from 37.4 to 1907 years. Finally, the two datasets
comprising the most conserved region of the virus (S/
POL) revealed a TMRCA ranging between 24.4 and 1224
years or 9.7 and 469.5 years, when only genotype E
sequences were utilized. The estimates in Table 1
correspond to the values obtained from the best-fit rate
and molecular clock chosen by Bayes Factor comparison.
The strict molecular clock best-fitted the dataset of the
non-recombining region, and the relaxed uncorrelated
lognormal was the best molecular clock for all the other HBV
datasets. Therefore, there was little variation among
estimates under distinct clock models (data available upon
request).

DISCUSSION

HBV/E – what is the origin?

We showed, for the first time, the presence of HBV
genotype E circulating inside a South American popu-

M. V. Alvarado Mora and others
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Fig. 1. ML phylogenetic tree of the S/Pol region of the HBV
genome (n5188). The collapsed clades correspond to the non-E
genotypes (A, B, C, D, F, G and H). The values of posterior
probability (.0.9) are shown for key nodes. The nine HBV/E
Quibdó sequences are indicated by a bracket. Cen Afr Rep,
Central African Republic; SEN, Senegal; DRC, the Democratic
Republic of the Congo; IVORY, the Ivory Coast.
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lation. There have been many studies to characterize the
HBV genotype prevalence in Afro-descendent populations in
South America; in the Afro-Venezuelan population, geno-
types A and F have already been found. These results might
reflect the introduction of genotype A during the slavery
period and the absence of the African genotype E supports

the hypothesis of a recent origin for this genotype, which is
after the time of slavery (Quintero et al., 2002). Also, in Afro-
Brazilian communities, all HBV isolates belonged to
genotype A, subtype A1 (Motta-Castro et al., 2005, 2008),
which suggests that HBV was introduced from Africa to
different South American countries during the slave trade.

Fig. 2. Multiple alignment of amino acid sequences of HBsAg of the nine Colombian sequences compared with others
obtained from GenBank. The major hydrophilic region (100–160), including the ‘a’ determinant (124–147), is boxed (dotted
line). The two synapomorphies are located at positions 133 and 161 of the HBV S gene (boxed, solid line).

M. V. Alvarado Mora and others
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It is already known that genotype E is largely found only in
Africa or African descendents and is very rare in any other
continent. Currently, the few HBV/E carriers found outside
Africa were recent travellers from this continent (Halfon
et al., 2006; Palumbo et al., 2007; Toro et al., 2006; Liu et al.,
2001; van Steenbergen et al., 2002; Mathet et al., 2006;
Sitnik et al., 2007; Kato et al., 2004). The fact that Quibdó
(the Colombian city from where the samples in this work
were isolated) inhabitants are descendent from the slaves
that arrived in America up to the beginning of the 19th
century raises the question of when this genotype was
introduced in this population. Two hypotheses can explain
the presence of this genotype in Quibdó: (i) the virus came
with the slaves brought to Colombia and has been
circulating in this population since that time; or (ii) the
virus was introduced more recently, due to contact of its
inhabitants with African people.

The slaves trafficked from Africa to America originated
mostly from three main regions in West Central Africa: the
Bight of Benin, the Bight of Nigeria and the Gold Coast in
Ghana (Cuellar-Ambrosi et al., 2000). Supporting the
theory that the viruses circulating in Quibdó were
introduced in the times of slavery, we found that the
Colombian viruses constitute a closer cluster to sequences
from Nigeria, Togo, Benin, the Democratic Republic of the
Congo, the Ivory Coast and Cameroon, as seen in Fig. 1.
Moreover, as far as we know, the Afro-Colombian
population of Quibdó is very poor and there is no report
of recent travel to Africa or visitors from African
populations to this region.

Unfortunately, since there is no consensus about the
evolutionary rate of HBV, it is difficult to estimate the
TMRCA for this virus. For this reason, we decided to
estimate the substitution rate of HBV/E. Furthermore, we
also estimated TMRCA using the two previously published
substitution rates. However, due to the large difference in
these rates, our results on the evolutionary dynamics can
support the two hypotheses about the origin of this
genotype in Colombia. First, under our estimate of
3.261024 substitutions per site per year, the TMRCA for
genotype E sequences was around 30 years ago. The similar
substitution rate estimated by Zhou & Holmes (2007) also
suggested a recent entry of HBV/E into this community. In
fact, this hypothesis is more consistent with the accepted

time estimated for the origin of genotype E in general.
However, by considering a recent origin for HBV/E and
consequently, a more recent introduction in America (less
than 30 years ago), it is quite unexpected that the viruses
found in Colombia are different from any other lineage
found in Africa so far. Critically, this last hypothesis is also
supported by the estimates of TMRCA using the slower
rate and, by the monophyletic cluster (with high posterior
probability) of nine sequences isolated from Quibdó
(Fig. 2), which shows that a single virus entered the
community, establishing a founder effect, and has
remained there until now.

Variability in the substitution rate

The substitution rate estimated (3.261024 substitutions
per site per year ) in this work for genotype E only was
obtained using the same methodology used by Zhou &
Holmes (2007) and the results were very similar to their
findings and also to those of Zaaijer et al. (2008), even
though they used a different approach. The first study
estimating the substitution rate of HBV reported a rate
between 1.4 and 3.261025 substitutions per site per year
(Okamoto et al., 1987), obtained by dividing the amount of
divergence accumulated in sequences obtained from a
single patient by the total length of the sequence, assuming
the common ancestor for the viruses at the patient’s birth.
By using a similar approach, other studies based on pair-
wise sequence comparison sampled at different time points
estimated a median substitution rate of 5.161024 (Zaaijer
et al., 2008) and 7.961025 (Osiowy et al., 2006)
substitutions per site per year. Similar evolutionary rates
have also been estimated for other Hepadnaviruses such as
duck hepatitis B virus: 0.8 and 4.561025 substitutions per
site per generation (Pult et al., 2001).

In this work, we used a coalescent-based approach to
estimate the substitution rate and the TMRCA of HBV/E.
This method was also used previously to estimate the
overall substitution rate for HBVs using different datasets
(Zhou & Holmes, 2007). There are several advantages to
using Bayesian approaches to calculate the rate of
nucleotide substitution of pathogens. The first reason is
that the estimates are based on thousands of phylogenetic
trees instead of a unique distance value based on pair-wise

Table 1. Substitution rates and TMRCA for human HBV/E sequences

TMRCA was calculated using three different substitution rates (substitutions per site per year).

Dataset No. sequences HBV/E TMRCA (years; 95 % HPD)

7.7�10”4 3.2�10”4 1.5�10”5

Complete human HBV genomes 232 30 (25–34) 72 (60–85) 1536 (1293–1820)

HBV genomes, non-recombinant region 256 37.4 (30–47) 90 (72–115) 1907 (1525–2397)

HBV S/Pol region (all genotypes) 256 24.4 (14–37) 42 (29–57) 1224 (543–2094)

HBV S/Pol region (genotype E) 156 9.7 (6.3–14) 29.6 (16–52) 469.5 (257–738)

HBV/E in an isolated Afro-Colombian community
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distances. Also, the method allows the use of matrices of
substitution models that correct for distinct probabilities of
substitution through the sequences (Huelsenbeck et al.,
2001). However, determining the rate of sequence change
for HBV is difficult due to its complex organization. More
than half of the HBV genome consists of overlapping
frame-shifted ORFs. Moreover, overlapping genes and
secondary structures of the HBV genome involved in
the regulation of replication impose a constraint on the
number and nature of substitutions occurring in the
genome (Zaaijer et al., 2008). Consequently, the best
nucleotide substitution rate would be estimated from the
third codon positions, with no overlapping regions. In fact,
this has already been done and the values were around
9.6361024 substitutions per site per year. However, due to
the large variation in the HPDs obtained from this dataset
(from 0.4 to 19.261024), this specific rate may not be
suitable (Zhou & Holmes, 2007). Another important factor
influencing the evolution of HBV is the phase (chronic or
acute) of natural infection. Zaaijer et al. (2008) noticed that
the substitution rate in the HBV S gene was inversely
related to the level of viraemia, with no substitutions
occurring in the majority of highly viraemic HBV carriers
during decades of cumulative follow-up.

In summary, this work reports, for the first time, the
presence of HBV/E circulating in a small community in
Colombia. Moreover, this virus appears to have experi-
enced a unique entry into this population, since we found
two particular nucleotide changes (synapomorphies) only
in Quibdó sequences. We also attempt to estimate the
evolutionary rate of HBV/E. The current available data and
the substitution rate estimated in this work suggest a recent
origin for HBV, but the great variability and the worldwide
distribution of HBV genotypes argue against this theory. As
an accurate substitution rate for this virus is crucial to
understand its evolutionary origins, we argue that further
analysis of HBV evolutionary patterns should be done,
including relevant clinical and serological data.

METHODS

Genotyping analysis

Study population. Nine positive samples for the surface marker of

HBV (HBsAg) were obtained from sera stored at 220 uC in

refrigerators in the Laboratorio de Salud Publica in Quibdó,

Colombia. The sera were obtained from pregnant women living in

Quibdó city, Chocó, Colombia, over 2 years (2006–2007). These

samples came from nine Afro-descendent women aged from 16 to 23

years old. Specifically, the Laboratorio de Salud Publica received

samples from different hospitals from this city and confirmed these

using the HBsAg and anti-hepatitis B core antigen serological test.

HBV DNA extraction. HBV DNA extraction was carried out from

100 ml serum for each sample using the acid guanidinium

isothiocyanate (GT)/phenol/chloroform method described by

Chomczynski & Sacchi (1987). Briefly, 300 ml GT solution was added

to each sample. Ice-cold chloroform (50 ml) was added, followed by

homogenization and centrifugation. The supernatant was transferred

to a conical tube and precipitated with 300 ml cold ethanol. After

discarding the ethanol, samples were dried at 94 uC for 1 min,

resuspended in 50 ml ultrapure MilliQ water and stored at 220 uC.

HBV DNA amplification: S and S/Pol regions. To avoid false-

positive results, strict procedures for nucleic acid amplification

diagnostic techniques were followed (Kwok & Higuchi, 1989).

Samples were first amplified with the primers described by Sitnik et

al. (2004) in order to get a 416 bp fragment partially covering the

HBsAg coding region (S). A fragment of 734 bp partially comprising

HBsAg and Pol coding regions (S/Pol) was then amplified from the

samples that were positive in the previous step, using the primers

described by Gomes-Gouvêa et al. (2009).

HBV sequencing. Amplified DNA was purified using ChargeSwitch

PCR clean-up kit. Sequencing was performed in an ABI Prism 377

Automatic Sequencer (Applied Biosystems) based on the protocol

described by Sanger et al. (1977), using dideoxy nucleoside

triphosphates containing fluorescent markers (Big Dye terminator

v3.1 cycle sequencing ready reaction kit; Applied Biosystems). The

quality of each electropherogram was evaluated using the Phred-

Phrap software (Ewing et al., 1998; Ewing & Green, 1998) and

consensus sequences were obtained by alignment of both sequenced

strands (sense and antisense) using CAP3 software, available at http://

asparagin.cenargen.embrapa.br/phph/.

Evolutionary analysis

Phylogenetic analysis. Initially, the nine sequences obtained in this

work were genotyped by phylogenetic reconstructions using reference

sequences from each HBV genotype obtained from GenBank (n5139)

(data available upon request). After genotyping, another dataset was

constructed comprising a range of the most variable sequences of

genotype E in order to obtain the best classification of the Colombian

sequences within this group (n5188). These sequences comprising

partial S/Pol coding regions were aligned using CLUSTAL_X software

(Thompson et al., 1997) and manually edited in the Se–Al software

(available at http://tree.bio.ed.ac.uk/software/seal/). ML phylogenetic

trees were inferred using the GARLi program (Zwickl, 2006), which

employs an extensive branch-swapping protocol and optimizes the

substitution model iteratively during the search. The evolutionary

model of DNA substitution and initial parameters used in GARLi

were estimated by MODELTEST v.3.7 (Posada & Crandall 1998).

We also mapped the nucleotide changes along the ML tree using the

MacClade v.4.7 software (Maddison & Maddison, 2003).

Bayesian analysis

Data preparation. Initially, a large dataset comprising 256 complete

genomes of all HBV genotypes was constructed with sequences obtained

from GenBank (M. V. Alvarado Mora and others, unpublished data).

Since there is evidence of recombination among HBV sequences, we

undertook a detailed search for recombination using the RDP3 program

(Martin, 2009) to exclude potential recombinants from the study. From

this, additional datasets were obtained comprising different genome

regions: (i) 232 sequences of the HBV complete genome without

recombining sequences; (ii) 256 sequences with 1799 nt (without the

recombining region of pre-core/C); (iii) 256 sequences with 834 nt of

the S/Pol region from all genotypes; and (iv) 156 HBV/E sequences with

834 nt of the S/Pol region (datasets available from authors upon

request). In order to estimate the substitution rate for genotype E, an

additional dataset comprising 51 HBV/E sequences containing

information about the sampling date was constructed.

Estimating evolutionary dynamics. The TMRCA in years was

estimated by using the Bayesian Markov Chain Monte Carlo

M. V. Alvarado Mora and others
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approach (MCMC) implemented in BEAST v.1.4.8 (Drummond &

Rambaut, 2007). We first estimated the nucleotide substitution rate

and the TMRCA for HBV/E using the dataset with sampling date

information. Yet, since there is no consensus on the HBV substitution

rate, we also estimated the TMRCA using two other previously

estimated evolutionary rates: (i) the recently estimated rate of

7.761024 substitutions per site per year, also obtained from

Bayesian methodology using the complete genome (Zhou & Holmes

2007), and (ii) a rate of 1.561025 substitutions per site per year, which

is the lowest estimated rate for HBV, and has been used in previous

studies (Simmonds & Midgley, 2005; Hannoun et al., 2005).

To estimate the TMRCA with as much accuracy as possible, we ran

the Bayesian Skyline plot (BSL) under the strict and relaxed

uncorrelated lognormal molecular clock using the best model of

nucleotide substitution (GTR+G+I) obtained in MODELTEST. The

molecular clock that best fitted the data was chosen by Bayes factor

(BF) comparison. Convergence of parameters during the MCMC was

inspected with Tracer v.1.4 (Drummond & Rambaut, 2007), with

uncertainties addressed as 95 % HPD intervals. The number of

generations run that were needed to achieve the convergence of all

parameters (effective sampling size.200) ranged between 10 and 60

million for distinct datasets.

Overall rates of evolutionary change and the TMRCA for HBV/E were

estimated from the dataset with sampling dates. Uniform prior

substitution rates and the relaxed uncorrelated lognormal molecular

clock were used for estimates. The coalescent prior and the nucleotide

substitution model were the same as used for the other HBV datasets.

MCMC runs consisting of 10 million chains (with a 10 % burning)

were undertaken to obtain convergence of parameter estimates.
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& other authors (2006). Molecular and epidemiological character-
istics of blood-borne virus infections among recent immigrants in
Spain. J Med Virol 78, 1599–1608.

van Steenbergen, J. E., Niesters, H. G., Op de Coul, E. L., van
Doornum, G. J., Osterhaus, A. D., Leentvaar-Kuijpers, A., Coutinho,
R. A. & van den Hoek, J. A. (2002). Molecular epidemiology of
hepatitis B virus in Amsterdam 1992–1997. J Med Virol 66, 159–165.

Vray, M., Debonne, J. M., Sire, J. M., Tran, N., Chevalier, B., Plantier,
J. C., Fall, F., Vernet, G., Simon, F. & Mb, P. S. (2006). Molecular
epidemiology of hepatitis B virus in Dakar, Senegal. J Med Virol 78,
329–334.

Zaaijer, H. L., Bouter, S. & Boot, H. J. (2008). Substitution rate of the
hepatitis B virus surface gene. J Viral Hepat 15, 239–245.

Zhou, Y. & Holmes, E. C. (2007). Bayesian estimates of the
evolutionary rate and age of hepatitis B virus. J Mol Evol 65, 197–205.

Zwickl, D. J. (2006). Genetic algorithm approaches for the phylogenetic
analysis of large biological sequence datasets under the maximum
likelihood criterion. PhD thesis, The University of Texas at Austin.

M. V. Alvarado Mora and others

508 Journal of General Virology 91



Infection, Genetics and Evolution 11 (2011) 103–108
Molecular characterization of the Hepatitis B virus genotypes in Colombia:
A Bayesian inference on the genotype F

Mónica Viviana Alvarado Mora a,*, Camila Malta Romano b, Michele Soares Gomes-Gouvêa a,
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A B S T R A C T

Hepatitis B is a worldwide health problem affecting about 2 billion people and more than 350 million are

chronic carriers of the virus. Nine HBV genotypes (A to I) have been described. The geographical

distribution of HBV genotypes is not completely understood due to the limited number of samples from

some parts of the world. One such example is Colombia, in which few studies have described the HBV

genotypes. In this study, we characterized HBV genotypes in 143 HBsAg-positive volunteer blood donors

from Colombia. A fragment of 1306 bp partially comprising HBsAg and the DNA polymerase coding

regions (S/POL) was amplified and sequenced. Bayesian phylogenetic analyses were conducted using the

Markov Chain Monte Carlo (MCMC) approach to obtain the maximum clade credibility (MCC) tree using

BEAST v.1.5.3. Of all samples, 68 were positive and 52 were successfully sequenced. Genotype F was the

most prevalent in this population (77%) – subgenotypes F3 (75%) and F1b (2%). Genotype G (7.7%) and

subgenotype A2 (15.3%) were also found. Genotype G sequence analysis suggests distinct introductions

of this genotype in the country. Furthermore, we estimated the time of the most recent common ancestor

(TMRCA) for each HBV/F subgenotype and also for Colombian F3 sequences using two different datasets:

(i) 77 sequences comprising 1306 bp of S/POL region and (ii) 283 sequences comprising 681 bp of S/POL

region. We also used two other previously estimated evolutionary rates: (i) 2.60 � 10�4 s/s/y and (ii)

1.5 � 10�5 s/s/y. Here we report the HBV genotypes circulating in Colombia and estimated the TMRCA

for the four different subgenotypes of genotype F.

� 2010 Elsevier B.V. All rights reserved.
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1. Introduction

Hepatitis B virus (HBV) infection is a severe global health
problem affecting 2 billion people worldwide and 350 million are
suffering from chronic HBV infection (Chudy et al., 2006). A genetic
classification based on the comparison of complete HBV genomes
has identified eight genotypes, A through H (Mahtab et al., 2008).
The distribution of HBV genotypes is geographically restricted.
Genotype A is found mainly in northern and western Europe, North
America, and Africa. Genotypes B and C are prevalent in South-east
Asia and the Far East (Mahtab et al., 2008). Genotype D is
predominant in the Mediterranean basin, the Middle East, and
Central Asia. Genotype E is by far the most prevalent genotype in
western and central Africa (Kramvis and Kew, 2007). HBV/E has not
* Corresponding author at: Depto Gastroenterologia, Faculdade de Medicina,

Universidade de São Paulo, Av. Dr. Enéas de Carvalho Aguiar, 500 segundo andar,

Prédio IMT 2, São Paulo, SP, Brazil. Tel.: +55 11 30618218; fax: +55 11 30645932.

E-mail address: monica.viviana@usp.br (M.V. Alvarado Mora).

1567-1348/$ – see front matter � 2010 Elsevier B.V. All rights reserved.

doi:10.1016/j.meegid.2010.10.003
been found outside Africa, except for a few rare cases mostly in
individuals with an African background. However, recent reports
have described the presence of this genotype in a specific
community in Colombia (Alvarado Mora et al., 2010) and in the
north of India (Singh et al., 2009). Genotypes F and H are prevalent
in the Amerindian population and Central America, respectively
(Arauz-Ruiz et al., 2002; Magnius and Norder, 1995). Recently,
phylogenetic and distance analyses characterized a new genotype,
designated as genotype I, in Vietnam and Laos (Yu et al., 2010).

Hepatitis B virus genotype G (HBV/G) is characterized by the
presence of a unique 36 bp insertion located downstream of the
core gene start codon and by mutations in the pre-C region (Kato
et al., 2002). The origin of genotype G is still unknown (Lindh,
2005), and despite its apparent low prevalence in the world, it was
reported in many countries in Europe (De Maddalena et al., 2007;
Jardi et al., 2008; Lacombe et al., 2006; Vieth et al., 2002) and in the
Americas (Alvarado-Esquivel et al., 2006; Bhat et al., 1990;
Bottecchia et al., 2008; Chu et al., 2003; Osioy and Giles, 2003;
Sanchez et al., 2007). Genotype G has also been reported in other
places, namely Nigeria (Olinger et al., 2006), Vietnam (Toan et al.,

http://dx.doi.org/10.1016/j.meegid.2010.10.003
mailto:monica.viviana@usp.br
http://www.sciencedirect.com/science/journal/15671348
http://dx.doi.org/10.1016/j.meegid.2010.10.003
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Fig. 1. Geographic locations of cities where blood samples were collected.

M.V. Alvarado Mora et al. / Infection, Genetics and Evolution 11 (2011) 103–108104
2006), Japan (Shibayama et al., 2005), and Thailand (Suwannakarn
et al., 2005). A high prevalence of genotype G has been reported in
patients with the Acquired Immune Deficiency Syndrome (AIDS)
(Alvarado-Esquivel et al., 2006; Perez-Olmeda et al., 2003),
particularly in men who have sex with men (MSM) (Bottecchia
et al., 2008; Chu et al., 2003). Finally, many studies have reported
its transmission together with genotypes A (Kato et al., 2002) and H
(Sanchez et al., 2007) through co-infected patients. Nevertheless,
HBV/G monoinfection has also been reported (Alvarado-Esquivel
et al., 2006; Pas et al., 2008).

Genotype A has been found in seven genetically distinct
subgenotypes (A1 to A7) (Hubschen et al., 2010): A1 in Africa and
Asia (Bowyer et al., 1997); A2 in northern Europe, the United
States, and the Arctic, including Alaska and Greenland (Chu et al.,
2003; Fung and Lok, 2004; Langer et al., 1997; Norder et al., 2004);
A3 in Cameroon and Gabon (Hannoun et al., 2005); A4 in Gambia
(Hannoun et al., 2005; Olinger et al., 2006); A5 was in Nigeria and
African descendents in Haiti (Andernach et al., 2009); A6
subgenotype in African-Belgian patients from Congo and Rwanda
(Pourkarim et al., 2010); and the recently identified A7 in Rwanda
and Cameroon (Hubschen et al., 2010).

HBV genotype F was primarily found in indigenous populations
from South America and is divided into four subgenotypes (F1 to
F4), which present a genetic divergence of around 4.3–6.1%
(Devesa et al., 2008). The subgenotype F1 was found in Alaska,
Argentina, and Bolivia. F2 is prevalent in Venezuela and Brazil,
where it is associated with fulminant hepatitis in patients
coinfected with HDV. Subgenotype F3 was found in Venezuela,
Colombia, and Panama, and is also associated with fulminant
hepatitis in co-infections with the hepatitis delta virus in these
regions. F4 was reported in Argentina and Bolivia (McMahon,
2009).

Central and South America display marked differences in terms
of Hepatitis B genotypes distribution and Colombia is the
geographic connection between these two regions. Subgenotype
F3 was reported in blood donors from Bogotá and Bucaramanga in
a previous study (Devesa et al., 2008).

The aim of this study was to characterize HBV genotypes
distribution in samples from 143 blood donors from five different
regions in Colombia collected between 2003 and 2007. Further-
more, Bayesian analyses were performed to estimate the time of
the most recent common ancestor (TMRCA) of the four HBV/F
subgenotypes.

2. Materials and methods

2.1. Genotyping analysis

2.1.1. Study population

To evaluate HBV genotypes distribution in blood donors from
Colombia, 143 positive samples for the Hepatitis B virus surface
antigen (HBsAg) were obtained from sera stored at �20 8C in the
Banco Nacional de Sangre de la Cruz Roja Colombiana, Colombia,
between 2003 and 2007. These samples were collected at five
different places: Bogotá (n = 116), Bucaramanga (n = 1), Huila
(n = 8), Nariño (n = 11), and Boyacá (n = 7) (Fig. 1).

2.1.2. HBV DNA amplification: S and S/POL regions

HBV DNA extraction was carried out from 100 ml of sera for
each sample using the acid guanidinium thiocyanate/phenol/
chloroform method (Chomczynski and Sacchi, 1987). To avoid
false-positive results, strict procedures for nucleic acid amplifica-
tion diagnostic techniques were followed (Kwok and Higuchi,
1989). Samples were first amplified with the primers described by
Sitnik et al. (2004) in order to obtain a 416 base pairs (bp) fragment
partially covering the HBsAg coding region (S) and to confirm the
presence of HBV-DNA in the sample. To characterize HBV
genotypes, a fragment of 1306 bp partially comprising HBsAg
and the DNA polymerase coding regions (S/POL) was amplified by
nested PCR using the primers PS3132F/2920R and PS3201F/
P1285R.

2.1.3. HBV sequencing

The amplified DNA was purified using ChargeSwitch1PCR Clean-
Up Kit. Sequencing was performed in an ABI Prism1 377 Automatic
Sequencer (Applied Biosystems, Foster City, CA, USA), based on the
protocol described by Sanger et al. (1977), using dideoxy nucleotide
triphosphates (ddNTPs) containing fluorescent markers (Big Dye1

Terminator v3.1 Cycle Sequencing Ready Reaction kit – Applied
Biosystems, Foster City, CA, USA). The quality of each electrophero-
gram was evaluated using the Phred-Phrap software (Ewing and
Green, 1998) and consensus sequences were obtained by alignment
of both sequenced strands (sense and antisense) using CAP3
software available at the web page Electropherogram quality analysis

Phred (http://asparagin.cenargen.embrapa.br/phph/).

2.2. Evolutionary analysis

2.2.1. Phylogenetic analysis

Sequences were genotyped by phylogenetic reconstructions
using reference sequences from each HBV genotype obtained from
GenBank (n = 301). These sequences comprised partial HBsAg and
DNA polymerase coding regions (S/POL). They were aligned using
Clustal X software (Thompson et al., 1997) and edited with the SE-
AL software (available at http://tree.bio.ed.ac.uk/software/seal/).
To perform the phylogenetic analysis, the missing nucleotides
were coded as ‘‘missing characters’’ in nexus block. Bayesian
phylogenetic analyses were conducted using the Markov Chain
Monte Carlo (MCMC) simulation implemented in BEAST v.1.5.3
(Drummond and Rambaut, 2007) and 10 million generations were
sufficient to obtain the convergence of parameters. The maximum
clade credibility (MCC) tree was obtained by summarizing the
10,000 substitution trees and then it was removed 10% of burn-in
using Tree Annotator v.1.5.3 (Drummond and Rambaut, 2007).

http://asparagin.cenargen.embrapa.br/phph/
http://tree.bio.ed.ac.uk/software/seal/
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Fig. 2. The maximum clade credibility (MCC) tree was estimated by Bayesian

analysis of 301 S/POL sequences with 1306 bp of Hepatitis B virus strains. The

posterior probabilities of the key nodes are depicted above the respective nodes.

Samples obtained from Colombian blood donors (n = 34) were analyzed together
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2.2.2. Genotype F Bayesian analyses

Genotype F Bayesian analyses were performed to estimate the
time of the most recent common ancestor (TMRCA) of the four
HBV/F subgenotypes. This information led us to make inferences
about the oldest and also the most recently emerged HBV/F
subgenotype. To estimate the TMRCA of the four F subgenotypes,
we constructed two datasets containing only genotype F
sequences. To obtain the best possible estimates, we built the
first dataset with 77 HBV/F sequences comprising 1306 bp of the
S/POL region (the 31 Colombian sequences and other 46 from the
GenBank). The second and larger dataset was built with 283 HBV/F
sequences (the 31 Colombian sequences and other 252 from the
GenBank) with the partial S/POL sequence (681 bp). Furthermore,
since there is not a consensus on the HBV substitution rate, we
estimated the TMRCA using two previously estimated evolutionary
rates: (i) 2.60 � 10�4 s/s/y obtained from Bayesian approaches
using the non-recombinant region of HBV (Zhou and Holmes,
2007) and (ii) the lower estimated rate for HBV 1.5 � 10�5 s/s/y
that has been used in other studies (Alvarado Mora et al., 2010;
Hannoun et al., 2005; Okamoto et al., 1987; Orito et al., 1989;
Simmonds and Midgley, 2005).

TMRCA in years was estimated using MCMC implemented in
BEAST v.1.5.3 (Drummond and Rambaut, 2007). Bayesian Skyline
plot (BSL) was applied under strict and relaxed uncorrelated
lognormal molecular clock using the best model of nucleotide
substitution (GTR + G + I) obtained in MODELTEST (Posada and
Crandall, 1998). The molecular clock that best fitted the data was
chosen by Bayes factor (BF) comparison. Ten million MCMC runs
were sufficient to achieve the convergence of all parameters
(effective sampling size >200). The convergence was inspected in
Tracer v1.4 (Drummond and Rambaut, 2007), with uncertainties
addressed as 95% HPD intervals.

3. Results

3.1. Phylogenetic analysis

Of the 143 HBsAg-positive samples, 68 were positive by nested
PCR for the S fragment (416 bp) and 31 among them were also
positive for the S/POL region. Among the remaining 37 samples
positive for the S fragment, good quality sequences were obtained
in only 21 of them, allowing classifying them as subgenotype F3.
Nevertheless, these shorter sequences were removed for further
analysis because a good phylogenetic signal was not obtained with
them.

A phylogenetic tree constructed with the 1306 bp sequences
partially comprising HBsAg and DNA polymerase coding regions
(S/POL) (n = 301) is shown in Fig. 2. The phylogeny showed that
subgenotype F3 (adw4) was most prevalent in this population: 39
(75%) out of 52 sample sequences clustered together with F3
reference sequences. Genotypes G (adw2) (4–7.7%), A2 (adw2)
(8–15.3%), and F1b (adw4) (1–2%) were also found in this popu-
lation. The Colombian sequences were deposited in the GenBank
database under accession numbers HM467737–HM467788.

3.2. Genotype F Bayesian analyses

Because substitution rates ranged among 10�4 to 10�5, a huge
variation of TMRCAs was found for HBV/F and for each F
subgenotype when using the two different previously estimated
substitution rates 2.6 � 10�4 and 1.5 � 10�5 per site per year
with other worldwide strains. Black full rhombuses identify the sequences

generated in this study. Genotype B (n = 31), genotype C (n = 28), genotype D

(n = 33), genotype E (n = 11), genotype H (n = 13), and genotype I (n = 6) branches

were collapsed. Also, the subgenotypes A1 (n = 28), A3, A4, and A5 (n = 11), A6

(n = 2), F2a (n = 5), F2b (n = 6), and F4 (n = 6) branches were collapsed.



Table 1
Substitution rates and TMRCA for human HBV/F sequences. TMRCA was calculated

using two different substitution rates (2.6�10�4 and 1.5�10�5 substitutions per

site per year).

Dataset genotype F HBV TMRCA (years; 95% HPD)

2.6�10�4 1.5�10�5

77 sequences of HBV S/POL region with 1306 bp

Genotype F 150.9 (73.1–250.2) 2418.4 (1136.8–3993.6)

F1 56.8 (28.3–93.4) 958.6 (490.9–1518.5)

F2 73.8 (31.6–131.1) 1136.3 (487.9–1922)

F3 118.6 (60.6–194.4) 1903.9 (1025–3003.6)

F3 Colombia 60 (35.7–89.2) 1005.1 (631.3–1450.5)

F4 39.3 (16.8–63.6) 677.3 (312.3–1060.5)

283 sequences of HBV S/POL region with 681 bp

Genotype F 96 (28.9–361.6) 1713.94 (573.3–3325.29)

F1 37.1 (14.8–66.8) 759.75 (244–1684.34)

F2 39.8 (12.7–93.5) 659.42 (222.7–1406.4)

F3 73.1 (22.2–151.2) 1299.9 (416.2–2667.4)

F3 Colombia 22.9 (11.5–37.6) 412.56 (215.6–677.56)

F4 19.1 (9.9–31.5) 354 (171.4–622.5)
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(Table 1). The estimates in Table 1 correspond to the values
obtained from the best-fit molecular clock chosen by Bayes Factor
comparison. The relaxed uncorrelated lognormal was the best
molecular clock for the four HBV datasets. Therefore, little
variation among estimates under distinct clock models was
detected (Table 1 and Tables S1.A/S1.B in supplementary material).

4. Discussion

4.1. HBV genotypes in Colombia

Phylogenetic analysis showed that subgenotype F3 is the most
common among Colombian blood donors (75%), followed by A2
(15.3%), G (7.7%) and F1b (2%).

Genotype F has been described as the indigenous representative
of the virus in the Americas, since it is almost exclusively found in
several Amerindian groups (Di Lello et al., 2009). HBV/F3 has
mostly been found in Panamá (Norder et al., 2003) and in countries
in the northern region of South America, i.e., Venezuela (Nakano
et al., 2001) and Colombia (Devesa et al., 2008; Norder et al., 1994).
In Colombia, subgenotype F3 was previously reported in Bogotá
and Bucaramanga and in the Yucpa population from Venezuela
(Devesa et al., 2008). In Venezuela, subgenotypes F1, F2, and F3
circulate among Amerindian tribes located in the East and West
regions of this country (Devesa et al., 2008).

The four samples of genotype G were obtained from men aged
between 37 and 56 years. Despite the association of this genotype
with MSM, we were not able to infer the route of infection, as
information on sexual behavior was not available for these
individuals. The phylogenies also showed that these sequences
were not closely related to each other, which suggests that
different lineages of genotype G are circulating in Colombia. Also,
because Colombian genotype G did not produce a single cluster,
we may argue that these sequences result from distinct
introductions in the country (Fig. 2). Additionally, using MEGA
4.0 (Kumar et al., 2008) it was determined the mean distance
between and within the different countries (groups) that reported
the presence of the genotype G (Tables S2.A/S2.B of supplemen-
tary material). These results support this hypothesis, i.e., the mean
distance between and within groups of HBV sequences genotype
G in the maximum clade credibility (MCC) tree were similar from
genotype G sequences from Colombia and from sequences
obtained in other countries throughout the world (France, USA,
Japan, Thailand, Germany and Italy). Curiously, the only country
from where HBV genotype G showed higher mean distance values
between and within groups was Brazil, where one of the
sequences was more distinct than the other ones. The authors
that described this sequence hypothesized that it may represent a
recombinant virus between genotypes A and G (Bottecchia et al.,
2008). Another explanation is that it may represent a sequence
composed of the sum of the sequences of these two genotypes co-
infecting a particular patient.

A2 was the second most frequent subgenotype in the
Colombian population studied herein. This subgenotype is found
in Europe, the United States, and the Arctic, including Alaska and
Greenland (Chu et al., 2003; Fung and Lok, 2004; Langer et al.,
1997; Norder et al., 2004). In addition, in England, where this
subgenotype was the most frequent in acute Hepatitis B cases, it
was found that drug use and homosexual transmission were
equally implicated as risks factors to infection by subgenotype A2
(Sloan et al., 2009). In the Netherlands, a cluster related to MSM in
patients with acute Hepatitis B was also identified (van Steenber-
gen et al., 2002). Subgenotype A2 was also reported in Spanish
patients (Echevarria et al., 2005) but the sequences are too short to
be considered in our analysis.

Subgenotype A2 sequences from Colombian patients shared the
same mutations found in other subgenotype A2 sequences
described so far: (1) in all Colombian sequences, we confirmed
the presence of Valine at position 209 in the S region while the
other A subgenotypes (A1, A3, A4, A5, A6, and A7) had Leucine at
this position; (2) Ser207 was confirmed in all Colombian sequences
while the other subgenotypes had Asn207; and (3) Ala194 was also
found in all Colombian sequences.

Because only few longer sequences of HBV/A2 are available in
the GenBank, we cannot make inferences about its origin in the
country. Since in Colombia there was a huge European migration
through the time of colonization, it is possible that subgenotype A2
entry was during this time. Coalescent studies comparing
sequences from Colombian patients with sequences from other
countries should be done to elucidate the origin of this
subgenotype in Colombian patients.

4.2. HBV/F and its subgenotypes

By using the Bayesian analyses it was possible to make
inferences about the time the different HBV/F subgenotypes
emerged. We used all genotype F sequences available in the
GenBank and applied a coalescent-based approach. Because there
is no consensus about HBV evolutionary rate, it was difficult to
estimate the TMRCA for this virus assuming a single rate. Thus, we
decided to use two previously published substitution rates
commonly used in other studies (Simmonds and Midgley, 2005;
Zhou and Holmes, 2007). This method was also used previously to
estimate the overall substitution rate of HBVs using different
datasets (Alvarado Mora et al., 2010; Hannoun et al., 2005;
Simmonds and Midgley, 2005; Zhou and Holmes, 2007).

Genotype F has been divided into the four subgenotypes F1, F2,
F3, and F4 (Devesa et al., 2004, 2008; Huy et al., 2006; Kato et al.,
2005; Norder et al., 2003; von Meltzer et al., 2008) but the origin of
its geographic distribution is still unclear. However, determination
of the TMRCA of each subgenotype is possible, as different strains
from many countries (predominantly of Central and South
America, where they are more prevalent) have been sequenced
in previous studies (Arauz-Ruiz et al., 2002; Huy et al., 2006;
Nakano et al., 2001; Naumann et al., 1993; Norder et al., 1994,
2003; Pineiro y Leone et al., 2003).

Although the median TMRCA varied among the distinct HBV/F
subgenotypes, the overlapping among all upper and lower 95% HPD
did not allow us to make robust inferences about the order of their
origins. The median TMRCA of the subgenotypes F1 and F2 was very
similar for both datasets, which may suggest that they appeared
almost simultaneously (Table 1). Although different clades of these
subgenotypes (F1a, F1b, F1c, F1d and F2a, F2b) have been described,
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there are still a few numbers of reported sequences that do not allow
determination of the TMRCA for each one with confidence.

The subgenotype F1a is prevalent in Central America, having
been reported in Costa Rica and El Salvador (Arauz-Ruiz et al.,
2002), whereas subgenotype F1b is prevalent in South America.
The latter has been described in Argentina (Alestig et al., 2001),
Chile (Di Lello et al., 2009), and now in Colombia. The subgenotype
F1b was also found to be more prevalent among Alaska Native
people presenting chronic HBV infection (Livingston et al., 2007).
The presence of a unique F1b sequence in the samples is an
indication that the sequence was introduced most likely by an
immigrant from a place where this subgenotype was prevalent.
Although we found only one F1b sequence in our study, it is
possible that other circulating strains exist in the population but
they may have a low prevalence.

We also analyzed the amino acid substitutions in the HBV
genome that characterize subgenotypes F1 to F4. In a previous
study, it was shown that genotypes F and H appear to have
emerged from a common ancestral virus (Arauz-Ruiz et al., 2002),
and that these two genotypes originated from Central and South
American Indians (Campos et al., 2005). Devesa et al. (2008) also
described specific amino acid motifs for each subgenotype and also
showed that no specific motif could distinguish North and Central
American clades of genotype F.

We observed that subgenotype F3 presents only three amino
acid substitutions in the genome: S gene (Glu2) and POL gene
(Glu359 and Thr607) that were different from other HBV/F
subgenotypes. These three substitutions are found in the genotype
H. Differently, the subgenotype F4 presents three other amino acid
substitutions (I110, N466, and A607) that were only found in this
subgenotype and were not similar to any substitutions found in
genotype H. This finding suggests that the genotype H is more
related to the subgenotype F3 than the F4. However, because only a
few sequences of genotype H (Flichman et al., 2009) are available,
it was not possible to estimate its TMRCA.

5. Conclusions

In conclusion, we reported the characterization of the HBV
genotypes circulating in Colombia and found that the subgenotype
F3 is the most prevalent. Subgenotypes G (7.7%), A2 (15.3%), and
F1b (2%) were also found. Genotype G sequence analysis suggests
distinct introductions of this genotype in the country. Finally, the
amino acid pattern found among the distinct subgenotypes F and
genotype H suggests that the HBV/F3 is more related to the
genotype H.
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ABSTRACT 

Background: The Brazilian population is mainly descendant from European colonizers, Africans 

and Amerindians. Some Afro-descendants lived in small isolated communities since the slavery 

period. The epidemiological status of HBV infection in Quilombos communities from northeast of 

Brazil remains unknown. The aim of this study was to characterize the HBV genotypes circulating 

inside a Quilombo isolated community from Maranhão State, Brazil. Methods: Seventy-two 

samples from Frechal Quilombo community were collected. All serum samples were screened by 

enzyme-linked immunosorbent assays for the presence of hepatitis B surface antigen (HBsAg). 

HBsAg positive samples were submitted to DNA extraction and a fragment of 1306bp partially 

comprising HBsAg and polymerase coding regions (S/POL) of HBV genome was amplified and 

sequenced. Viral isolates were genotyped by phylogenetic analysis using reference sequences from 

each genotype using BEAST v.1.5.3 (n=320). Results:  Of the 72 individuals, 9 (12.5%) were 

HBsAg-positive and 4 of them were successfully sequenced for the 1306bp fragment. All these 

samples were genotype A1 and grouped together with other sequences reported from Brazil. 
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Conclusions: The present study represents the first report on the HBV genotypes characterization 

of this community in the Maranhão state in Brazil where a high HBsAg frequency it was found. We 

reported a high frequency of HBV infection and the exclusive presence of subgenotype A1 in an 

Afro-descendent community in Maranhão, Brazil.  

INTRODUCTION 

It is estimated that two billion people have 

been infected with Hepatitis B virus (HBV) 

and that more than 350 million are chronic 

carriers of this virus. HBV strains have 

distinct geographical distribution and are 

traditionally classified into nine genotypes, A 

to I, on basis of genome diversity [1]. 

Genotype A is found mainly in North America 

and Africa and has been found in seven 

genetically distinct subgenotypes (A1 to A7) 

[2]. Genotypes B and C are prevalent in 

Southeast Asia and the Far East.  Genotype 

D has a worldwide distribution and is found 

predominantly in the Mediterranean region 

and Central Asia. Genotypes E and F are 

prevalent in West Africa and in the 

Amerindian population, respectively [3]. In 

addition, genotype G has been reported 

prevalent in the USA and France [4] and 

genotype H has been found in North and 

Central America [5]. Recently, by using 

phylogenetic analyses, a new genotype was 

characterized in Vietnam and Laos and 

designated as genotype I [1].  

In Brazil, a wide variation of HBV infection 

prevalence was reported, particularly 

dependent upon the geographical region of 

this country [6]. Genotype A is the most 

prevalent and genotypes B, C, D and F are 

also circulating in the population [7-10]. The 

presence of these genotypes reflects the 

mixture of cultures in the country since 

Brazilian population is descendant mainly 

from African, European and native 

Amerindians [10]. More recently, migrations 

from other world regions, such as Asian 

countries contributed to increase Brazilian 

miscegenation [11]. 

During the slavery period in Brazil (from XVI 

to XIX centuries), some African people 

managed to escape to refuge areas, living 

with others in well hidden places in the 

woods. These places were known as 

Quilombos and they were regions of large 

concentration of runaway-slaves, far from 

urban centers and located in areas with 

difficult access. Their inhabitants generally 

stayed in culturally isolated communities 

without significant additional admixture since 

their establishment. Quilombos were located 

in different Brazilian states around the 

country: Pará (PA), Maranhão (MA), Alagoas 

(AL), Pernambuco (PE), Bahia (BA), Goiás 
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(GO), Mato Grosso do Sul (MS), Minas 

Gerais (MG), Rio de Janeiro (RJ) and São 

Paulo (SP) 

(http://pt.wikipedia.org/wiki/Quilombo, 

accessed at 11/01/2011). 

The quilombo Frechal is located in the 

municipality of Mirinzal, at the region of lower 

western Maranhão State, Brazil (Figure 1). 

The Frechal community was founded in the 

late XVIII century and was devoted to sugar 

production till the XIX century. The Frechal 

community is one of the oldest and most 

important Quilombos located in Maranhão 

State(http://www.cpisp.org.br/comunidades/h

tml/brasil/ma/ma_comunidades_frechal.html, 

accessed at 11/01/2011).  

The aim of this study was to analyze the 

presence of current HBV infection by HBsAg 

and HBV DNA detection in the current 

inhabitants of Frechal community and to 

determine which HBV genotypes are found 

among these cases. 

MATERIAL AND METHODS  

Study Population  

Seventy-two samples were collected from 

inhabitants from Frechal, Maranhão State, 

Brazil (Figure 1). The samples were 

screened for HBsAg using commercially 

available kits (DiaSorin Ltda, Saluggia, Italy). 

HBsAg positive samples were submitted to 

PCR amplification to detect HBV DNA.  

HBV DNA extraction 

Viral nucleic acids (HBV DNA) extraction 

was carried out from 100µl of sera for each 

sample using the acid guanidinium 

thiocyanate / phenol / chloroform method 

[12]. To avoid false-positive results, strict 

procedures for nucleic acid amplification 

diagnostic techniques were followed [13].  

    HBV PCR Amplification 

Samples were first amplified with the primers 

described by Sitnik et al. [8] in order to obtain 

a 416 base pairs (bp) fragment partially 

covering the HBsAg coding region (S) to 

confirm the presence of HBV-DNA in the 

sample. 

To characterize HBV genotypes, a fragment 

of 1306 bp partially comprising HBsAg and 

the polymerase coding regions (S/POL) of 

HBV genome was amplified by nested PCR 

using the primers PS3132F/2920R and 

PS3201F/P1285R [14].   

    HBV Nucleotide Sequencing 

Amplified DNA was purified using 

ChargeSwitch® PCR Clean-Up Kit 

(Invitrogen, São Paulo, Brazil). Sequencing 

was performed in an ABI Prism® 377 

Automatic Sequencer (Applied Biosystems, 
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Foster City, CA, USA), based on the protocol 

described by Sanger et al. [15], using 

dideoxy nucleotide triphosphates (ddNTPs) 

containing fluorescent markers (Big Dye 

Terminator v3.1 Cycle Sequencing Ready 

Reaction kit – Applied Biosystems, Foster 

City, CA, USA).  The quality of each 

electropherogram was evaluated using the 

Phred-Phrap software [16] and consensus 

sequences were obtained by using an 

alignment constructed with CAP3 software 

available at the web page Electropherogram 

quality analysis 

(http://asparagin.cenargen.embrapa.br/phph/

).   

HBV Genotyping Analysis 

To perform evolutionary inferences, 

sequences from Frechal were genotyped by 

phylogenetic reconstructions using reference 

sequences from each HBV genotype 

obtained from the GenBank (n=320). These 

sequences comprised partial HBsAg and 

polymerase coding regions (S/POL) of HBV 

genome. They were aligned using Muscle 

Software [17] and edited with the SE-AL 

software (available at 

http://tree.bio.ed.ac.uk/software/seal/). 

Bayesian phylogenetic analyses were done 

applying Markov Chain Monte Carlo 

simulation using BEAST v.1.5.3 [18], and 10 

million generations were sufficient to obtain 

the convergence of parameters. The 

maximum clade credibility (MCC) tree was 

obtained from summarizing the 10,000 

substitution trees and then it was removed 

10% of burn-in using Tree Annotator v.1.5.3 

[18]. 

RESULTS 

Of the 72 samples, 9 (12.5%) were HBsAg-

positive. Since we did not have access to 

more epidemiological data about this 

population, it was not possible to compare 

HBsAg results with other demographic 

information. Of these nine samples, six were 

positive by nested PCR for the S fragment 

(416 bp) and among them, 4 also amplified 

the S/POL region (1306 bp).  

To perform the phylogenetic analysis, the 

longest fragment available from each sample 

was sequenced and the four samples were 

classified as subgenotype A1 (subtype 

adw2). Interestingly, the four samples 

clustering in a single group but with a low 

posterior probability about 0.10 (Figure 2). 

Sequences were deposed in the GenBank at 

accession numbers: HM772994 - 

HM772997. 

DISCUSSION  

This is the first study that characterized HBV 

genotypes present in an isolated community 

from Maranhão state, Brazil. Since the 
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genotype A1 has been reported as a 

common genotype in African and Brazilian 

populations [7,8,19-23] the four samples 

were compared with others previously 

reported sequences from Quilombos in Brazil 

[23] and Venezuela [24] and with sequences 

from Rio de Janeiro, as in this place there 

was constant slave traffic from Africa that 

was more intense between 1795 to 1811 

[25]. The genotype A1 sequences from 

Quilombos and Rio de Janeiro did not 

assemble in a single group in the tree. These 

results suggest the presence of the different 

A1 strains within the Quilombos populations. 

Since the Quilombos communities present 

few contact with other urban communities, 

these HBV/A1 variants may have come from 

Africa before these groups were created and 

actually the HBV/A1 strains continued to 

evolve in the Afro-descendent population 

after they came to Brazil. However, most 

reported sequences with a long fragment of 

the HBV genome are needed to infer the 

specific dates on the presence of this 

genotype in Quilombos people in Brazil.  

A lot of Afro-descendants live in Bahia in 

Northeast Brazil. The geographic 

distributions of HBV genotypes there are 

showed that genotype A (subtype adw2) is 

the most frequent in according to the ethnic 

background of the population26. It was 

reported a high prevalence of genotype A in 

Bahia but the sequences are shorter to 

perform the phylogenetic analysis together 

with the other ones analyzed in this study. 

Moreover, it is possible that different A1 

variants have different African origin, as 

during the slave trade time, slaves from 

different countries from Africa were mixed on 

the boats and then were sold and distributed 

in different Brazilian regions [27].  

We found that the three sequences from 

Afro-Venezuelan population [24] were 

classified as subgenotype A2 (Figure 3), 

which suggest different origin of HBV strains 

circulating in this population compared with 

African descendants in Brazil. Moreover, a 

specific polymorphism was found in HBV S 

region that distinguish subgenotypes A1 and 

A2 and confirm the HBV classification 

reported in this study. The synonymous 

substitutions at nucleotides in the third-

positions: 201nt (TCC → TCA) Serine [S]; 

222nt (CCC → CCA) Proline [P]; 324nt (TCA 

→ TCG) Serine [S]; 327nt (TCT → TCC) 
Serine [S] and 462nt (TAC → TAT) Tryptofan 

[W] were identified and they confirm the 

results of subgenotype classification (Figure 

3). 

Finally, we found a higher frequency of 

HBsAg in the Frechal population (12.5%). 

Kalunga population, a largest Afro-Brazilian 

isolated community located in Goiás state, 

showed less frequency for HBsAg (1.8% - 
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16/878). The same HBV subgenotype (A1) 

was also found in all the positive samples 

from Goiás [28].  

Another study, with 1058 individuals living in 

12 different isolated Afro-descendant 

communities was carried out in Mato Grosso 

do Sul state and showed that among 1058 

individuals, 23 (2.2%) of them were HBsAg 

positive. The highest prevalence was 

detected in Furnas dos Dionisios community 

(42.4% to anti-HBc and 7.4% to HBsAg) and 

the overall prevalence for HBV infection was 

19.8% [11]. Subgenotype A1 was the most 

frequent in this state, followed by 

subgenotype A2 and genotype D [23]. 

HBsAg frequencies in Afro-Venezuelan 

communities (3.6%) and in rural populations 

from Venezuela were lower than those found 

in Brazilian studies involving Quilombo 

inhabitants (2.2%) [24]. 

In Frechal, seventy-two samples were 

collected and this sample size probably did 

not represent the population but our data 

suggest a high frequency of HBV in this 

community. However, further studies are 

needed to better evaluate the epidemiology 

of hepatitis B in this region. In conclusion, 

HBV subgenotype A1 is found prevalent in 

all African descendant population from South 

America studied so far but interestingly in 

Venezuela, where subgenotype A2 was 

found. 
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FIGURES LEGENDS 

 

 

 

Figure 1 - Geographical localization of the Afro-Brazilian community in Maranhão State – Brazil.  
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Figure 2 - The maximum clade credibility (MCC) tree was estimated by Bayesian analysis of 

320 S/POL sequences with 1306 bp of Hepatitis B virus strains. The posterior probabilities of 

the key nodes are depicted above the respective nodes. Samples HBV/A1 obtained from 

Frechal (n=4, red taxa) were analyzed together with other worldwide strains. The clusters 

containing the strains of others Afro-Brazilian communities previously reported are highlighted 

(Blue taxes). Genotype B (n= 19), genotype C (n=20), genotype D (n=24), genotype E (n=7), 

genotype F (n=25), genotype G (n=4), genotype H (n=6) and genotype I (n=9) branches were 

collapsed. Also, the subgenotypes A2 (n=52), A3, A4, and A5 (n=10), A6 (n=3) and A7 (n=7) 

branches were collapsed.  
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Figure 3 - Multiple alignment of partial HBV/S gene (184 to 468 nt) 

comprising 34 HBV/A1 sequences from Brazil, which are comparing with 

other sequences of subgenotypes HBV/A2 to HBV/A7 previously reported. 

Five positions are indicated ( ) in the figure. 
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Abstract

Background: Hepatitis B virus (HBV) can be classified into nine genotypes (A-I) defined by sequence divergence of
more than 8% based on the complete genome. This study aims to identify the genotypic distribution of HBV in 40
HBsAg-positive patients from Rondônia, Brazil. A fragment of 1306 bp partially comprising surface and polymerase
overlapping genes was amplified by PCR. Amplified DNA was purified and sequenced. Amplified DNA was purified
and sequenced on an ABI PRISM® 377 Automatic Sequencer (Applied Biosystems, Foster City, CA, USA). The
obtained sequences were aligned with reference sequences obtained from the GenBank using Clustal X software
and then edited with Se-Al software. Phylogenetic analyses were conducted by the Markov Chain Monte Carlo
(MCMC) approach using BEAST v.1.5.3.

Results: The subgenotypes distribution was A1 (37.1%), D3 (22.8%), F2a (20.0%), D4 (17.1%) and D2 (2.8%).

Conclusions: These results for the first HBV genotypic characterization in Rondônia state are consistent with other
studies in Brazil, showing the presence of several HBV genotypes that reflects the mixed origin of the population,
involving descendants from Native Americans, Europeans, and Africans.

Background
Human hepatitis B virus (HBV), which is the prototype
member of the family Hepadnaviridae, is a circular, par-
tially double stranded DNA virus of approximately 3200
nt [1]. This highly compact genome contains four major
open reading frames encoding the envelope (preS1, preS2
and surface antigen - HBsAg), polymerase (HBPol) and X
(HBx) proteins [2]. HBV infection is a relevant global
health problem, with 2 billion people infected worldwide,
including 350 million of them suffering from chronic
HBV infection. HBV infection results in 500,000 to 1.2
million deaths per year caused by chronic hepatitis, cir-
rhosis, and hepatocellular carcinoma and is the 10th lead-
ing cause of death worldwide [3]. The mechanisms for
persistent HBV infection are not fully understood, but
they seem to involve several aspects, including genetic
components [4]. The role of genetics components of the
virus and the host in the natural history of hepatitis B

including HBV genotypes and subgenotypes; basal core
promoter and pre core mutations; HBV DNA serum
levels and co-infection with other viruses (particularly
hepatitis C and human immunodefficiency viruses) have
been recently reviewed [5].
HBV has been classified into nine different genotypes,

designated from A to I [6], they that represent genetically
stable viral populations that share a common, separate
evolutionary history. They emerged in specific human
populations and migrated with their hosts to other areas
in the world, leading to their present geographical distri-
bution [7]. Genotype A is distributed globally and is the
main genotype found in Europe, North America, Africa
and India. Genotypes B and C are predominant in East
and Southeast Asia [8]. Genotype D is mainly found in
the Middle East and Mediterranean countries but it has
been reported globally, whereas genotype E seems to be
predominant in western-sub-Saharan Africa [9,10]. HBV/
E has not been found outside Africa, except for a few
rare cases mostly in individuals with an African back-
ground. Nevertheless, it was recently reported the pre-
sence of this genotype in a specific community in
Colombia [11] and in the north of India [12]. Genotype
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G has been characterized in samples from USA, Mexico
and France and appears primarily to be present as a coin-
fection with another HBV genotypes, most commonly
genotype A. Genotypes F and H are found almost exclu-
sively in Central and South America [13,14]. Recently,
HBV genotype I was described in northwestern China,
Vietnam and Laos [6,15,16].
Most genotypes have been divided into subgenotypes

with distinct virological and epidemiological properties.
In addition, recombination among HBV genotypes
increases the viral variability itself [17].
Genotype A is subdivided into seven subgenotypes

(A1 to A7) [18,19]. Isolates belonging to subgroup A1
have been mostly identified in African populations and
their descendants [20-22]. Subgenotype A2 is mainly
found among Europeans, whereas subgenotype A3 has
been identified in Central and West Africa [23,24]. Sub-
genotype A4 was reported in Gambia [18,22] and subge-
notype A5 was reported in Nigeria and among African
descendants in Haiti [25]. Subgenotype A6 includes
strains from African-Belgian patients from Congo and
Rwanda [26] and A7 was found in Rwanda and Camer-
oon [19].
Genotype D was previously divided in 4 subgenotypes

(D1 - D4) [27] found in different continents, spreading
particularly around the Mediterranean Basin to the
Asian continent. New subgenotypes, D5 to D7 were
later described in India [28], Indonesia [29], and in the
Mediterranean Basin [30], respectively.
Genotypes E and G are not subdivided in subgeno-

types [31,32]. Genotypes F and H are the ‘’New World’’
genotypes found in indigenous populations from Alaska
to Central and South America. Genotype F is divided
into 4 subgenotypes: F1-F4. Subgenotypes F1 and F2
have been further divided in F1a, F1b, F2a and F2b
[14,33-35]. Genotype H is very closely related to geno-
type F and was initially thought to be a clade of geno-
type F [13,36].
The state of Rondônia is located in the Southwest of

Brazilian Amazon and borders with other Brazilian
states (Mato Grosso - East, Amazonas - North, Acre -
West) and Bolivia (West and South). Currently, it is not
clear the general prevalence of HBV in Rondônia state.
Katsuragawa et al., [37] found frequencies of 44.5% for
anti-HBc and 6.7% for HBsAg studying the serologic
markers of hepatitis B and C among the inhabitants of
the upper Madeira river, between the localities of Santo
Antonio and Abunã, in the Municipality of Porto Velho,
Rondônia.
In the last Brazilian census, carried out in 2000, there

were 1,380,952 inhabitants in Rondônia State, with the
following ethnic background: European-descendants -
588,568 (42.62%); African-descendants - 63,452 (4.59%);
Asian-descendants - 3,094 (0.22%); mixed - 698,309

(50.56%); Indigenous people - 10,683 (0.77%); not
known - 16,846 (1.22%) [38].
The aims of the present study were to characterize the

HBV genotypes circulating in Rondônia state, Brazil, and
to infer about their origin using phylogenetical analyses
approaches.

Methods
This study was carried out in the state of Rondônia, Bra-
zil (Figure 1) and included 40 serum samples from
patients chronically infected with HBV. Of these
40 patients, 26 (65%) were asymptomatic and 27 (67.5%)
did not have liver cirrhosis. All samples are HBsAg posi-
tive for at least six months, but only 26 (65%) of them
were also HBeAg positive, as previously determined by
routine serological assays during patients follow up.
Patients had between 18 and 60 years old (mean age: 30
years); sex distribution was 28 (69%) men and 12 (31%)
women and all of them were under medical assistance at
the Research Center for Tropical Medicine (CEPEM), in
Rondônia. Indigenous people patients, pregnant women
and patients with other associated chronic diseases were
excluded from the present analysis.
For the viral DNA extraction from 200 μl serum, it

was used QIAamp DNA Mini Kit (Qiagen, Germany)
according to the manufacturer’s standards. The precipi-
tated DNA was resuspended in 200 μl of elution buffer
and stored at -20°C until use.
To avoid false-positive results, strict procedures pro-

posed for nucleic acid amplification diagnostic techni-
ques were followed [39]. Samples were first amplified
with primers previously described [40] in order to get a
416 base pairs (bp) fragment partially covering the
HBsAg coding region (S). A fragment of 1306 bp par-
tially comprising HBsAg and Polymerase coding regions
(S/POL) was then amplified from the samples that had
been positive in the previous step [13].
Amplified DNA was purified using ChargeSwitch®

PCR Clean-Up kit (Invitrogen, São Paulo, Brazil).
Sequencing was performed in an ABI Prism® 377 Auto-
matic Sequencer (Applied Biosystems, Foster City, CA,
USA) [41] using dideoxy nucleoside triphosphates
(ddNTPs) containing fluorescent markers (Big Dye® Ter-
minator v3.1 Cycle Sequencing Ready Reaction kit -
Applied Biosystems, Foster City, CA, USA).
The quality of each electropherogram was evaluated

using the Phred-Phrap software [42,43] and consensus
sequences were obtained by alignment of both
sequenced strands using CAP3 software available at the
web page Eletropherogram quality analysis http://aspara-
gin.cenargen.embrapa.br/phph/.
Initially, sequences obtained in this study were geno-

typed by phylogenetic reconstructions using reference
sequences from each HBV genotype obtained from the
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GenBank (n = 383) (data available upon request). These
sequences comprising partial HBsAg and Polymerase
coding regions (S/POL) were aligned using Clustal X
software [44] and edited in the SE-AL software (avail-
able at http://tree.bio.ed.ac.uk/software/seal/). For the
phylogenetic analysis, the missing nucleotides were
coded as “missing characters” in nexus block. Bayesian
phylogenetic analyses were through by Markov Chain
Monte Carlo simulation implemented in BEAST v.1.5.3
[45] ten million generations were sufficient to obtain the
convergence of parameters. The analyses were per-
formed under relaxed uncorrelated lognormal molecular
clock using the model of nucleotide substitution (GTR
+G+I) obtained previously by Modeltest v3.7 [46]. The
maximum clade credibility (MCC) tree was obtained

from summarizing the 10,000 substitution trees and
then it was removed 10% of burn-in using Tree Annota-
tor v.1.5.3 [45].

Results and Discussion
PCR for the S/POL region (1306 bp) was performed in
all the 40 samples and 35 of them showed positive
results (Figure 2). The HBV genotypes distribution
found was: A (37.1%), D (42.8%), F (20.0%), while up to
the subgenotype level we found A1 (37.1%), D3 (22.8%),
F2a (20.0%), D4 (17.1%) and D2 (2.8%). Sequences were
deposed in the GenBank at accession numbers:
HM101096 - HM101130.
HBV/A1 samples from Rondônia state did not clus-

ter together in a single group in the phylogenetic tree

Figure 1 Geographic location of Rondônia state, Brazil.
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Figure 2 The maximum clade credibility (MCC) tree was estimated by Bayesian analysis of 383 S/POL sequences with 1306 bp of
Hepatitis B virus strains. The posterior probabilities ( > 0.95) of the key nodes are depicted above the respective nodes. The HBV isolates from
Rondônia state are represented in blue and were analyzed together other worldwide strains. The collapsed clades correspond to the other
genotypes of HBV.
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and only few sequences remained close to previously
reported Brazilian sequences. Subgenotypes D3 and
F2a showed the same pattern. These results suggest
that probably several different entries of these HBV
subgenotypes occurred in this state. On the other
hand, genotype D4 sequences clustered in a single
group. Nevertheless, as there are few reported
sequences from this subgenotype [25,47,48], it was not
possible to robustly infer the entry pattern for this
subgenotype.
This is the first study reporting the HBV genotypes in

Rondônia state, Brazil. A molecular characterization of
HBV sequences is important in establishing the evolu-
tionary origins and patterns for viral dispersal. Several
reports previously determined the preponderance of
genotypes A, D and F in South America [40,49-53]. This
finding agrees with the origins of Brazilian population,
which is a mixture of European-descendants, Indigenous
people and African-descendants.
Previous studies have shown that genotype A was the

most frequent in different Brazilian populations
[21,40,53-55]. Recently, this genotype was found in 75%
patients from Rio de Janeiro [56]. Most of these cases
belonged to subgenotype A1, which is the same that was
detected in Rondônia. Genotype A was also found among
HBV carriers in the state of Acre, which borders the state
of Rondônia, in 25 (73.5%) of 34 HBV carriers [57].
Subgenotype A1 was related to the presence of iso-

lated communities of African-descendants, as recently
reported in Mato Grosso do Sul State, Central Brazil
[58]. It is estimated that about 3.5 million Africans
arrived in Brazil in the period between 1551 and 1850
[59]. Currently, there are over 1,000 communities offi-
cially identified as remnants of Quilombo, the Brazilian
name for small isolated communities made from run-
away-slaves where their descendants lived in commu-
nities since the slavery period [58,60]. Most of the
African-descendants currently living in Rondônia came
for the construction of the Madeira-Mamoré Railway, a
hallmark in Rondônia state history, that was built by
many African-descendants workers in the beginning of
twentieth century. Most of them had come from the
Caribbean Barbados in a different context from most of
the slaves that came directly from Africa [61]. Studies
analyzing HBV genotypes in Barbados should be carried
to allow a better comparison among Rondônia and Bar-
bados circulating virus. Based on the phylogenetic analy-
sis, as the different sequences from Rondônia are
interspersed in the tree and clustered together with
other Brazilian sequences (that mostly come from Rio
de Janeiro State), as well as with Haitians sequences in
another branch, we suggest that subgenotype A1 had
different entries in Rondônia, i.e., different viruses were
the founders of this population.

Genotype D predominates in the Mediterranean area
[62]. Subgenotype D1 occurs mostly in the Mediterra-
nean basin and Middle East. D2 has been reported in
India, Japan, Europe and the United States [63]. D3 was
found in South Africa, Brazil, Rwanda, Costa Rica and
the United States. Finally, D4 was reported in Australia,
South Africa, Somalia, Rwanda and Oceania [27,47,48].
In this study, genotype D was prevalent (42.8%) and its
subgenotypes were D2, D3 and D4. Since the number of
sequences obtained for each HBV/D subgenotype found
in Rondônia was small, it was not possible to infer
about the origin for each one.
In all the three states located in Southern Brazil, HBV

genotype D was previously detected: Paraná [64], Santa
Catarina [65] and Rio Grande do Sul [66]. Genotype D is
the most frequent in Southern Brazil, whereas genotype A
is the most frequent in all other regions [67,68]. In Italy,
genotype D is largely the most frequent and is found in 73
to 80% of the patients infected with HBV [69,70]. The Ita-
lian government claimed that there are 25 million Brazi-
lians of Italian ancestry, which would comprise the largest
population with Italian background outside Italy. During
the last quarter of the nineteenth century, several Italians
were stimulated to migrate to Brazil and other countries,
such as Argentina and the United States. Italians migrants
settled down mostly in Southeast (São Paulo state) and
South Brazil (Paraná, Santa Catarina and Rio Grande do
Sul states). South Region inhabitants latter migrate to
Center West and Amazon states, including Rondônia. A
deeper characterization of hepatitis B virus genotypes
found in Southern Brazil is needed to better understand
the migration of hepatitis B virus genotypes in Brazil, par-
ticularly for genotype D.
Genotype F is the most divergent and considered indi-

genous in the Americas. Mello et al. [55] showed that
genotype F had a low prevalence in Brazil. All genotype F
sequences here described belonged to subgenotype F2a,
that it is the same that is found in other Brazilian and
Venezuelan studies [14,55]. This probably is related to
the important native American background in Rondônia
population.

Conclusions
In conclusion, genotypes A, D and F found in Rondônia
reflecting the ethnic background of its inhabitants, i.e.,
mainly descendants from European colonizers, African
slaves, and indigenous people. Further studies should be
carried out to investigate the clinical, virological and thera-
peutical response characteristics of HBV genotypes, using
a large number of samples, including patients representing
Rondônia State population with clinical data to character-
ize their HBV status (carrier, immunotolerancy, acute and
chronic hepatitis, cirrhosis and/or hepatocellular
carcinoma).
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Molecular epidemiological data concerning the
hepatitis B virus (HBV) in Chile are not known
completely. Since the HBV genotype F is the
most prevalent in the country, the goal of this
study was to obtain full HBV genome sequen-
ces from patients infected chronically in order
to determine their subgenotypes and the occur-
rence of resistance-associated mutations.
Twenty-one serum samples from antiviral drug-
naive patients with chronic hepatitis B were
subjected to full-length PCR amplification, and
both strands of the whole genomes were fully
sequenced. Phylogenetic analyses were per-
formed along with reference sequences avail-
able from GenBank (n ¼ 290). The sequences
were aligned using Clustal X and edited in the
SE-AL software. Bayesian phylogenetic analy-
ses were conducted by Markov Chain Monte
Carlo simulations (MCMC) for 10 million gener-
ations in order to obtain the substitution tree
using BEAST. The sequences were also ana-
lyzed for the presence of primary drug resis-
tance mutations using CodonCode Aligner
Software. The phylogenetic analyses indicated
that all sequences were found to be the HBV
subgenotype F1b, clustered into four different
groups, suggesting that diverse lineages of this
subgenotype may be circulating within this
population of Chilean patients. J. Med. Virol.
83:1530–1536, 2011. � 2011 Wiley-Liss, Inc.

KEY WORDS: HBV subgenotype F1b; resis-
tance mutations; Santiago,
Chile

INTRODUCTION

Hepatitis B virus (HBV) infection is a severe global
health problem, with approximately 2 billion people
infected worldwide, and with more than 350 million of
them suffering from chronic hepatitis B (CHB)
[Zuckerman and Zuckerman, 2000; Shepard et al.,
2006]. HBV is a DNA virus of the Hepadnaviridae
family, which contains a genome composed of approxi-
mately 3,200 nucleotides (nt), with four overlapping
but frame-shifted open-reading frames for the P,
preC/C, preS1/preS2/S, and X viral genes [Tiollais
et al., 1981].

Molecular variation and sequence changes in the
HBV genome over time have resulted in the emer-
gence of at least nine genotypes. The HBV genotypes
A to I are classified based on an intergroup divergence
of 8% or more in their nucleotide sequence over the
entire genome [Okamoto et al., 1988; Norder et al.,
1994; Stuyver et al., 2000; Arauz-Ruiz et al., 2002; Yu
et al., 2010]. Genotypes may influence the HBeAg
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Paulo FAPESP; Grant numbers: 07/53457-7; 08/50461-6; Grant
sponsor: CNPq in Brazil.

The authors declare that they have no conflicts of interest.

*Correspondence to: Mauricio Venegas, Sección de Gastroen-
terologı́a, Departamento de Medicina, Hospital Clı́nico Universi-
dad de Chile, Santiago, Chile.
E-mail: mvenegas@redclinicauchile.cl

Accepted 12 May 2011

DOI 10.1002/jmv.22129
Published online in Wiley Online Library
(wileyonlinelibrary.com).

� 2011 WILEY-LISS, INC.



seroconversion rate (related to mutational patterns in
the pre-core and basal core promoter (BCP) regions),
and the severity of liver disease. The differences
encountered in the severity and progression of HBV-
associated liver disease, as well as the response to
anti-viral agents, in different regions of the world are
probably attributed, at least in part, to the different
HBV genotypes [Mahtab et al., 2008].

The natural history of CHB can be described by
several distinct phases. These phases are character-
ized by particular serological, biochemical, and viral
marker patterns, generally accompanied by the
appearance of well-defined viral genomic mutations.
Such mutations include the double A1762T/G1764A
BCP mutation and the G1896A pre-C stop-codon
mutation, often in combination with the G1899A
mutation. Furthermore, additional mutations in the
BCP region that may confer increased replication
efficiency for the virus have also been found [Baumert
et al., 1998; Parekh et al., 2003].

The HBV genotype F (HBV/F) has been identified
as the most prevalent of the HBV genotypes in Cen-
tral and South America, and it is mainly found among
native indigenous people from South America [Devesa
et al., 2008]. Genotype F can be further divided into
four subgenotypes (F1–F4), with a genetic divergence
of 4.3–6.1% [Mcmahon, 2009]. The subgenotype F1a
has been found in Alaska, El Salvador, Guatemala,
Costa Rica, and Nicaragua, whereas the F1b genotype
has been reported in Peru and Argentina. The HBV
subgenotype F2 was found in Venezuela and Brazil,
where it was initially associated with fulminant
hepatitis in patients co-infected with the hepatitis
Delta virus. Subgenotype F3 has been identified in
Venezuela, Colombia, and Panama, and, like the HBV
subgenotype F2, it is also associated with fulminant
hepatitis in these regions. Finally, subgenotype F4
was reported in Argentina and Bolivia [Blitz et al.,
1998; Huy et al., 2006; Devesa et al., 2008; Santos
et al., 2010; Alvarado-Mora et al., 2011].

In a previous study utilizing restriction fragment
length polymorphism (RFLP), the HBV/F was found
to be the most prevalent in Chile (84%), whereas
genotypes A, B, C, and D were found at the frequen-
cies of 3.8%, 3.8%, 6.1%, and 2.3%, respectively
[Venegas et al., 2008]. In the current report, complete
genome sequences of HBV isolates from 21 Chilean
patients infected chronically with HBV/F were
analyzed. The results shown herein identify HBV
subgenotype- and antiviral resistance-associated
substitutions, but no vaccine escape mutations, within
the HBV genomes circulating in Chile.

MATERIALS AND METHODS

Study Population

Serum samples were collected between March 2005
and March 2010 from 21 patients in Chile attending
the Gastroenterology Section, Clinical Hospital,
University of Chile (Santiago, Chile), for routine HBV

DNA detection or quantitation. This laboratory is the
national reference center in Chile for the molecular
diagnostics of viral hepatitis, and it processes samples
from medical centers throughout the country. In the
current study, however, only samples collected
from Santiago Metropolitan Area were included. All of
the patients were anti-HBc and HBsAg positive
(MEIA AxSym, Abbott, North Chicago, IL), and
HBeAgþ/anti-HBe negative, as determined by a com-
mercially available kit from mimiVIDAS (Biomèrieux,
Craponne, France). The viral load was determined
using a COBAS1 TaqMan1 Hepatitis B Virus test
(Roche Molecular Systems, Branchburg, NJ). Viral
genotyping was carried out by polymerase chain
reaction (PCR) and RFLP as previously described
[Venegas et al., 2008]. Chronic infection was defined
by the detection of HBsAg in two serum samples col-
lected at least 6 months apart. Three patients were
co-infected with human immunodeficiency virus (HIV)
(patients HCUCH3, HCUCH15, and HCUCH21),
whereas none of the patients were co-infected with
hepatitis C virus. All of the patients were male and
their age ranged from 10 to 77 years old (mean
age ¼ 46 years). The ethics committee of the Clinical
Hospital, University of Chile, approved this study and
all participating patients signed an informed consent
form. The HBV clinical data and GenBank accession
numbers from the patients are shown in Table I.

HBV Complete Genome Amplification

Viral DNA was extracted from 500 ml of serum
using a High Pure System Viral Nucleic Acid kit
(Roche Molecular Systems). Amplification of the 21
complete HBV genome was carried out as previously
described (P1 and P2 primers) [Günther et al., 1995].

HBV Nucleotide Sequencing

The 3.2 kb PCR products were gel-purified using
the Wizard1 SV Gel and PCR Clean-Up System
kit (Promega, Madison WI). Complete genomes
were sequenced from both strands of the viral DNA
(Macrogen, Inc., Seoul, Korea) using the primers indi-
cated in Table II. Consensus sequences were obtained
by the alignment of both sequenced strands (sense
and anti-sense) using MegAlignTM software from the
DNAStar package (LaserGene, Inc., Madison, WI).

Phylogenetic Analyses

In order to analyze the distribution of the different
HBV/F subgenotypes in the patients, the full sequen-
ces obtained from this study were genotyped by phylo-
genetic reconstructions using complete HBV genome
reference sequences from each genotype retrieved
from Genbank (n ¼ 290). However, since there are
only a few full HBV/F genome sequences, a larger
dataset comprising 111 sequences with 1,278 nucleoti-
des of the S/POL region of all HBV/F subgenotypes
was also constructed with sequences obtained from
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GenBank (datasets available from the authors upon
request). The two datasets of the HBV sequences were
aligned using Clustal X software [Thompson et al.,
1997] and edited in the SE-AL software (available at
http://tree.bio.ed.ac.uk/software/seal/). In order to per-
form the phylogenetic analysis, the missing nucleoti-
des were coded as ‘‘missing characters’’ in the nexus
block. Bayesian phylogenetic analyses were carried
out using Bayesian Markov Chain Monte Carlo simu-
lations implemented in BEAST v.1.5.3 [Drummond
and Rambaut, 2007]. Analysis of the HBV dataset was
performed under relaxed uncorrelated lognormal
and relaxed uncorrelated exponential molecular
clocks using the best model of nucleotide substitution
(GTR þ G þ I) chosen in ModelTest [Posada and
Crandall, 1998], and 10 million generations were suf-
ficient to obtain the convergence of parameters. A
Maximum Clade Credibility (MCC) tree was obtained
from summarizing the 10,000 substitution trees using
Tree Annotator v.1.5.3 [Drummond and Rambaut,
2007].

Detection of Antiviral Resistance Substitutions

The presence of drug resistance substitutions
was determined using CodonCode Aligner Software

v.3.5 (available at http://www.codoncode.com/). This
program includes effective software for sequence as-
sembly, contig editing, and mutation detection. The
results were confirmed by analyzing the sequences
with the SeqHepB program [Yuen et al., 2007]. A
dataset with 290 complete HBV genomes was used to
identify changes in the 21 patients. Firstly, the
mutations associated with HBIg, anti-HBs monoclonal
antibody and vaccination escape were screened
using data reporting 39 relevant mutations in this re-
gion [Sitnik et al., 2004], which included sG145R.
Primary antiviral drug resistance substitutions at the
following positions were then screened: rtI169,
rtL180, rtA181, rtT184, rtS202, rtM204, rtN236, and
rtM250 [Zoulim and Locarnini, 2009]. Secondary (or
compensatory) mutations were also included in the
analysis, such as rtV173, as reported previously
[Delaney et al., 2003; Zoulim and Locarnini, 2009]. In
addition, any HBV subgenotypes were identified
by the presence of specific substitutions at positions
122, 160, 127, and 140 in the S gene. Finally, BCP
and pre-C mutations [Baumert et al., 1998; Parekh
et al., 2003] were identified via sequence comparisons
with other known sequences from different HBV
genotypes.

TABLE II. Primers Used for Sequencing the HBV Genome

Primer name Nucleotide position Sequence (50–30)

SB409 409–432 CAT CCT GCT GCT ATG CCT CAT CTT
SB1174 1174–1195 TGC CAA GTG TTT GCT GAC GCA A
SB1821 1821–1841 TTT TTC ACC TCT GCC TAA TCA
SB2373 2373–2392 GAA GAA CTC CCT CGC CTC GC
SB3010 3010–3031 GCA AAC AAG GTA GGA GTG GGA G
ASB432 432–408 AAG ATG AGG CAT AGC AGC AGG ATG
ASB1195 1195–1174 TTG CGT CAG CAA ACA CTT GGC A
AS1825 1825–1806 AAA AAG TTG CAT GGT GCT GG
ASB2392 2392–2373 GCG AGG CGA GGG AGT TCT TC
ASB3031 3031–3010 CTC CCA CTC CTA CCT TGT TTG C

TABLE I. General Clinical Data of the Samples

Sample ID Age (years)/gender (M/F) Sample date Viral load (cp/ml) GenBank number

HCUCH1 55/M June 1, 2007 >640,000,000 HM585198
HCUCH2 69/M August 19, 2009 >640,000,000 HM585199
HCUCH3 20/M October 7, 2009 22,989,000 HM590474
HCUCH4 10/M July 1, 2008 25,957,200 HM585186
HCUCH5 30/M May 28, 2008 >640,000,000 HM622135
HCUCH6 37/M October 23, 2009 >640,000,000 HM585187
HCUCH7 61/M December 20, 2006 137,352,000 HM585188
HCUCH8 48/M March 15, 2005 >640,000,000 HM585189
HCUCH9 43/M October 23, 2009 >640,000,000 HM585190
HCUCH10 77/M November 2, 2009 >640,000,000 HM585191
HCUCH11 50/M November 20, 2009 >640,000,000 HM585192
HCUCH12 45/M October 7, 2009 >640,000,000 HM585193
HCUCH13 38/M June 12, 2009 3,544,380 HM590471
HCUCH14 67/M March 23, 2007 >640,000,000 HM590473
HCUCH15 48/M December 9, 2009 >640,000,000 HM585200
HCUCH16 72/M December 20, 2007 >640,000,000 HM585194
HCUCH17 45/M March 15, 2010 >640,000,000 HM585195
HCUCH18 52/M February 19, 2010 >640,000,000 HM585196
HCUCH19 14/M February 19, 2010 21,243,000 HM590472
HCUCH20 33/M September 26, 2007 >640,000,000 HM585197
HCUCH21 47/M August 3, 2007 >640,000,000 HM627320
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RESULTS

Phylogenetic Analyses

The phylogenies showed that the 21 HBV/F samples
were from subgenotype F1b (Figs. 1 and 2). The
sequences of the 21 samples from the current study
were grouped into four groups within the F1b cluster
with a higher support. Figure 1 shows the first analy-
sis of complete genomes from HBV/F derived from
Chile, but, unfortunately, due to the insufficient
number of complete genome sequences of HBV/F1b in
GenBank, no further inferences about their distribu-
tion were possible. Figure 2 shows a phylogenetic tree
that was constructed from 1,291 base-pair sequences,
comprising all of the HBV/F subgenotypes. In this
analysis, the 21 sequences from the patients were
compared with other sequences previously reported
from Chile, and from other countries. The phylogenet-
ic analysis showed that these sequences were not

closely related to each other, suggesting that different
lineages of subgenotype F1b are circulating in Chile.
Additionally, because the HBV subgenotype F1b
obtained in this study did not produce a single
cluster, it can be argued that these sequences may
have resulted from separate introductions into the
community.

Detection of Antiviral Resistance Mutations

When the antiviral resistance mutations were ana-
lyzed, one naive patient (HCUCH15) was found to be
infected with an HBV isolate that contained lamivu-
dine (LMV), emtricitabine (FTC), and clevudine (INN)
antiviral resistance-associated substitutions (rtV173L,
rtL180M, and rtM204V). This male patient had the
risk factor of having sex with men, and he was also
co-infected with HIV. Both F and H genotypes have
been described as having T237 and S238. Previously,
P237H and N238T/D substitutions were associated

Fig. 1. The Maximum Clade Credibility (MCC) tree was estimated by a Bayesian analysis of 290
complete genome sequences of hepatitis B virus strains. The posterior probabilities of the key nodes
are shown above the respective nodes. The HBV/F samples obtained from Chile (n ¼ 21, HCUCH)
were analyzed together with other strains from around the world. The clusters containing the strains
of other HBV genotypes collapsed.

Phylogeny of HBV Genotype F in Chile 1533

J. Med. Virol. DOI 10.1002/jmv



Fig. 2. The Maximum Clade Credibility (MCC) tree was estimated by a Bayesian analysis for a
larger dataset comprising 111 sequences with 1,278 nucleotides of the S/POL region of all of the
HBV/F subgenotypes. The posterior probabilities of the key nodes are shown above the respective
nodes. The HBV/F samples obtained from Chile (n ¼ 21, HCUCH) were analyzed together with other
HBV/F strains from around the world.

1534 Venegas et al.

J. Med. Virol. DOI 10.1002/jmv



with resistance to Adefovir [Shaw et al., 2006]. Our
data reinforce the current view that these sites are
highly polymorphic and that the mutations therein
are not related to drug resistance.

HBIg/Anti-HBs Monoclonal/Vaccine-Associated
Changes

All of the samples from Chile were found to be from
the subtype adw4. An analysis of the ‘‘a’’ determinant
of HBsAg revealed that none of the isolates contained
changes that would affect binding to HBIg, the
anti-HBs monoclonal antibody or the vaccination-
associated anti-HBs. Furthermore, examination of the
HCUCH5 sequence showed that it contained a two
amino acid deletion at the Pre-S1 region (codons 46
and 47). No significant changes were observed in any
of the HBV DNA promoter regions. However, sequen-
ces from two patients (HCUCH16 and HCUCH21)
presented BCP mutations: A1762T and G1764A.
Besides this, the sequence from patient HCUCH5 pre-
sented two core promoter mutations: C1768T and
T1770A. Analyses of the nucleotide sequence at posi-
tion 1858 showed the presence of thymine in all
patients. Finally, none of the patients presented the
T1753C mutation or the Pre-C mutations.

DISCUSSION

This is the first study to report a detailed analysis
of complete HBV genomes circulating in a population
in Chile. The phylogenetic analyses presented here
revealed that all of the patients’ sequences were of the
HBV subgenotype F1b. In Chile, only data about HBV
prevalence based on the detection of either surface
antigens (HBsAg) or antibodies against the viral core
protein (anti-HBc) have been published [Pereira et al.,
2008, and references therein]. A recent report, based
on RFLP profiles, showed that genotype F is the most
prevalent genotype [Venegas et al., 2008]. Similar
results were later published by others, based on par-
tial sequencing of the HBV genome [DiLello et al.,
2009]. The sequences obtained in the current study
were compared to sequences previously reported from
Chile, and it was possible to conclude that the HBV/
F1b subgenotype distribution in this country is sug-
gestive of a viral diversification process, since there
are many viral lineages circulating within the popula-
tion. Finally, since many strains are present in the
country, they may have entered at different time
points and/or from different origins. Unfortunately, it
was not possible to estimate the time of the most re-
cent common ancestor (TMRCA) for the subgenotype
F1b in Chile. Since genotype F1b sequences are found
in different and distant countries in the Americas, it
is possible that this genotype was widely distributed
over the continent after its introduction into different
populations.

The two BCP mutations, C1768T and T1770A, both
found in the HCUCH5 isolate, are known to result in
enhanced viral encapsidation and replication. The

effect of these mutations, leading to increased encap-
sidation, is mediated through enhanced core protein
synthesis by the mutant virus [Baumert et al., 1998].

Variability of the HBV genome during the chronic
phase of the disease determines the selection for
viral-resistant strains [Zoulim and Locarnini, 2009].
Several studies have reported mutations in HBsAg
that alter its antigenicity. In previous studies, it was
observed that the LMV resistance mutations,
rtV173L, rtL180M, and rtM204V, resulted in the
reduced binding of antibodies to the neutralization
domain (‘‘a’’ determinant) of the HBsAg [Torresi et al.,
2002; Sloan et al., 2008]. Also, the rtV173L mutation,
which accompanies rtL180M and rtM204V in about
10–20% of cases during LVD use, allows improved
HBV replication fitness [Delaney et al., 2003; Poordad
and Chee, 2010]. Moreover, genotypic resistance to
TDF has been detected in several patients with HIV-
HBV co-infection, and the substitution rtA194T (plus
rtL180M and rtM204V) has been associated with TDF
resistance [Sheldon et al., 2005; Zoulim and Locar-
nini, 2009]. However, the rtA194T mutation was not
found in any of the samples from Chile in the current
study. Reduced sensitivity to TDF has been described
in patients infected with rtA181T/V and tN236T [van-
Bömmel et al., 2010], but neither codon substitutions
were also found. Other rt sequence changes have been
implicated in Adefovir failure, including rtP237H and
rtN238T/D [Shaw et al., 2006]. In this study, it was
found that the genotype F presents T237 and S238
polymorphisms. These polymorphisms are not related
to antiviral resistance. However, since one treatment-
naive patient with HBV antiviral resistance muta-
tions was identified, it is important to elucidate the
occurrence of potential genotypic resistance mutations
in patients before they start antiviral treatment.

In conclusion, this study describes the complete ge-
nomic analysis of HBV/F1b from Chile. This subgeno-
type is also the most common in Argentina and the
description of the different subgenotypes found in
South American countries will help to understand the
spread of this viral variant throughout this continent.
Since so few complete HBV/F genomes have been
reported to date, this analysis also provides a useful
reference point for future molecular epidemiology
studies of HBV in South America.
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F, Núñez M, Mauss S, Lutz T, Klausen G, Locarnini S, Soriano
V. 2005. Selection of hepatitis B virus polymerase mutations in
HIV-coinfected patients treated with tenofovir. Antivir Ther
10:727–734.

Shepard CW, Simard EP, Finelli L, Fiore AE, Bell BP. 2006. Hepati-
tis B virus infection: Epidemiology and vaccination. Epidemiol
Rev 28:112–125.

Sitnik R, Pinho J, Bertolini D, Bernardini A, Silva LD, Carrilho F.
2004. Hepatitis B virus genotypes and precore and core mutants
in Brazilian patients. J Clin Microbiol 42:2455–2460.

Sloan R, Ijaz S, Moore P, Harrison T, Teo C, Tedder R. 2008. Antivi-
ral resistance mutations potentiate hepatitis B virus immune
evasion through disruption of its surface antigen a determinant.
Antivir Ther 13:439–447.

Stuyver L, Gendt SD, Geyt CV, Zoulim F, Fried M, Schinazi R, Ros-
sau R. 2000. A new genotype of hepatitis B virus: Complete ge-
nome and phylogenetic relatedness. J Gen Virol 81:67–74.

Thompson J, Gibson T, Plewniak F, Jeanmougin F, Higgins D. 1997.
The CLUSTAL_X windows interface: Flexible strategies for mul-
tiple sequence alignment aided by quality analysis tools. Nucleic
Acids Res 25:4876–4882.

Tiollais P, Charnay P, Vyas G. 1981. Biology of hepatitis B virus.
Science 213:406–411.

Torresi J, Earnest-Silveira L, Deliyannis G, Edgtton K, Zhuang H,
Locarnini S, Fyfe J, Sozzi T, Jackson D. 2002. Reduced antigenic-
ity of the hepatitis B virus HBsAg protein arising as a conse-
quence of sequence changes in the overlapping polymerase gene
that are selected by lamivudine therapy. Virology 293:305–313.
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CAPÍTULO 2 : O VÍRUS DA HEPATITE C NA AMÉRICA DO SUL 

 

2. 1 Características gerais do vírus da hepatite C  

O vírus da hepatite C (HCV) é classificado dentro da família Flaviviridae, 

embora apresente algumas diferenças importantes em relação a outros vírus da 

mesma família, sobretudo no que diz respeito à organização de seu genoma, 

portanto está classificado no gênero Hepacivirus. Conhecem-se seis genótipos 

filogeneticamente distintos, denominados de HCV-1 até HCV-6, os quais 

chegam a diferir em 30 a 35% de seu genoma. Dentro dos genótipos, foram 

relatados mais de 100 subtipos, os quais se diferenciam entre si de 20 até 25% 

no seu genoma (Cristina & Colina, 2006; Katsoulidou et al., 2006). 

Genótipos 1, 2 e 3 possuem distribuição mundial, enquanto que os 

genótipos 4 a 6 são restritos a áreas distintas (Pasquier et al., 2005). Os 

genótipos são ainda subdivididos em subtipos identificado pelas letras 

minúsculas. Os subtipos 1a, 1b, 2c e 3a são os de maior prevalência mundial e 

se encontram por todas as regiões do mundo. O genótipo 4 é o predominante 

no Egito, Norte e Centro da África e no Oriente Médio; o genótipo 5, na África e 

o genótipo 6, na Indochina (Pasquier et al., 2005). 

Atualmente, é bem estabelecido que a infecção pelo HCV é de 

importância global, constituindo um grave problema de saúde que requer 

amplas e ativas intervenções para a sua prevenção e controle. Estudos 
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prospectivos têm demonstrado que 80% dos casos de hepatite C aguda 

progridem para infecção crônica e 10 a 20% destes desenvolverão 

complicações da doença hepática crônica, como cirrose hepática e/ou 

carcinoma hepatocelular. Se estima que 6,8 a 8,9 milhões de adultos sejam 

anti-HCV positivos na América Latina e uma prevalência de 1,5% nas Américas 

em 2010 (Lavanchy, 2010; Kershenobich et al., 2011).O HCV é um vírus 

envelopado, genoma RNA fita simples, de polaridade positiva, com 

aproximadamente 9.600 nucleotídeos, organizados numa fase de leitura aberta 

(ORF) que codifica para as proteínas estruturais (core, E1 e E2) e  para sete 

proteínas não estruturais (p7, NS2 a NS5b). Nos extremos dessa ORF, 

encontram-se regiões não traduzidas (5`UTR e 3`UTR) que têm função 

importante na regulação da ativação e replicação viral (Cristina & Colina, 2006). 

Cada indivíduo apresenta clara variabilidade genética que está associada 

à baixa fidelidade da enzima RNA polimerase RNA dependente e à alta taxa de 

replicação viral, o que faz com que o vírus possa se adaptar ao hospedeiro. 

Esta variabilidade genética ocorre devido a uma taxa de mutação espontânea 

de 1,5 a 2 x 10-3 substituições de nucleotídeos por sítio por ano (Katsoulidou et 

al., 2006; Pasquier et al., 2005), que é mais evidente nos segmentos genéticos 

que codificam as proteínas E1 e E2, em contraste com o alto nível de 

conservação da região 5`UTR (Lole et al., 2003). 

As proteínas não estruturais do HCV e o RNA viral têm sido detectados 

no fígado de pacientes ou de chimpanzés inoculados experimentalmente, 
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confirmando que o fígado é o lugar de replicação do vírus. Infelizmente, a 

concentração de proteínas e de RNA em tecidos infectados é baixa, gerando 

assim a necessidade de métodos de detecção mais sensíveis (Bartenschlager 

& Lohmann, 2000). 

A análise cuidadosa da dinâmica da replicação viral durante o tratamento 

antiviral com IFN-α revelou a produção de 1012 partículas por dia, sendo a meia 

vida do vírion de 3 a 5 horas (Neumann et al., 1998). Apesar deste número 

elevado, poucos vírus são gerados quando se faz a relação com o número total 

de hepatócitos, i.e., assume-se que aproximadamente 10% dos cerca de 2x1011 

hepatócitos são infectados, o que nos leva a uma taxa de produção de 50 

partículas de vírus por hepatócito por dia (Neumann et al., 1998). 

A infecção na célula hospedeira se inicia com a liberação da fita de RNA 

(+) dentro do citoplasma e tradução da mesma. A poliproteína é processada e 

as proteínas virais permanecem associadas firmemente às membranas do 

reticulo endoplasmático (RE). Uma fita de RNA (-) é sintetizada por uma 

replicase composta por NS3-5B e serve como molde para a produção excessiva 

da fita positiva de RNA. A interação do RNA (+) com as proteínas estruturais 

forma a partícula viral. Estas partículas são envelopadas dento do lúmen do 

retículo endoplasmático e são levadas para fora através do complexo de Golgi 

(Bartenschlager & Lohmann, 2000). 
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2.2 Epidemiologia do HCV na Colômbia 

A infecção pelo HCV é um problema de saúde pública no mundo, sendo 

que ao redor de 3% da população mundial está infectada com este vírus. Os 

indivíduos infectados cronicamente apresentam um risco aumentado de 

desenvolver cirrose e carcinoma hepatocellular (Alter & Seelf, 2000; 

McHutchison & Bacon, 2004).  

As regiões do mundo com as maiores taxas de prevalência estão 

localizadas na África e na Ásia, enquanto as áreas de baixa prevalência 

incluem América do Norte, Europa e Austrália. Na China, já foram relatadas 

prevalências para o HCV de até 9,6% (Zhou et al., 2010). Na América Latina, a 

prevalência do HCV em toda a região é de 1,23% (Te & Jensen, 2010). No 

entanto, esta varia de região para região, de 0,2% - 0,5% no Chile até 1,7% -

3,4% no Nordeste do Brasil (Carrilho & Mendes-Correa, 1998; Soza et al., 

2010; Te & Jensen, 2010).  

As estimativas da prevalência do HCV na Colômbia correspondem aos 

dados coletados na população de doadores de sangue, uma vez que não 

existem estudos publicados da prevalência na população em geral. Dessa 

forma, este estudo é o primeiro trabalho que estuda a prevalência para o HCV 

na população da Colômbia (Alvarado-Mora et al., 2011a).  

Na Colômbia, a triagem para anti-HCV é realizada desde 1991, sendo 

obrigatória desde 1993 (Ministério de la Salud, 1996), o que tem incrementado 
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a cobertura deste teste na maior parte dos bancos de sangue. Em um estudo 

realizado em 2002, encontrou-se que o risco de receber uma transfusão 

infectada pelo HCV na Colômbia era de 0,24 em cada 10.000 doações 

(Schmunis & Cruz, 2005).  

Mais recentemente, outro estudo realizado na Colômbia em 2005 teve 

como objetivo determinar a prevalência de marcadores sorológicos do HCV e 

avaliar os fatores de risco para a infecção pelo HCV nas cidades de Bogotá e 

Medellín. O estudo constatou que 9% (n=45) entre 500 pacientes multi-

transfundidos estavam infectados com este vírus. Na Colômbia, conhecer a 

distribuição dos genótipos do HCV em pacientes politransfundidos pode 

fornecer indicações sobre a epidemia do HCV no país, sendo que a transfusão 

de sangue ainda é o principal fator de risco (Beltran et al., 2005). 

No estudo realizado na população da Colômbia em 2007 (Alvarado-

Mora et al., 2011a), encontrou-se uma prevalência total de 3,55% na 

população estudada, sendo que o estado do Amazonas apresentou as maiores 

taxas de anti-HCV positivo (5,68%). A menor frequência foi encontrada na Ilha 

de San Andrés (0,66%) e níveis intermediários foram encontrados em dois 

outros estados (Magdalena e Amazonas), mas essas diferenças não foram 

estatisticamente significativas (p= 0,107). Considerando os grupos etários, a 

maior frequência de anti-HCV foi encontrada na população entre 26 a 30 anos 

de idade (7,22%), mas esta frequência não foi estatisticamente maior quando 

comparada com os outros intervalos de idade (p = 0,259). 
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Surpreendentemente, apesar de não ter sido encontrada significância 

estatística, a maior prevalência foi encontrada na região do Amazonas da 

Colômbia, sendo que os relatos prévios não tem relatado altas prevalências na 

região amazônica de outros países como Venezuela (Blitz-Dorfman et al., 

1994) e Brasil (De Paula et al., 2001). Estes resultados mostram que a infecção 

pelo HCV é também importante nesta região do país, devendo ser reforçado o 

acompanhamento desta infecção nas diferentes regiões da Colômbia, pois em 

algumas localidades, em especial no estado do Amazonas, o acesso ao 

diagnóstico desta infecção é ainda muito difícil. Na América Central, tem-se 

relatado valores até de 6,3% de prevalência, como é o caso de San Juan de 

Porto Rico em 2001 (Perez et al., 2005). No México, relatou-se prevalência de 

1,2% (Uribe & Mendes-Sanchez, 2002). Na América Latina, o genótipo 1 é o 

mais prevalente (Pujol et al., 1997; Colina et al., 1999, Vega et al., 2001; Viera 

et al., 2011). Entretanto, diferenças na distribuição dos genótipos do HCV têm 

sido observadas dentro do nosso continente, particularmente na região do 

Caribe, onde os genótipos 2 e 4 tem uma frequência importante, diferindo do 

resto da América Latina (Quarleri et al., 2000; San Roman et al., 2002). Na 

figura 2, encontra-se a distribuição atual dos genótipos e subtipos do HCV na 

América Latina. 
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Figura 2 – Distribuição dos genótipos e subtipos do vírus da Hepatite C na 

América Latina. 

 

Na população de 184 doadores de sangue de Bogotá, foi realizada pelo 

nosso grupo a caracterização dos subtipos do HCV, encontrando o subtipo 1b 
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como o mais frequente (82,8%). Da mesma forma, foram encontrados em 

menor frequência os subtipos 1a (5,7%), 2a (5,7%), 2b (2,8%) e 3a (2,8%) 

(Alvarado-Mora et al., 2010g). Embora altas frequências do subtipo 1b entre 

doadores de sangue tenham sido relatadas em outros países da América do 

Sul, como Brasil (Amorim et al., 2004), México (Garcia Montalvo & Macosay-

Castillo, 2007), Chile (Munos et al., 1998) e Peru (Sanchez et al., 2000), o valor 

encontrado na Colômbia (82.8%) foi o mais alto encontrado até o presente 

momento. 

Sendo o subtipo 1b o mais prevalente, foi realizada uma análise que 

procurou determinar a origem e o crescimento deste subtipo na população, 

encontrando que o mesmo está circulando possivelmente na população da 

Colômbia desde 1950. Da mesma forma, foi determinado que esse subtipo 

apresentou sinais de crescimento exponencial desde o final da década de 70 

até começo da década de 90, quando começou uma queda no crescimento da 

infecção viral na população. Os resultados encontrados demonstram que 

possivelmente o fator mais importante da infecção pelo HCV foi a transfusão de 

sangue antes de 1995 quando a prática de doação de sangue voluntaria era 

comum na Colômbia e eram realizadas doações pagas de forma clandestina 

perto dos hospitais públicos. Dessa forma, um estudo mostrou que nessa 

época a população apresentava um alto risco de contaminação com bolsas de 

sangue infectadas pelo HCV (Schmunis & Cruz, 2005). Esses fatores foram 

envolvidos na explosão do subtipo 1b que descrevemos. Finalmente, em 1991, 
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iniciou-se o teste para anti-HCV nos bancos de sangue e, em 1993, este foi 

implementado de forma obrigatória. Dessa forma, observou-se que a partir da 

introdução da triagem de anticorpos do HCV até a presente data a infecção 

pelo HCV, em especial pelo subtipo 1b, está sendo controlada na população da 

Colômbia. 

Finalmente, podemos concluir que a infecção pelo HCV provavelmente 

chegou mais recentemente na capital da Colômbia (Alvarado-Mora et al., 

2010g), quando comparado ao HBV, que se encontra nos povos indígenas 

colombianos. O subtipo 1b é o mais frequente em doadores de sangue, mas 

nossos dados indicam que a triagem nos bancos de sangue sendo eficaz no 

controle desta infecção. Mas ainda persiste a necessidade de melhorar a 

triagem para esta infecção viral em comunidades isoladas, como é o caso 

daquelas que habitam o estado de Amazonas. 
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Hepatitis C virus (HCV) is a frequent cause of
acute and chronic hepatitis and a leading cause
for cirrhosis of the liver and hepatocellular
carcinoma. HCV is classified in six major geno-
types and more than 70 subtypes. In Colombian
blood banks, serum samples were tested for anti-
HCV antibodies using a third-generation ELISA.
The aim of this study was to characterize the viral
sequences in plasma of 184 volunteer blood
donors who attended the ‘‘Banco Nacional de
Sangre de la Cruz Roja Colombiana,’’ Bogotá,
Colombia. Three different HCV genomic regions
were amplified by nested PCR. The first of these
was a segment of 180 bp of the 50UTR region to
confirm the previous diagnosis by ELISA. From
those that were positive to the 50UTR region, two
further segments were amplified for genotyping
and subtyping by phylogenetic analysis: a seg-
ment of 380 bp from the NS5B region; and a
segment of 391 bp from the E1 region. The
distribution of HCV subtypes was: 1b (82.8%), 1a
(5.7%), 2a (5.7%), 2b (2.8%), and 3a (2.8%). By
applying Bayesian Markov chain Monte Carlo
simulation, it was estimated that HCV-1b was
introduced into Bogotá around 1950. Also, this
subtype spread at an exponential rate between
about 1970 to about 1990, after which trans-
mission of HCV was reduced by anti-HCV testing
of this population. Among Colombian blood
donors, HCV genotype 1b is the most frequent
genotype, especially in large urban conglomer-
ates such as Bogotá, as is the case in other South
American countries. J. Med. Virol. 82:1889–
1898, 2010. � 2010 Wiley-Liss, Inc.

KEY WORDS: hepatitis C virus; genotype 1b;
blood donors; Colombia; Baye-
sian analysis

INTRODUCTION

Infection by hepatitis C virus (HCV) is a public health
problem throughout the world and, �3% of the world
population is infected with this virus. This means that
3–4 million individuals are being infected every year.
Individuals infected chronically are at an increased risk
of developing cirrhosis of the liver and hepatocellular
carcinoma [Echevarria and Leon, 2003; Pasquier et al.,
2005; Katsoulidou et al., 2006].

HCV is a positive sense, single-stranded RNA virus
with a genome size of �9,400 bases. It contains a large
open reading frame that encodes a precursor polypro-
tein of about 3,000 amino acids. The virus represents the
genus Hepacivirus of the family Flaviviridae [Ishii et al.,
1999]. The polyprotein precursor is cleaved into at least
10 different proteins: the structural core (C) and
envelope (E1, E2, and p7) proteins, and the nonstruc-
tural proteins (NS2, NS3, NS4A, NS4B, NS5A, and
NS5B) [Suzuki et al., 2007].

Many tests have been evaluated for viral subtyping by
analysis of different regions of the viral genome, such as
50UTR, C, E1, and NS5B. Genotyping methods used
commonly include 50UTR amplification followed by
restriction fragment length polymorphism [Furione
et al., 1999]; hybridization with genotype-specific
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primers [Spada et al., 1998]; or direct nucleotide
sequencing. Nevertheless, these methods cannot estab-
lish HCV subtypes with certainty [Halfon et al., 1997;
Sandres-Saune et al., 2003]. For this purpose, the
sequencing of the NS5B has been standardized and
used for identification of HCV subtypes, as the region
contains subtype-specific motifs, being more appropri-
ate for epidemiological applications [Maertens and
Stuyver, 1997]. Consequently, partial genome sequen-
ces, particularly those from the E1 and NS5B genes, are
used commonly in HCV genotyping, especially when
evolutionary analysis is of interest [Simmonds et al.,
1993; Smith et al., 1997].

The sequencing of HCV isolates has identified 6
genotypes and more than 70 subtypes [Pawlotsky,
2003]. These genotypes differ by 31–34% in their
nucleotide sequence and by 30% in their amino acid
sequence. Accurate HCV genotyping can be used for
predicting response to anti-viral therapy, as genotypes 1
and 4 are less likely to respond to interferon than
genotypes 2 and 3 [Pawlotsky, 2003]. Furthermore,
genotyping is an essential tool for epidemiological
studies, as HCV genotypes vary among geographical
regions [Martell et al., 2004; Cantaloube et al., 2006].

A study done in Colombia in 2005 aimed to determine
the prevalence of HCV serological markers and inves-
tigate the risk factors for this infection in the cities of
Bogotá and Medellı́n. The study found that 45 (9%)
among 500 multi-transfused patients were infected with
this virus. In this study, we aimed to report the current
distribution of HCV genotypes in Bogotá, Colombia.
Knowing the distribution of HCV genotypes in multi-
transfused patients may provide indications on the
course of HCV epidemics, as blood transfusion is still the
main risk factor for HCV infection in Colombia and other
countries [Beltran et al., 2005]. The possible time of
appearance of the most prevalent subtype of HCV in
Colombia was also investigated.

MATERIALS AND METHODS

Genotyping Analysis

Study population. A total of 184 serum samples
considered to be reactive for the presence of anti-HCV
antibodies were obtained from the blood bank of Cruz
Roja Colombiana in Bogotá city, Colombia and stored at
�208C. These samples were tested using a third-
generation ELISA and were collected between 2003
and 2007. Of the 184 volunteer blood donors, 90 were
women (mean age was 40 years) and 94 were men (mean
age was 37; standard deviation 4.45).

HCV RNA extraction. To avoid false-positive
results, rigorous procedures used for nucleic acid
amplification diagnostic techniques were followed
[Kwok and Higuchi, 1989]. HCV-RNA extraction was
carried out from 140ml of serum using QIAamp1 Viral
RNA Kit (QIAGEN, Valencia, CA), following the
manufacturer’s instructions. The synthesis of the
complementary DNA (cDNA) was done immediately
after RNA extraction.

Synthesis of the complementary DNA (cDNA).
Reverse transcriptase reaction was performed using the
Moloney Murine Leukemia Virus Reverse Transcrip-
tase (MMLV-RT) and random primers. The final volume
of the reaction was 60 ml in the following concentrations:
50 mM Tris–HCl (pH 8.3), 75 mM KCl, 3 mM MgCl2,
10 mM DTT, 0.5 mM of each dNTP, 450 ng random
primers, 30 U RNAse enzyme inhibitor (RNase OUTTM),
and 300 U MMLV-RT.

Samples were submitted to the following temperature
cycles: 708C for 10 min, 258C for 15 min, 378C for 60 min,
and 958C for 15 min in a thermocycler (Eppendorf
Mastercycler 1, Eppendorf, Hamburg, Germany).

Polymerase chain reaction (PCR). Polymerase
chain reactions (PCR) were done in two stages to
increase sensitivity.

Three segments of the HCV genome were amplified:
50UTR (180 bp), NS5B (380 bp), and E1 (391 bp). The
50UTR was amplified to detect current viral infection in
anti-HCV-positive samples. NS5B and E1 regions were
amplified for genotyping and evolutionary analysis.
Specific primers used for amplification and amplifica-
tion cycles were as described [Enomoto et al., 1990;
Garson et al., 1990, 1991; Bukh et al., 1993; Sandres-
Saune et al., 2003]. Reactions were done in a final
volume of 50 ml. The cDNA (5 ml) was added to 20 mM
Tris–HCl (pH 8.3), 50 mM KCl, 1.5 mM MgCl2, 0.2 mM
of each dNTP, 0.4 pmol/ml of each primer, and 2.5 U
Platinum Taq DNA polymerase. All the reagents used
were from InvitrogenTM Life Technologies (Carlsbad,
CA).

HCV sequencing. Amplified cDNA was purified
using the ChargeSwitch1 PCR Clean-Up Kit. Sequenc-
ing was done in an ABI Prism1 377 Automatic
Sequencer (Applied Biosystems, Foster City, CA) using
dideoxy nucleoside triphosphates (ddNTPs) containing
fluorescent markers (Big Dye1 Terminator v3.1 Cycle
Sequencing Ready Reaction Kit—Applied Biosystems).
The quality of each electropherogram was evaluated
using the Phred-Phrap software [Ewing et al., 1998;
Ewing and Green, 1998] and consensus sequences were
obtained by alignment of both sequenced strands (sense
and antisense) using the CAP3 software available at the
web page for electropherogram quality analysis (http://
asparagin.cenargen.embrapa.br/phph/).

Evolutionary Analysis

Phylogenetic analysis. For genotyping, sequen-
ces obtained from NS5B and E1 regions were aligned
with other reference sequences available in the Gen-
Bank using Clustal X software [Thompson et al., 1997]
and manually edited using the SE-AL software (avail-
able at: http://tree.bio.ed.ac.uk/software/seal/). Maxi-
mum likelihood (ML) phylogenetic trees of the 212
NS5B sequences and 187 E1 sequences were inferred
using the GARLi program (Genetic Algorithm for Rapid
Likelihood Inference) [Zwickl, 2006], which uses an
extensive branch-swapping protocol that optimizes the
substitution model parameters iteratively during the

J. Med. Virol. DOI 10.1002/jmv

1890 Mora et al.



search. The parameters of the evolutionary model of
DNA substitution were estimated by MODELTEST v.
3.7 [Posada and Crandall, 1998] and were used on
GARLi, which optimized the parameters during
searches. Phylogenetic trees were visualized and mid-
point rooted in FigTree v1.2.2 (http://tree.bio.ed.ac.uk/
software/figtree/). The robustness of the phylogenetic
groups was evaluated by 1,000 bootstrap replicates.

Bayesian analysis. To investigate the demo-
graphic history of hepatitis C in Bogotá, the Bayesian
Markov chain Monte Carlo simulation implemented in
BEAST v.1.4.8 [Drummond and Rambaut, 2007] was
used. The time of the most recent common ancestor
(TMRCA) was estimated using two data sets. The first
data set comprised the 25 Colombian sequences that
clustered together in the maximum a posteriori (MAP)
tree reconstructed with worldwide sequences. As the
coalescent analysis based on a small data set might be
inaccurate, the TMRCA of Colombian viruses was also
estimate using a larger data set (n¼ 88) containing only
sequences from subtype 1b, to ensure that the most
accurate possible parameters were obtained.

Four Colombian sequences clustered together viruses
from other countries in both MAP tree and ML tree,
which means that they do not represent the viruses that
are largely circulating in Colombia. Therefore, since
these sequences do not share the same common ancestor
with the 25 other Colombian viruses, they were excluded
from demographic analysis. The Bayesian Skyline plot
(BSL) was performed under strict and relaxed uncorre-
lated lognormal molecular clock using the best model of
nucleotide substitution (GTRþGþ I) obtained in MOD-
ELTEST. The previously estimated substitution rate
(9.2�10�4 s/s/y) obtained from the NS5B region of HCV-
1b circulating in Brazil [Romano et al., 2010] was used
for Bayesian inference. The molecular clock that best
fitted the data was chosen by Bayes factor (BF)
comparison. In order to describe which demographic
model better explain the data, we performed the
analysis under the Constant, Exponential, Expansion,
and Logistic demographic models. The substitution rate
of 9.2�10�4 s/s/y was used under the strict molecular
clock. Convergence of parameters during both the
Bayesian Markov chain Monte Carlo simulation
(MCMC) and the distinct demographic models analysis
was inspected with Tracer v.1.4 [Drummond and
Rambaut, 2007], with uncertainties addressed as 95%
highest probability density (HPD) intervals. Twenty
million and 50 million generations run were enough to
achieve the convergence of all parameters (effective
sample size (ESS)>200) for the BSL analysis and for the
distinct demographic analysis, respectively.

RESULTS

HCV Amplification

PCR for the 50UTR was positive in 53 out of the 184
anti-HCV-positive samples. Among them, a 380 bp
fragment for the NS5B region was amplified success-
fully in 35 samples. The E1 region from 20 of these

samples was also amplified to confirm the genotype and
the cluster of these samples.

Genotyping Analysis

To analyze the distribution of the different HCV
genotypes in this population, phylogenetic trees were
reconstructed with both NS5B and E1 HCV regions.
Once all sequences were genotyped, the presence of
exclusive mutations in these samples was evaluated and
compared to sequences obtained from the GenBank.
Other sequences were further added to each alignment
of the two regions in order to increase the search for
variants from different HCV genotypes. Finally, 32
50UTR sequences were sequenced to discard the unlikely
possibility of recombination (GenBank accession num-
bers: HCV 50UTR [GQ379738–GQ379769], HCV NS5B
[GQ379770–GQ379804], and HCV E1 [GU220398–
GU220416]).

Phylogenetic analysis: NS5B and E1 regions.
The NS5B phylogenetic analysis was performed with 35
Colombian sequences obtained in this work and also
with reference sequences from GenBank (n¼212). The
subtype 1b was the most prevalent in this population
(29–82.8%), followed by 1a (2–5.7%) and 2a (2–5.7%).
Subtypes 2b and 3a were represented by a single patient
each (1–2.8%). Of the 29 HCV-1b sequences, 25 (86%)
clustered as a single monophyletic group, suggesting
that these viruses represent the main strain circulating
in the population of Bogotá (Fig. 1).

An ML phylogeny for the E1 region using the 19
sequences obtained from Colombian samples and refer-
ence sequences from the GenBank (n¼187) was also
reconstructed. All the six samples from subtypes 1a, 2a,
2b, and 3a, but only 13 out of 29 1b samples, were
amplified successfully and sequenced for E1 region
(Fig. 2). Genotyping was consistent when analyzed by
either NS5B or E1 regions. The E1 topology of the 13
sequences of subtype 1b confirmed the cluster sequences
obtained with the NS5B phylogenetic analysis.

Aminoacid variability. A specific variation was
found in the NS5B region of the Colombian sequences
from subtype 2a (Fig. 3). A substitution of Glutamine
(G)–Alanine (A) to Leucine (L)–Serine (S), is due to the
substitution at nucleotides position 241 (CAG!CTG)
and 242 (GCC!TCC). This LS motif is characteristic of
HCV subtype 2c. However, the other three amino acid
substitutions common for subtype 2c (Threonine [T] at
position 267, Leucine [L] at position 293 and an
Asparagine [N] at position 304) were not found in the
samples here analyzed.

In this study, another amino acid substitution was
found in subtype 2a of our strains. The residue at
position 289 changed from Leucine [L] to Methionine
[M] (Fig. 3). Among all genotype 2 sequences obtained
from GenBank, this mutation was only found in the
subtype 2e.

Additionally, the sequence identity matrix was esti-
mated using BioEdit version 7.0.0 for all NS5B sequen-
ces for genotype 2, and the percentage of similarity
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HCV Characterization in Blood Donors in Colombia 1891



J. Med. Virol. DOI 10.1002/jmv

Fig. 1. Phylogenetic tree of 212 NS5B sequences with 380 bp of hepatitis C virus strains. Samples
obtained from Colombian blood donors (n¼ 35, colored taxa) were analyzed together with other worldwide
strains by maximum likelihood (ML) method. The cluster containing the strains that are mostly circulating
in Colombia is highlighted. Genotype 4 (n¼6), genotype 5 (n¼ 2), and genotype 6 (n¼ 8) branches were
collapsed. Bootstrap values (1,000 replicates) are depicted in the main nodes of the tree.
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between the two Colombian samples of subtype 2a and
the reported sequences of subtype 2e was 84%. Fur-
thermore, the same value of similarity was found when
the sequences were compared to other genotype 2a
sequences from GenBank. Finally, there was no evi-
dence of recombination among the sequences reported in
this study when compared to other genotype 2 sequences
(data available upon request).

Bayesian analysis. The sequences of genotype 1b
here described grouped in a monophyletic cluster in the
MAP tree (Fig. 1, Supplementary Material), correspond-
ing to the viruses largely circulating in Bogotá, and they
coalesce around 1950. The evolutionary analysis per-
formed on samples from this study also suggested that
HCV-1b has been circulating in Bogotá since the 1950s,
with lower and upper values occurring in 1910 and 1974
(Table I). After that, the virus presented signals of
exponential growth from the end of the 70s until the
beginning of the 90s (Fig. 4), when a reduction in the
curve slope was observed. These estimates correspond to
the values obtained under the best-fitted molecular
clock chosen by BF comparison (Table IA and B,
Supplementary Material). The strict molecular clock
best fitted the data set of 25 Colombian viruses, and the
relaxed uncorrelated lognormal was the best molecular
clock for the HCV-1b 88 sequences. Therefore, there was
a slight variation among the parameters estimated
under distinct clock models (Table I). We also did run the
distinct demographic models (Constant, Exponential,
Expansion, and Logistic growth) for the Colombian data
set. Although the BF analysis revealed that any
demographic model could be rejected, the TMRCA
estimated by all models covered essentially the same
range as the obtained by the Bayesian skyline analysis
(see Supplementary Table IC for the detailed statistical
analysis), suggesting that our results are robust.

DISCUSSION

HCV Genotypes Distribution

Similarly to findings in other countries in South
America, HCV-1b prevalence in blood donors from
Colombia found in this study (82.8%) is among the
highest so far described (Table II).

Additionally, subtype 1b is mostly found among
people who have a previous history of blood transfusion.
The high prevalence of this subtype in this population,
even 18 years after implementation of HCV tests in
blood banks, can be explained by the fact that HCV
carrier patients present a long asymptomatic phase and
survive for long periods after infection. Because the
prevalence of other genotypes in Bogotá is far lower than
HCV-1b, it is suggested that this genotype has been
maintained in the population through other trans-
mission routes (intravenous and nasal drug use, sexual
intercourse, vertical transmission, and alternative
routes such as tattoos, body piercing, shared razors,
and acupuncture) [Booth et al., 2001].

Although the NS5B region provides sufficient phylo-
genetic signals to perform the genotyping and subtyping
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Fig. 2. Phylogenetic tree analysis of 187 E1 sequences with 391 bp of
hepatitis C virus strains. Samples obtained from Colombian blood
donors (n¼ 19, colored taxa) were analyzed together with other
worldwide strains by maximum likelihood (ML) method. Genotype 4
(n¼ 6), genotype 5 (n¼2), and genotype 6 (n¼ 8) branches were
collapsed. Bootstrap values (1,000 replicates) are depicted in the main
nodes of the tree.
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Fig. 3. Multiple alignment of partial NS5B region (237–336 aa) comprising 69 strains of all subtypes of
the HCV genotype 2. Aminoacid substitutions exclusive of Colombian viruses from blood donors were
compared to other reported viruses from GenBank. Colombian sequences are in green.
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of HCV, the sequenced segment of the E1 region also
showed a strong phylogenetical signal, as observed in
previous work [Salemi and Vandamme, 2002]. The E1
phylogeny confirmed the genotyping analysis and the
results for recombination analysis while the similarity
matrix also agreed with those obtained for NS5B.
Although insufficient sequences were obtained to eval-
uate the dynamics of other genotypes in the country, the
low frequency of genotypes other than HCV-1b indicates
that this subtype still prevails, at least in Bogotá.

Genotype 1b: Evolutionary Analysis

To analyze the origin and spread of the HCV genotype
1b, several studies have been developed recently. In
Chile [Di Lello et al., 2009], the TMCRA of HCV-1b from
Chilean patients is around 1893. In a small Sicilian town
of Italy, it was also reported that the HCV-1b was
introduced in the late 1940s [Ferraro et al., 2008]. In
Argentina, the TMCRA estimated for HCV-1b ranged
between 1964 and 1979 and revealed that this genotype
arrived recently in that country [Di Lello et al., 2008].
Finally, in Brazil and in the United States the MCRA of
HCV-1b is reported to be between 1880 and 1920
[Nakano et al., 2004; Romano et al., 2010]. Accordingly,
the results from Colombia are similar to those reported
previously for other countries and indicate that the

genotype 1b is slowly spreading throughout South
America. It is important to remember that the viruses
described in this study were obtained from patients
living in Bogotá, which is the capital and largest city of
Colombia. Nevertheless, the estimates obtained in the
present work may not represent the oldest entry of this
virus in Colombia. The evolutionary analysis of Colom-
bian viruses also revealed a growth rate around 0.2,
which is quite similar to that obtained for HCV-1b that
circulates in São Paulo, the largest Brazilian State
[Romano et al., 2010]. Together, the data support the
notion that HCV-1b growth pattern in Bogota may be
similar to those found in other large metropolis.

It is noteworthy that the BSL description recovered
signals of decreasing growth rate at the time of the
implementation of the HCV blood screening tests in
Colombia, in 1991 [WHO, 1991]. In fact, some works
pinpointed the importance of the HCV screening tests in
blood banks to control the spread of the genotype 1b.
Since HCV screening of blood donors was established,
the incidence of post-transfusion hepatitis C has
continued to decline in many countries [Aach et al.,
1991; Schmunis et al., 2001; Schmunis and Cruz, 2005].
In Colombia, it has been shown that after the introduc-
tion of HCV screening tests in blood banks the risk of
infection decreased three times between 1993 and 1995,
before reaching 99% coverage [Beltran et al., 2005],
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TABLE I. Estimated Evolutionary Parameters for Each Data Set Analyzed

NS5B data set
Molecular clock

(best Bayes factor)
TMRCAa

(95% HPD)
ESS for
TMRCA

Colombian (n¼ 25) Strict clock 1950 (1910–1974)b 352
Worldwide (n¼ 88) Relaxed uncorrelated lognormal 1944 (1923–1962)b 315

aTMRCA (time of the most common ancestor is expressed in years).
bThe parameters were obtained by previously estimated substitution rate of 9.2E�4 [Romano et al., 2010].

Fig. 4. Bayesian skyline (BSL) plot obtained from Colombia NS5B region sequences genotype 1b
(n¼ 25). The figure shows the superimposed median values of Ne.g through time. Time is presented
in years, and the size of the effective population time per generation time (Ne.g) is given in a linear scale
with the 95% HPD values shown in blue.
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while after 1995 this reduction was greater than 90%.
These results are most likely due to an increased
sensitivity of the anti-HCV ELISA, with a reduced
window period, leading to a decrease in the transmission
through blood transfusion [Andrade et al., 2006]. Since
1993 the detection of HCV infection in blood banks
increased from >10% to 150% in many Latin American
countries, such as Colombia [Schmunis and Cruz, 2005].

The evolutionary analysis suggested that HCV-1b
entered Colombia around 50 years ago, but started to
grow in the late 1970s, possibly carried by blood
transfusions that became a common practice in Colom-
bia at the end of that decade. Before this period, the
transmission of HCV-1b was possibly maintained
by minor and sporadic practices. Our results agreed

with the notion that the most important risk factor for
HCV infection was the transfusion of blood components
before 1995, when voluntary blood donation was practi-
cally nonexistent in Colombia [Beltran et al., 2005] and
the donors were scaled only to repository donation.
Interestingly, before 1995, the population presented the
highest risk of receiving a blood unit infected with HCV
(74 per 10,000 donors) and also of contracting that
infection (66 per 10,000 donors), as compared to other
countries in Latin America [Schmunis and Cruz, 2005].
Since 1980, other practices have become common in
Colombia, such as replacement donors (�80%) or at a
low level, paid donors [Pan American Health Organ-
ization, 1996]. The practice of paid donors may have
turned into blood donors some individuals who belonged

J. Med. Virol. DOI 10.1002/jmv

TABLE II. Prevalence of HCV Genotypes Among Blood Donors and Other Risk Groups, Reported for Many Countries
of the World

Country Group Genotype Prevalence (%) Refs.

Uzbekistan Blood donors 3a 25.0 Kurbanov et al. [2003]
1b 55.0
2a 10.0

Italy Blood transfusion 1b 66.6 Dal Molin et al. [2002]
1a 13.8
2 13.8

IDUs 1a 42.85
3a 37.6
1b 14.2

Blood donors 1b 50.7 Guadagnino et al. [1997]
2c 44.6

Germany Blood transfusion 1a 51.5 Ross et al. [2000]
1b 42.7
3a 1.9
2a 1.0

IDUs 1a 51.3
1b 11.5
3a 30.8
2a 1.2

China Blood donors 2a 78.6 Liu et al. [2008]
1b 21.4

French Blood donors 1a 20.0 Elghouzzi et al. [2000]
1b 34.3
2 11.4
3a 24.1

Blood donors 1b 61.8 Nousbaum et al. [1995]
Brazil Hemodialysis 1a 65.7 Espirito-Santo et al. [2007]

1b 26.7
3a 7.6

Blood donors 1 60.9 Amorim et al. [2004]
3 39.1

Blood donors 1a 34.3 Martins et al. [1998]
1b 30.0
3a 25.7

México Blood donors 1 43.4 Garcia-Montalvo and Macossay-Castillo [2007]
2 34.7
3 8.6

Chile Blood donors 1b 46.6 Munoz et al. [1998]
Blood transfusion 1b 82.0 Soza et al. [2004]

Peru Blood donors, hemodialysis 1a 74.0 Sanchez et al. [2000]
1b 12.0
3 10.0

Colombia Blood donors 1a 5.7 This work
1b 82.8
2a 5.7
2b 2.8
3a 2.8

The HCV genotype prevalent in each study is in bold and underlined.
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originally to different HCV risk groups. This behavior
may have led to an explosion of genotype 1b in the 1980s
in this population (Fig. 4), which could be controlled only
after the introduction of the ELISA test. However,
further control measures might be needed to control the
spread of other HCV genotypes present in the Colom-
bian population and for which transmission is not
associated with blood transfusions.

This study is the first report of the distribution of HCV
genotypes among blood donors in Colombia. Subtype 1b
was the most prevalent to date, even after HCV trans-
mission control measures have been implemented in
blood banks. Also, it is estimated that HCV emerged in
Bogotá around 59 years ago, which is similar to the time
of HCV-1b entry into many other countries in Latin
America.
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Abstract

Background: Hepatitis C virus (HCV) is an important human pathogen affecting around 3% of the human
population. In Brazil, it is estimated that there are approximately 2 to 3 million HCV chronic carriers. There are few
reports of HCV prevalence in Rondônia State (RO), but it was estimated in 9.7% from 1999 to 2005. The aim of this
study was to characterize HCV genotypes in 58 chronic HCV infected patients from Porto Velho, Rondônia (RO),
Brazil.

Methods: A fragment of 380 bp of NS5B region was amplified by nested PCR for genotyping analysis. Viral
sequences were characterized by phylogenetic analysis using reference sequences obtained from the GenBank (n
= 173). Sequences were aligned using Muscle software and edited in the SE-AL software. Phylogenetic analyses
were conducted using Bayesian Markov chain Monte Carlo simulation (MCMC) to obtain the MCC tree using BEAST
v.1.5.3.

Results: From 58 anti-HCV positive samples, 22 were positive to the NS5B fragment and successfully sequenced.
Genotype 1b was the most prevalent in this population (50%), followed by 1a (27.2%), 2b (13.6%) and 3a (9.0%).

Conclusions: This study is the first report of HCV genotypes from Rondônia State and subtype 1b was found to be
the most prevalent. This subtype is mostly found among people who have a previous history of blood transfusion
but more detailed studies with a larger number of patients are necessary to understand the HCV dynamics in the
population of Rondônia State, Brazil.

Background
Hepatitis C virus (HCV) infects around 170 million
people, 3% of the world population, and is considered
a worldwide public health problem [1,2]. The HCV
genome is a 9.4 Kb single stranded RNA sequence
with two untranslated regions at both ends (5 ‘UTR
and 3’ UTR) [3]. This coding region contains a single
open reading frame encoding a polyprotein of approxi-
mately 3,000 amino acids that originate at least 10
viral gene products (C, E1, E2, p7, NS2, NS3, NS4A,
NS4B, NS5A, NS5B) [4,5].

The virus represents the genus Hepacivirus of the
family Flaviviridae [6] and it is classified into six major
genotypes (1 to 6) and more than 80 subtypes. HCV
genotypes may show extensive subtype diversity in some
regions of the world, representing the spreading of this
epidemic [7,8]. These genotypes differ by 31 to 34% in
their nucleotide sequence and by around 30% in their
amino acid sequence. Accurate HCV genotyping can be
used for predicting response to anti-viral therapy, as
genotypes 1 and 4 are less likely than genotypes 2 and 3
to respond to interferon [9].
Molecular tests are essential for confirmation of per-

sistent HCV infection and to monitor and verify the
success or failure of therapy. The advantages of these
tests include the possibility of early diagnosis in acute
viral infection, diagnosis of infection in patients unable
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to mount antibody response, and confirmation of active
infection [10]. Besides its use for determining the type
or duration of HCV, HCV genotyping is useful epide-
miological studies, as genotypes vary among geographi-
cal regions and among different risk groups [11,12].
Sequencing of the NS5B has been standardized and
used for identification of HCV subtypes, as the region
contains subtype-specific motifs, and it is also appropri-
ate for epidemiological applications [13].
In Brazil, it has been estimated that around 1.5% of

the Brazilian population (> 2.5 million people) is anti-
HCV positive [14,15]. Distribution of cases of chronic
hepatitis C by transmission routes from 1998 to 2006
showed 21% of cases associated with intravenous drug
use and 16% with blood transfusion, but in 40% of cases
there was not any known risk factor [16]. An extensive
review on HCV infection data in Brazil showed the fol-
lowing prevalence in healthy adults and/or blood donors
in the different Brazilian regions: 0.9 to 2.4% (North),
1.7 to 3.4% (Northeast), 1.0 to 1.4% (Middle West), 0.8
to 2.8% (Southeast) and 1.1 to 2.1% (South) [17].
Rondônia (RO) State, in North-Western Brazil, has

characteristics of a highly endemic region for viral hepa-
titis. A study carried out with the local population in
the Madeira River at Porto Velho-RO showed the preva-
lence of hepatitis C reached 7.4% [18]. Ferrari et al. [19]
investigated HCV seroprevalence among Karitiana
Indians living in Rondônia and found that the HCV pre-
valence was 1.7%. According to the Brazilian Ministry of
Health, during the period from 1999 to 2005, 1831 cases
of hepatitis C were confirmed in the North Region and
400 (21.8%) of these cases were from Rondônia [18].
Recently, we reported the genotype distribution of

HBV in Rondônia [20] and the present study is the first
report on HCV distribution in this state. The aim of
this study was to characterize the HCV genotypes circu-
lating in Rondônia State (RO), Brazil.

Methods
Study Population
This study was carried out in the state of Rondônia,
Brazil (Figure 1) and included 58 anti-HCV positive
patients (29 males, 29 females, age ranging from 27 to
85 years old). All patients signed a consent form for this
study. The samples were collected between January 2007
and October 2009 in the Oswaldo Cruz Foundation,
Fiocruz Noroeste, Porto Velho-RO, Brazil. Data on pre-
vious blood transfusion and presence of liver cirrhosis
or fibrosis were obtained from the review of each
patient medical data.

HCV RNA extraction
HCV-RNA extraction was carried out from 140 μL of
serum using QIAamp® Viral RNA Kit (QIAGEN,

Valencia, CA, USA), following the manufacturer’s
instructions. The synthesis of the complementary DNA
(cDNA) was made immediately after the RNA extrac-
tion. To avoid false-positive results, rigorous procedures
proposed for nucleic acid amplification diagnostic tech-
niques were followed [21].

Synthesis of the complementary DNA (cDNA)
The reverse transcriptase reaction was performed using
the enzyme Reverse Transcriptase of Moloney Murine
Leukemia Virus and random primers. The final volume
of the reaction was 60 μL with the following concentra-
tions: 50 mM Tris-HCl (pH = 8.3), 75 mM KCl, 3 mM
MgCl2, 10 mM DTT, 0.5 mM each dNTP (10 mM), 450
ng random primers, 30 units RNAse enzyme inhibitor
(RNase OUT™) and 300 units M-MLV. Samples were
submitted to the following temperature cycles: 70°C for
10 minutes, 25°C for 15 minutes, 37°C for 60 minutes
and 95°C for 15 minutes in a thermocycler (Eppendorf
Mastercycler ®, Eppendorf, Hamburg, Germany).

Polymerase Chain Reaction (PCR)
Polymerase Chain Reactions (PCR) were carried out in
two stages, first and second PCR, aiming to increase the
reaction sensitivity. The NS5B (380 bp) region was
amplified for genotyping analysis. Amplification primers
and cycling conditions are previously described [22,23].
Reactions were carried out in a final volume of 50 μL.
The cDNA (5 μl) was added to 20 mM Tris-HCl (pH =
8.3), 50 mM KCl, 1.5 mM MgCl2, 0.2 mM each dNTP
(10 mM), 0.4 pmol/μL of each primer, and 2.5 units
Platinum Taq DNA polymerase. All the reagents used
were from Invitrogen ™ Life Technologies, Carlsbad,
CA, USA.

HCV sequencing
Amplified cDNA was purified using ChargeSwitch® PCR
Clean-Up Kit. Sequencing was performed in an ABI

Figure 1 Geographical localization of Rondônia state, Brazil.
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Prism® 377 Automatic Sequencer (Applied Biosystems,
Foster City, CA, USA) using dideoxy nucleoside tripho-
sphates (ddNTPs) containing fluorescent markers (Big
Dye® Terminator v3.1 Cycle Sequencing Ready Reaction
kit - Applied Biosystems, Foster City, CA, USA). The
quality of each electropherogram was evaluated using
the Phred-Phrap software [24,25] and consensus
sequences were obtained by alignment of both
sequenced strands (sense and antisense) using CAP3
software available at the web page Eletropherogram
quality analysis http://asparagin.cenargen.embrapa.br/
phph/.

Phylogenetic Analysis
The HCV sequences were genotyped by phylogenetic
reconstructions using reference NS5B sequences from
each HCV subtype obtained from GenBank (n = 173).
The sequences were aligned using Muscle software
[26] and edited in the SE-AL program (available at
http://tree.bio.ed.ac.uk/software/seal/). Phylogenetic
analyses were conducted using the Markov Chain
Monte Carlo (MCMC) simulation implemented in
BEAST v.1.5.3 [27] by both relaxed uncorrelated lognor-
mal and relaxed uncorrelated exponential molecular
clock using the best model of nucleotide substitution
(GTR+G+I) obtained by MODELTEST [28]. Twenty
million generations were run to obtain the conver-
gence of parameters. The maximum clade credibility
(MCC) tree was obtained from summarizing the sub-
stitution trees and then it was removed 10% of burn-in
using Tree Annotator v.1.5.3 [27].

Results and Discussion
Among the 58 positive anti-HCV samples, only 22 were
positive by nested PCR for NS5B region.
After sequencing, the phylogenetic analyses in this

study showed that subtype 1b was the most prevalent in
this population (50%). Also, the subtypes 1a (27.3%), 2b
(13.6%) and 3a (9,0%) were detected in Rondônia State
(Figure 2). Sequences were deposed in GenBank at
accession numbers: HQ630386 - HQ630407.
Several studies were carried out to investigate the

HCV distribution in the different states and different
risk groups in Brazil [29-32]. Campiotto et al., [33]
reported that genotype 1 was the most frequently geno-
type found in all regions of Brazil. Specifically, in the
North region, genotype 1 was the most prevalent in
Amazonas and Acre states (78.0 and 64.3%, respec-
tively), followed by genotype 3. Genotype 2 was only
observed in Amazonas state (7.1%). Also, genotype 1
predominates in the Southeastern Region of Brazil
where the prevalence is around 70% in the states of Rio

de Janeiro and São Paulo [34-36], and 84% in Minas
Gerais [37]. In Salvador, Bahia state, genotype 3 was the
most common genotype (53.3%), followed by genotypes
1 (40%) and 2 (6.7%) but, as the number of positive
cases was small, other studies are necessary to confirm
the high frequency of genotype 3 in Salvador [15].
Another study in Piauí state, Brazil, found 49.0% of sub-
type 3a, 26.0% of subtype 1a, 24.0% of subtype 1b and
1.0% of subtype 2b [38]. Furthermore, subtypes 1a
(34.3%), 1b (30.0%) and 3a (25.7%) were frequently
found in Brazilian blood donors, while 2b was rare, and
2a was not detected [39].
HCV subtypes found in Brazil represent several

independent lineages probably originated from multi-
ple introductions of each subtype into Brazil; analysis
of Brazilian-specific clades provides a more accurate
representation of the population dynamics of HCV in
the country [40]. Furthermore, as Brazil is a large
country with many different population backgrounds,
a large variation in the frequencies of HCV genotypes
is expected throughout its territory. In this study, as
shown in Figure 2, phylogenetic analyses showed that
subtypes 1a and 2b sequences from Rondônia clus-
tered together but subtypes 1b and 3a have a more
heterogeneous distribution along the tree. Since there
are only 22 sequences reported in this study we can-
not make any further inferences about HCV genetic
variability.
Subtype 1b is mostly found among older members of

the population who have a previous history of blood
transfusion [41-43] but in this study the patients did
not report previous blood transfusion. Also, subtype 1b
is associated with a higher rate of chronic active hepa-
titis or cirrhosis, and with a poorer response to treat-
ment with a-interferon than genotypes 2 or 3 [16]. In
this study, all patients were naïve and two subtype 1a
patients, as well as one subtype 1b patient had
cirrhosis.
Genotype 3 has been associated with transmission

through intravenous drug users what could have con-
tributed to a large dissemination of this genotype [44].
The two subtype 3a female patients did not report
previous drug injection and it is possible that this
association is not valid in this region. However,
the present study was not intended to analyze the
association between HCV subtypes and routes of
transmission.
In conclusion, this study is the first report on HCV

genotypes from Rondônia state where subtype 1b was
found to be the most prevalent. There was not any data
from this region previously published. Rondônia state is
one region where the population is growing faster in
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Brazil and it is relevant to analyze its health issues to
allow the early implementation of health policies.
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CAPÍTULO 3: O VÍRUS DA HEPATITE DELTA NA REGIÃO AMAZÔNICA – 

AMÉRICA DO SUL 

 

3.1 Características gerais do vírus da Hepatite Delta 

 

O vírus da Hepatite Delta (HDV) foi descrito em 1977 e está associado à 

co-infecção ou super-infecção com portadores do HBV (Rizzetto et al., 1977). A 

prevalência do HDV varia amplamente dependendo da região geográfica. Em 

algumas regiões do Mediterrâneo, África e Oriente Médio, mais de 24% dos 

portadores do HBV apresentam marcadores para HDV. No entanto, essa 

infecção é pouco comum em países como Estados Unidos da América, onde 

basicamente essa infecção é restrita a grupos de risco como usuários de 

drogas e hemofílicos (Gaeta et al., 2000). No Brasil, o HDV tem sido reportado 

na região da Amazônia Ocidental, onde um grande número de casos de 

infecções agudas e crônicas por este vírus foram descritos (Bensabath et al., 

1983; Bensabath et al., 1987). Nesta região, a porcentagem de portadores de 

HBsAg com anticorpos anti-HDV é 32% (Fonseca et al., 1988; Fonseca, 2002). 

 Estudos genéticos e de sequenciamento do genoma do HDV revelaram 

uma alta heterogeneidade do vírus, o qual gerou uma classificação nos 

genótipos 1, 2 e 3 (Chao et al., 1990; Casey et al., 1993).  O genótipo 2 tem 

sido dividido em subtipos (2a, 2b).  Num estudo recente, usando analises 

filogenéticas incluindo um grande numero de sequências da África sugeriu que 
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existem mais de três genótipos do HDV (Radjef et al., 2004). Cada genótipo do 

HDV tem uma distribuição geográfica diferente e associação com diferentes 

graus de doença do fígado. O genótipo 3 e subtipo 2a são considerados os 

mais patogênicos (Casey et al., 1996).  

 

3.2 Epidemiologia do HDV na América do Sul 

 A infecção pelo HDV está sob controle em países desenvolvidos, 

embora, em países em desenvolvimento, ainda é um grave problemas de saúde 

pública (Braga et al., 2001; de Paula et al., 2001). Especificamente, na região 

da Amazônia Ocidental do Brasil, embora vários centros de referência em 

medicina tropical relatem frequentemente surtos de hepatite aguda e crônica 

pelos HDV/HBV, há uma escassez de estudos clínicos detalhados e 

biomoleculares (dados dos relatórios de vigilância epidemiológica da Secretaria 

de Saúde Pública do Estado do Acre). Em outras regiões amazônicas de outros 

países, os genótipos 1 e 3 prevalecem, mas o genótipo 3 é mais frequente em 

casos de hepatite agudas e crônicas graves.  Estes resultados justificam a 

importância do estudo de genotipagem do HDV porque contribuirão para um 

melhor entendimento da epidemiologia molecular e aspectos clínicos da 

infecção pelo HDV no Brasil. 

Estima-se que dois bilhões de pessoas estão infectadas com o HBV no 

mundo e mais de 350 milhões deles são portadores crônicos deste vírus 

(Lavanchy et al., 2005) e 15 milhões estão co-infectados ou superinfectados 
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pelo vírus da hepatite Delta (HDV) (Hadziyannis et al., 1997). O HDV 

geralmente induz a uma doença grave, mas suas manifestações clínicas são 

muito amplas, que vão desde casos assintomáticos até casos de hepatite 

fulminante (Bonino et al., 1987, Hadziyannis et al., 1991). 

Os genótipos do HDV são divididos em oito grupos distintos: O genótipo 

HDV/1 é o mais comum e é prevalente na Europa, Oriente Médio, América do 

Norte e África do Norte (Makino et al., 1987; Chao et al., 1990; Shakil et al., 

1997); HDV/2 prevalece no Japão (Imazeki et al., 1990), Taiwan (Wu et al., 

1995) e Rússia (Ivaniushina et al., 2001). HDV/3 prevalece na região amazônica 

da América do Sul (Casey et al., 1993); HDV/4 é prevalente no Japão 

(Sakugawa et al., 1999; Watanabe et al., 2003) e Taiwan (Wu et al.,1998) e os 

genótipos HDV/5 ao HDV/8 são encontrados no continente africano (Le Gal et 

al., 2006). 

Na Colômbia, há poucos estudos disponíveis sobre a prevalência do 

HDV, principalmente, mostrando sua associação com os focos hepatite 

fulminante em regiões com endemicidade alta ou intermediária do HBV. No 

estado do Amazonas, altas taxas de prevalência para o anti-HDV foram 

encontrados entre as crianças menores de 4 anos (Espinal et al., 1998). Além 

disso, HDV tem sido descrito há mais de 50 anos na região de Santa Marta 

(estado de Magdalena), no norte da Colômbia (Ljunggren et al., 1985; Buitrago 

et al., 1986). 

No estudo realizado em 2007 (Alvarado-Mora et al., 2011a), cento e 

setenta e três amostras HBsAg ou/e anti-HBc positivas foram testadas para o 
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anti-HDV, sendo encontrados 5,20% (n=9) casos positivos para anti-HDV. Oito 

destas amostras foram provenientes da região do Amazonas e uma amostra 

veio do estado de Magdalena. Da mesma forma, foi caracterizado o genótipo do 

HDV em cinco de sete casos de hepatite fulminante provenientes do Amazonas, 

sendo encontrada a presença do HDV/3 (Alvarado-Mora et al., 2011h). Nesse 

mesmo trabalho, foi estimada a taxa de substituição do HDV/3 em torno de 

1,07x10-3 s/s/y, determinando um ancestral comum mais recente de 85 anos 

para este genótipo. Além disso, foi observado que o HDV/3 apresentou um 

crescimento exponencial entre a década de 50 até os anos 70 no norte da 

América do Sul. Esses resultados estão de acordo com os relatos que 

demonstram a presença do HDV na América do Sul desde 1930 (Ljunggren et 

al., 1985; Buitrago et al., 1986). 

Diferentes razões estão associadas possivelmente com a diminuição 

no crescimento do HDV/3 depois de 1970. Primeiro, é possível associar a alta 

mortalidade causada por hepatite fulminante relatada na década de 80 (Popper 

et al., 1983; Buitrago et al., 1986; Hadler et al., 1992). Em segundo lugar, entre 

1976 e 1979, o Brasil implementou um programa epidemiológico em Sena 

Madureira (Acre) e Boca do Acre (Amazonas) para controlar as infecções pelo 

HBV e HDV (Bensabath et al., 1983). Mas o fato possivelmente mais 

importante associado com a diminuição encontrada na infecção pelo HDV/3 foi 

a introdução dos programas de vacinação contra o HBV. Colômbia e Brasil 

foram os primeiros países a introduzir a vacinação universal contra o HBV na 

América Latina (de la Hoz et al., 2005). No Brasil, a vacinação começou em 
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setembro de 1989 na cidade de Lábrea (AM), onde a infecção era 

predominante e uma redução significativa na frequência do anti-HDV foi 

relatada após a introdução da vacina contra o HBV (Braga et al., 1998; Braga, 

2004). Na Colômbia, no estado de Amazonas, iniciou-se o programa de 

vacinação contra o HBV em 1992. Na Venezuela, especificamente na 

população de Yucpas e Bari na Sierra de Perijea, fronteira com a Colômbia, 

desde metade da década dos 80 se realiza a vacinação entre crianças. Dessa 

forma, os resultados aqui obtidos mostram a importância dos estudos sobre a 

dinâmica do vírus da Hepatite Delta na América do Sul e no resto do mundo, 

nas regiões onde estão circulando os outros genótipos, dos quais ainda não se 

conhece a sua dinâmica nas diferentes populações. 
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A B S T R A C T

Hepatitis delta virus (HDV) is widely distributed and associated with fulminant hepatitis epidemics in

areas with high prevalence of HBV. Several studies performed in the 1980s showed data on HDV

infection in South America, but there are no studies on the viral dynamics of this virus. The aim of this

study was to conduct an evolutionary analysis of hepatitis delta genotype 3 (HDV/3) prevalent in South

America: estimate its nucleotide substitution rate, determine the time of most recent ancestor (TMRCA)

and characterize the epidemic history and evolutionary dynamics. Furthermore, we characterized the

presence of HBV/HDV infection in seven samples collected from patients who died due to fulminant

hepatitis from Amazon region in Colombia and included them in the evolutionary analysis. This is the

first study reporting HBV and HDV sequences from the Amazon region of Colombia. Of the seven

Colombian patients, five were positive for HBV-DNA and HDV-RNA. Of them, two samples were

successfully sequenced for HBV (subgenotypes F3 and F1b) and the five samples HDV positive were

classified as HDV/3. By using all HDV/3 available reference sequences with sampling dates (n = 36), we

estimated the HDV/3 substitution rate in 1.07 � 10�3 substitutions per site per year (s/s/y), which

resulted in a time to the most recent common ancestor (TMRCA) of 85 years. Also, it was determined that

HDV/3 spread exponentially from early 1950s to the 1970s in South America. This work discusses for the

first time the viral dynamics for the HDV/3 circulating in South America. We suggest that the measures

implemented to control HBV transmission resulted in the control of HDV/3 spreading in South America,

especially after the important raise in this infection associated with a huge mortality during the 1950s up

to the 1970s. The differences found among HDV/3 and the other HDV genotypes concerning its diversity

raises the hypothesis of a different origin and/or a different transmission route.

� 2011 Elsevier B.V. All rights reserved.
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1. Introduction

Hepatitis B virus (HBV) infection is one of the leading causes of
acute and chronic hepatitis disease in the world and is also
associated with liver cirrhosis and hepatocellular carcinoma (Fan
et al., 2010). It is estimated that 2 billion people are infected with
HBV, more than 350 millions of them are chronic carriers of this
virus (Lavanchy, 2005) and 15 millions of them are coinfected or
superinfected with HDV (Hadziyannis, 1997). The natural history of
chronic HBV infection appears to exhibit significant geographical
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different behaviors what may be linked to differences in viral, host
and environmental factors (Hadziyannis, 2011).

HBV is classified into nine genotypes (HBV/A to HBV/I) where
each one differs from each other by 7.5–13% at the nucleotide level
(Kramvis et al., 2008; Yu et al., 2010). Specifically, HBV/F and HBV/
H genotypes are the most divergent viral genotypes in relation to
the others and HBV/F is characteristic of indigenous populations
from South America. HBV/F presents high frequency in several
American countries, especially those with Spanish colonization
(Alvarado Mora et al., 2011; Arauz-Ruiz et al., 2002; Devesa et al.,
2004, 2008; Santos et al., 2010), but it is also found in other sites
with Native American population, such as Inuits from Alaska
(Livingston et al., 2007) to the Brazilian Amazon rainforest
(Gomes-Gouvêa et al., 2009). The presence of these genotypes in
the American countries appears to be very antique and much is
speculated about their origin (Alvarado Mora et al., 2011; Blitz
et al., 1998; Livingston et al., 2007).

http://dx.doi.org/10.1016/j.meegid.2011.05.020
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HDV is associated with HBV, as a primary co-infection with HBV
or as a superinfection in an HBV carrier. HDV has a negative-sense
circular RNA genome with about 1700 nucleotides that only
expresses delta antigen (Imazeki et al., 1990). HDV usually induces
a severe disease but its clinical manifestations are very broad,
ranging from asymptomatic cases to fulminant hepatitis (Bonino
et al., 1987; Hadziyannis et al., 1991). The virus is found worldwide
but is not uniformly distributed, as determined by seroprevalence
studies of anti-HD in HBsAg-positive patients (Rizzetto, 2000).
HDV genotypes are classified in eight different groups: genotype 1
is the most common genotype and is prevalent in Europe, Middle
East, North America and North Africa (Chao et al., 1990; Makino
et al., 1987; Shakil et al., 1997); genotype 2 prevails in Japan
(Imazeki et al., 1990), Taiwan (Wu et al., 1995) and Russia
(Ivaniushina et al., 2001); genotype 3 in the Amazon region in
South America (Casey et al., 1993); genotype 4 in Japan (Sakugawa
et al., 1999; Watanabe et al., 2003) and Taiwan (Wu et al., 1998)
and HDV genotypes 5 to 8 prevails in Africa (Le Gal et al., 2006).

In Colombia, few reports are available on HDV prevalence,
mainly showing its association to fulminant hepatitis outbreaks in
regions with intermediate or high HBV endemicity, particularly in
the Amazonas department, where high prevalence rates for anti-
HDV have been found among children younger than 4 years old
(Espinal, 1998). Furthermore, HDV has been described for more
than 50 years in Santa Marta region, in the north of Colombia,
where HBsAg seroprevalence was 4.7% (Ljunggren et al., 1985;
Buitrago et al., 1986). In another paper analyzing different
Colombian regions, HBsAg prevalence was 7.1%, 3.5% and 2.8%
in the Central region, in the Pacific zone and in the Eastern region,
respectively (Prieto and Rojas, 2003). Moreover, in Colombia, HBV
genotype F3 is the most prevalent but genotypes A2, G, E and F1b
were also reported (Alvarado Mora et al., 2010, 2011).

The present study was conducted to obtain insight into the
molecular epidemiology and dynamics of HDV/3 genotype. We
also intended to estimate its nucleotide substitution rate and
the time of most recent ancestor (TMRCA). Also, we verify the
presence of HDV infection among 7 fulminant hepatitis cases of
hepatitis B identified in the Amazon Public Health Laboratory in
Leticia, Amazonas Department, Colombia. This is the first study
reporting HBV and HDV sequences from the Amazon region of
Colombia.

2. Materials and methods

2.1. Study population

Seven HBsAg positive serum samples were collected between
January and December of 2007 in the Amazon Public Health
Laboratory in Leticia city, Amazonas, Colombia and stored at
�70 8C. The age of the patients (five women and two men) ranged
from 17 to 39 years old. These samples came from inhabitants
with fulminant hepatitis from different small villages at the
Amazonas department, in Colombia. This protocol was approved
from Ethical Committees from the Pontificia Universidad Javeri-
ana, Bogotá, Colombia and University of São Paulo Medical School,
São Paulo, Brazil.

2.2. HBV DNA and HDV RNA amplification

To avoid false-positive results, rigorous procedures used for
nucleic acid amplification techniques were followed (Kwok and
Higuchi, 1989). HBV DNA extraction was carried out from 100 mL
of each serum sample using the acid guanidinium thiocyanate/
phenol/chloroform method (Chomczynski and Sacchi, 1987). HDV
RNA was extracted with same methodology from HBV DNA and
dissolved in 10 mL Milli Q water.
Amplification was performed by nested PCR covering a 737 bp
region corresponding to the S gene and a partial fragment of the
polymerase gene. The amplification took place with the primers
described by Sitnik et al. (2004) and Gomes-Gouvêa et al. (2009),
known as FBHS1 (50-GAGTCTAGACTCGTGGTGGACTTC-30; nt 244–
267) and FBHS2 (50-CGTGGTGGACTTCTCTCAATTTTC-30; nt 255–
278), and primers RADE1 (50-TGCRTCAGCAAACACTTGGC-30; nt
1175–1194) and RADE2 (50-TGRCANACYTTCCARTCAATNGG-30; nt
989–970).

For HDV, the partial delta antigen genomic region (403-
nucleotide fragment) it was amplified. For the detection of HDV
RNA, extracted RNA was previously denatured at 95 8C for 5 min
and then 20 mL of the reverse transcriptase was added with the
reverse primer 1302OD. Reaction mix was incubated at 37 8C for
60 min and stopped at 95 8C for 15 min. The amplification of a
region of 403 bp was performed using the protocols described
previously by Casey et al. (1993) and Zhang et al. (1996). The
primers used were: 8531U (50-CGGATGCCCAGGTCGGACC-30; nt
853–871); 1302D (50-GGATTC ACCGACAAGGAGAG-30; nt 1322–
1303); HDV-E (50-GAAGGAAGGCCCTCGAGAACAAGA-30; nt 887–
910) and HDV-A (50-GAGATGCCATGCCGACCCGAAGAG-30; nt
1290–1267).

2.3. HDV and HBV sequencing

Amplified DNA was purified using ChargeSwitch1 PCR Clean-
Up Kit. Sequencing was performed in an ABI Prism1 377 Automatic
Sequencer (Applied Biosystems, Foster City, CA, USA) using
dideoxy nucleotide triphosphates (ddNTPs) containing fluorescent
markers (Big Dye1 Terminator v3.1 Cycle Sequencing Ready Reaction

kit – Applied Biosystems, Foster City, CA, USA).
Quality of each electropherogram was evaluated using the

Phred-Phrap software (Ewing and Green, 1998; Ewing et al., 1998)
and consensus sequences were obtained by alignment of both
sequenced strands (sense and antisense) using CAP3 software on
the web page eletropherogram quality analysis (http://aspara-
gin.cenargen.embrapa.br/phph/).

2.4. Phylogenetic analyses

HBV and HDV sequences were genotyped by phylogenetic
reconstructions using reference sequences from HBV (n = 276) and
HDV genotype (n = 242) obtained from GenBank. Sequences were
aligned and edited using Clustal X (Thompson et al., 1997) and Se-
AL (available at: http://tree.bio.ed.ac.uk/software/seal/) software,
respectively. Bayesian phylogenetic analyses were conducted
using the Markov Chain Monte Carlo (MCMC) simulation
implemented in BEAST v.1.5.3 (Drummond and Rambaut, 2007).
HBV and HDV datasets were analyzed under relaxed uncorrelated
lognormal and relaxed uncorrelated exponential molecular clock
using the best model of nucleotide substitution (GTR + G + I)
chosen in MODELTEST (Posada and Crandall, 1998) and 10 million
generations were sufficient to obtain the convergence of param-
eters. The molecular clock that best fitted the data was chosen by
Bayes factor (BF) comparison. The maximum clade credibility
(MCC) tree was obtained from summarizing the 10,000 substitu-
tion trees after excluding 10% of burn-in using Tree Annotator
v.1.5.3 Drummond and Rambaut, 2007). Phylogenetic trees were
visualized in FigTree v.1.2.2 (available at: http://tree.bio.ed.ac.uk/
software/figtree/).

2.5. Evolutionary analysis for HDV/3

All HDV/3 sequences reported in Genbank and five additional
sequences reported in this study (n = 41) (25 from Brazil, 8 from
Venezuela, 6 from Colombia and 2 from Peru) were analyzed in this

http://asparagin.cenargen.embrapa.br/phph/
http://asparagin.cenargen.embrapa.br/phph/
http://tree.bio.ed.ac.uk/software/seal/
http://tree.bio.ed.ac.uk/software/figtree/
http://tree.bio.ed.ac.uk/software/figtree/


Fig. 1. The(MCC) tree was estimated by Bayesian analysis of 242 hepatitis delta

virus strains. The posterior probabilities of the key nodes are depicted above the
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in green) were analyzed together with other worldwide strains. The Genbank
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paper. The BSL analysis was carried out using all from them, except
5 from Venezuela, as the dates of sample collection were not
available from them. Bayesian Skyline Plot (BSL) was performed
under strict and relaxed uncorrelated lognormal molecular clock
using the best model of nucleotide substitution (GTR + G + I)
obtained in MODELTEST (Posada and Crandall, 1998).

3. Results

3.1. HBV and HDV genotyping

HBV and HDV PCR assays were carried out on the seven
samples that had been previously reported as positive for the
presence of HBsAg by an ELISA test (DiaSorin, Italy). In five of
them, it was possible to amplify the 737 bp fragment of HBV
genome and the 403 bp fragment of HDV genome. Sequencing of
all the amplified fragments was attempted but sequences with
good resolution were obtained for five HDV and two HBV
sequences. The two HBV sequences were typed by phylogenetic
analysis and they belong to genotype F (F1b and F3) (Fig. 1
supplementary material). All HDV sequences were classified as
genotype 3 (Fig. 1). HBV and HDV sequences were deposited at the
GenBank under accession numbers: EU287873–EU287874 and
EU287868–EU287872.

3.2. Evolutionary analysis for HDV/3

We obtained a substitution rate about 1.07 � 10�3 substitution/
site/year (s/s/y) for HDV/3 by running the BSL analysis with the
HDV/3 dataset with sampling dates. The evolutionary analysis
performed only on South American Amazon HDV/3 sequences
(n = 36) suggested that this genotype was circulating in South
America since the 1920s (95% high probability density (HPD) from
1821 to 1974). Furthermore, this genotype presented signals of
exponential growth from the end of the 50s until the end of the 70s
(Fig. 2), where after a reduction in infections was found. These
estimates correspond to the values obtained under the best-fitted
molecular clock chosen by Bayes Factor comparison where the
relaxed uncorrelated exponential was the best molecular clock for
these analyses.

4. Discussion

4.1. HBV/F and HDV/3 co-infection

The two HBV sequences found in this study were classified as
subgenotypes F1b and F3. HBV/F3 was also reported as the most
prevalent in Bogotá, Colombia, followed by genotypes F1b, A2 and
G (Alvarado Mora et al., 2011). In Venezuela, subgenotypes F2 and
F3 were reported in Yucpa indigenous groups (Devesa et al., 2004;
Devesa and Pujol, 2007; Nakano et al., 2001).

All the 5 HDV isolates from Amazonas department, in southern
Colombia were classified as genotype 3. These results agree with
previous data describing that HDV/3 is the only genotype found in
the Peruvian Amazon Basin (Casey et al., 1993) and Western
Brazilian Amazon Basin (Gomes-Gouvêa et al., 2009). There was
just one sequence from Colombia reported formerly (L22061): this
sequence was also HDV genotype 3 and was obtained from one
case from Santa Marta region (Ljunggren et al., 1985). It should be
stressed that the five positive strains for HDV were collected within
the Colombian Amazonas department but not in the same location.
accession number, HDV genotype and geographic origin of each sequence are

indicated in the tree. (For interpretation of the references to color in this figure

legend, the reader is referred to the web version of the article.)



Fig. 2. Bayesian skyline (BSL) plot obtained from South American HDV/3 sequences (n = 36). The figure shows the superimposed median values of Ne.g through time. Time is

presented in years.
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Four out of these five sequences presented a 100% similarity and
they probably represent the commonest strain circulating in this
Colombian region (Fig. 1). A similarity of 100% is not completely
unexpected since it was already reported in Brazil a 100% of
similarity among viruses of patients infected with HDV/3, all of
them probably exposed to the same source of infection (Gomes-
Gouvêa et al., 2009).

Two HDV/3 cases were co-infected with HBV/F3 and HBV/F1b,
respectively. Co-infection of HDV/3 with HBV/F is the most
frequent in the Amazon basin However, co-infection of HDV/3 with
HBV/A and HBV/D was previously reported in the same region in
Brazil (Gomes-Gouvêa et al., 2009). In Venezuela, HDV genotypes 1
and 3 were reported and HDV/1 was associated with HBV/D while
HDV/3 was associated with HBV/F. The founding of HDV/1 in a
Yucpa Indian, that live in Sierra de Perijá, Zulia state, Venezuela,
probably reflects an transmission from European immigrants,
since, in the last century, these Indians have been the ones most in
contact with Amerindians communities (Quintero et al., 2001).

4.2. Substitution rate for HDV/3

The substitution rate estimated (1.07 � 10�3 substitutions per
site per year) in this work for HDV/3 was obtained using Bayesian
approach previously used for other viruses such as HBV, HCV and
GBV-C (Alvarado Mora et al., 2010, 2011; Romano et al., 2008,
2010; Zhou and Holmes, 2007). Other studies previously estimated
similar substitution rate for HDV, even though using very small
number of samples and distinct methods based on analysis of
similarity. The previously estimated evolutionary rates ranged
from 0.59 � 10�3 s/s/y to 3.0 � 10�2, which agrees with the data
obtained in this work (Chao et al., 1990, 1994; Imazeki et al., 1990;
Lee et al., 1992).

Using the sequences obtained from small populations living in
the Amazon region (n = 36), we estimated a TMRCA of about
85 years for the HDV genotype 3 strains circulating in these
populations. Since there are considerable variations on evolution-
ary rates previously reported and different substitution rates can
occur among distinct genotypes of the same virus (Alvarado Mora
et al., 2010, 2011; Romano et al., 2010; Zehender et al., 2008; Zhou
and Holmes, 2007), we did not evaluate the TMRCA for the delta
genotypes other than HDV/3 using the substitution rate estimated
in this study.

4.3. Dynamics of Hepatitis Delta genotype 3 in South America

Our evolutionary results agree with the previous data
supporting that hepatitis delta has been circulating in South
America since early 1930s, involved in many different outbreaks.
The first report probably associated with this agent is known as
‘‘hepatitis de la Sierra Nevada de Santa Marta’’ (Ljunggren et al.,
1985; Buitrago et al., 1986). Another severe hepatitis outbreak
caused by this virus was also observed in the Labrea region on
Purus River, Acre, Brazil and was subsequently named Labrea
hepatitis or black fever (Bensabath and Dias, 1983). Such cases
have been reported since 1934 throughout the Amazon basin (Dias
and Coura, 1985).

The high frequency of HBV, together with the presence of HDV
markers, showed that these viruses represent the etiologic factors of
these diseases. The BSL also support the time of the increased
circulation of HDV in the northern region of South America by
showing an exponential growth between 1950s and 1970s. This
agrees with other studies that reported the presence of HDV
infection since 1950s as an unusual type of hepatitis in the Amazon
region of South America where, severe, often fatal, acute and chronic
type D hepatitis occurs among indigenous people in Brazil, Peru
Venezuela, and Colombia (Gomes-Gouvêa et al., 2009; Bensabath
et al., 1987; Dias and Coura, 1985; Hadler et al., 1992; Popper, 1983).
Coincidentally, the period between 1950 and 1970 coincides with
the years were Brazilian and Colombian population growths reach
their maximum rates (http://www.census.gov/ipc/prod/wp96/
wp96005.pdf). The presence of HDV infection before this time
was much less relevant, probably because these Amazon regions had
a very low number of inhabitants, living in small villages dispersed in
the jungle, with very low contact between them, making difficult the
spreading of this agent. Consequently, the increase in the viral
genetic variability observed in this period may be a consequence of
the increased number of susceptible hosts in this area, as well as the
rate of contact among them.

Different reasons are possibly related to the decrease in HDV
after 1970. First, it is possible to associate the slope down of HDV/3

http://www.census.gov/ipc/prod/wp96/wp96005.pdf
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in the BSL in the end of 1970s to the high mortality caused by
fulminant hepatitis, when HDV/3 infection was common (Buitrago
et al., 1986; Hadler et al., 1992; Popper, 1983). Second, in 1976 and
1979, Brazil implemented an epidemiological program in Sena
Madureira (Acre state) and in Boca do Acre counties (Amazon
state) to control both HBV and HDV infections (Bensabath and Dias,
1983). The most important fact associated with the decrease found
in HDV infection was the introduction of HBV vaccination
programs. Colombia and Brazil were the first countries to
introduce universal vaccination against HBV in Latin America
(de la Hoz et al., 2005). In Brazil, vaccination started in September
1989 in Labrea city, where the infection was prevalent and a
significant reduction in anti-HDV was reported thereafter (Braga
et al., 1998; Braga, 2004). In the Amazon basin, Colombia started
the vaccination program against HBV in 1992. Overall, after 2000,
vaccination was introduced in most Latin American countries
using different vaccination policies (Tambini et al., 1998).
Therefore, it is plausible that the decreasing rate of HBV spread
may be influencing the HDV growth. Unfortunately, since there are
few HBV genotype F sequences reported specifically from the
Amazon region in South America, it was not possible to reconstruct
the BSL for HBV/F of this region.

Finally, it is noteworthy that the first treatment for HDV (IFN-a)
started in the mid 1980s (Rizzetto et al., 1986) and PEG-IFN-a was
implemented for the HDV treatment in 2006 (Erhardt et al., 2006;
Niro et al., 2006). Consequently, the use of effective treatment for
HDV may have had an impact on the HDV/3 spread, but it is hard to
evaluate its impact on populations resident in the Amazon
rainforest.

4.4. HDV/3 vs other HDV genotypes

The topology of the HDV MCC tree showed that HDV/3 is the
most divergent of the 8 HDV genotypes with a high significant
posterior probability. This topology raises different questions in
relation of HDV/3 to the other genotypes: (1) did HDV/3
experience a distinct introduction in the human population? (2)
Is the route of transmission of HDV/3 different from the other
genotypes?

Concerning HDV origin, there are two main non self excluding
hypotheses for it: (1) as HDV shares similarities in terms of genome
structure and mechanisms of replication with plant viroids or
virusoids (Taylor and Pelchat, 2010), it was proposed that it might
have originated from RNA pathogens infectious from the vegetable
world; (2) HDV originated from host mRNA precursors with
ribozyme activity (Taylor and Pelchat, 2010).

Since there are different hypothesis for HDV origin, it will be
interesting to compare sequences from non-coding region of the
several different HDV genotypes to viroids, virusoids and self-
cleaving ribozymes sequences in eukariotyc organisms. The
differences found in the phylogenetic tree between HDV/3 and
the other genotypes raises the hypothesis that this genotype might
have a different origin from the remaining genotypes. Summing up
with its different geographical distribution, we might speculate a
particular event associated to its origin in the Amazon rainforest
(Rizzetto, 1990; Viana et al., 2005).

Concerning the possibility of different routes for each HDV
genotype, in industrialized countries, HDV in risk populations
include illicit drug users and individuals exposed to blood or
blood products (Pascarella and Negro, 2010). This is the case of
Asian countries where HDV/2 and HDV/4 genotypes are found in
intravenous drug addicts with HBV infection (Wedemeyer and
Manns, 2010). HDV generally is not considered a typically
sexually transmitted disease but in countries such as Taiwan
this route is the predominant way of transmission (Liaw et al.,
1990). For HDV/3, studies in the Amazon region on prevalence of
HBV and HDV showed that family members are reservoirs for
transmission of infection by HDV (Wedemeyer and Manns,
2010). In this way, the chances of contamination from an
extrafamilial source expressed by highly divergent isolates (Niro
et al., 1999) and the sequence similarity in most families units
indicate a single source of infection providing evidence that HDV
infection is probably mostly transmitted within the families
(Viana et al., 2005). This hypothesis has been supported with the
HDV distances between genotypes and within genotypes (Table
s1a and s1b) since the HDV/3 has the greatest distance when
compared with other genotypes but has the shortest distance
within of the sequences of the same HDV/3 group.

Finally, the geographical region where the HDV/3 is prevalent is
smaller than the other regions in the world where others delta
genotypes circulate. Consequently, it could also influence on the
low intra-genetic variability existing within HDV/3 in relation to
the other HDV genotypes.

5. Conclusions

In conclusion, the results obtained here show the importance of
continuing to undertake studies about the dynamics of HDV. Also,
this study shows the co-infection of HBV genotype F and HDV
genotype 3 in the Colombian Amazon region, similar to other
Amazon regions from Brazil and Venezuela. Finally, we suggest
that the measures implemented to control HBV transmission had
an impact on the control of HDV/3 spreading in South America,
especially after the important rise in this infection associated with
a huge mortality during the 1950s up to the 1970s. The differences
found among HDV/3 and the other HDV genotypes concerning its
diversity raises the hypothesis of a different origin and/or a
different transmission route.
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L., Carrilho, F.J., Pinho, J.R., 2011. Molecular characterization of the Hepatitis B
virus genotypes in Colombia: a Bayesian inference on the genotype F. Infect.
Genet. Evol. 11, 103–108.

Arauz-Ruiz, P., Norder, H., Robertson, B.H., Magnius, L.O., 2002. Genotype H: a new
Amerindian genotype of hepatitis B virus revealed in Central America. J. Gen.
Virol. 83, 2059–2073.

http://dx.doi.org/10.1016/j.meegid.2011.05.020


M.V. Alvarado-Mora et al. / Infection, Genetics and Evolution 11 (2011) 1462–1468 1467
Bensabath, G., Dias, L.B., 1983. Labrea hepatitis (Labrea black fever) and other
fulminant forms of hepatitis in Sena Madureira, Acre and Boca do Acre,
Amazonas, Brazil. Rev. Inst. Med. Trop. Sao Paulo 25, 182–194.

Bensabath, G., Hadler, S.C., Soares, M.C., Fields, H., Dias, L.B., Popper, H., Maynard,
J.E., 1987. Hepatitis delta virus infection and Labrea hepatitis. Prevalence and
role in fulminant hepatitis in the Amazon Basin. JAMA 258, 479–483.

Blitz, L., Pujol, F.H., Swenson, P.D., Porto, L., Atencio, R., Araujo, M., Costa, L.,
Monsalve, D.C., Torres, J.R., Fields, H.A., Lambert, S., Van Geyt, C., Norder, H.,
Magnius, L.O., Echevarria, J.M., Stuyver, L., 1998. Antigenic diversity of hepatitis
B virus strains of genotype F in Amerindians and other population groups from
Venezuela. J. Clin. Microbiol. 36, 648–651.

Bonino, F., Negro, F., Baldi, M., Brunetto, M.R., Chiaberge, E., Capalbo, M., Maran, E.,
Lavarini, C., Rocca, N., Rocca, G., 1987. The natural history of chronic delta
hepatitis. Prog. Clin. Biol. Res. 234, 145–152.

Buitrago, B., Popper, H., Hadler, S.C., Thung, S.N., Gerber, M.A., Purcell, R.H., May-
nard, J.E., 1986. Specific histologic features of Santa Marta hepatitis: a severe
form of hepatitis delta-virus infection in northern South America. Hepatology 6,
1285–1291.

Braga, W.S., Melo, H., Cossate, M.D.B., Castilho, M.C., Souza, R.A.B., Brasil, L.M.,
Fonseca, J.C.F., 1998. Prevalência de marcadores sorológicos dos vı́rus da
hepatite B e Delta em população assintomática: estudo do impacto do uso
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CAPÍTULO 4: O VÍRUS GB-C (GBV-C) NA COLÔMBIA 

 

4.   INTRODUÇÃO 

4.1 Características gerais do vírus GB-C 

 

O vírus GB-C (GBV-C) ou vírus da hepatite G (HGV) é um vírus 

envelopado, com genoma fita simples de RNA de aproximadamente 9,3 Kb 

com polaridade positiva, pertencente à família Flaviviridae (Stapleton et al., 

2011).  

A forma de transmissão principal do GB-C é por via parenteral (Moaven 

et al., 1996; Feucht et al., 1996; Thomas et al., 1997; Casteling et al., 1998; 

Frey et al., 2002), especialmente por transfusões sanguíneas (Simons et al., 

1995; Alter et al., 1997) ou de hemoderivados (Jarvis et al., 1996; Feucht et al., 

1997). Devido a esta forma de transmissão. o vírus possui alta prevalência 

entre os usuários de drogas injetáveis (Stark et al., 1996) assim como nos 

politransfundidos (Linnen et al., 1996), hemofílicos (Yamada-Osaki et al., 1998) 

e hemodialisados (Masuko et al., 1996).  A transmissão entre homens que 

fazem sexo com homens tem sido relatada como uma forma eficaz de 

transmissão (Berzsenyi et al., 2005) e evidências de transmissão intrafamiliar 

foram determinadas com base na análise de sequências do genoma do vírus 

(Pinho et al., 1999; Seifried et al., 2004).  
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  O genoma do GBV-C é similar ao genoma do HCV na sua organização 

estrutural sendo que possui duas regiões não traduzidas nos estremos 5’ e 3’, 

duas proteínas estruturais (E1 e E2) e cinco proteínas não estruturais: NS2, 

NS3, NS4b, NS5a e NS5b (Pessoa et al., 1998; Kudo et al., 1997). Estas 

proteínas desempenham a função de protease, helicase e RNA polimerase 

RNA-dependente. Da mesma forma, o sequenciamento das regiões E1 e E2 do 

GBV-C mostraram que não possuem sitos hipervariáveis, ao contrário do HCV 

que apresenta três regiões hipervariaveis na região E2 (Stapleton et al., 2004). 

Uma outra característica importante do GBV-C é a ausência da proteína do 

capsídeo no inicio da poliproteina viral (Simons et al., 1996).   

 

4.2  Epidemiologia e caracterização dos genótipos do vírus GB-C na 

Colômbia. 

 

A distribuição geográfica do GBV-C está relacionada com a co-

evolução do vírus com os humanos durante a migração ao longo da história, 

sugerindo que o GBV-C é um vírus antigo (Smith et al., 1997; Naito et al., 

2001). O genótipo 1 é encontrado na África Ocidental (Muerhoff et al., 1996); 

genótipo 2 (sub-classificado em 2a e 2b), nos Estados Unidos e na Europa 

(Muerhoff et al., 1997); genótipo 3 na Ásia (Mukaide et al., 1997; Katayama et 

al., 1998); genótipo 4, em Mianmar e Vietnam (Naito et al., 1999); genótipo 5 na 

África do Sul (Tucker et al., 1999); e genótipo 6, na Indonésia (Muerhoff et al., 
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2006). Na América do Sul, os genótipos 1, 2a, 2b e 3 foram encontrados 

(Konomi et al., 1999; Oubina et al., 1999; Loureiro et al., 2002; Ramos Filho et 

al., 2004).   

Vários estudos têm sido realizados para avaliar sua prevalência em 

grupos de pacientes com doenças crônicas do fígado.  Em 1999, foi realizado 

um trabalho no Brasil onde foi procurado o RNA do GBV-C em dois grupos de 

pacientes; pacientes com hepatite não A-E e pacientes com hepatite C 

detectando o RNA do GBV-C em 13 dos 137 (9,5%) pacientes com hepatite não 

A-E e em 8 de 44 (18,2%) dos pacientes com hepatite C (Pinho et al., 1999).  

Em outro estudo realizado no Rio de Janeiro em um grupo de 87 doadores de 

sangue. encontrou-se o RNA do GBV-C em 9 (10%) dos 87 doadores e em 15 

(13%) num grupo de 113 pacientes com doenças hepáticas crônicas (Lampe et 

al., 1998). Um estudo mais recente realizado em Taiwan mostrou que a 

prevalência do RNA do GBV-C em pacientes crônicos com hepatite B ou 

hepatite C foi de 7,7% e 17,3% respectivamente (Yang et al., 2006). 

Quanto ao diagnostico pela técnica de PCR, em um trabalho realizado no 

ano 2006, foi analisado o efeito da seleção de primers para diagnostico do vírus 

amplificando as regiões 5’UTR, NS3, NS5A e E2, no qual encontrou-se que a 

melhor região para diagnóstico é a  5’UTR, já que apresenta maior sensibilidade 

quando amplificada por esta técnica (Souza et al., 2006). Da mesma forma, a 

escolha da região do genoma que pode gerar a melhor classificação por 

genótipo tem sido muito discutida nos últimos anos. Os primeiros estudos que 
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tentaram estabelecer grupos filogenéticos para o GB-C usando as regiões NS3 

e NS5B não mostraram associação filogenética consistente, não conseguindo 

separar os diferentes genótipos de diferentes partes do mundo (Kao et al., 

1996; Smith et al., 1997). Por causa da dificuldade de associar regiões 

codificantes com analise filogenética, em 1996, Muerhoff e colaboradores 

propuseram  5´UTR para a genotipagem de isolados de diferentes partes do 

mundo, o que tem sido aplicado em vários trabalhos publicados que realizaram 

a genotipagem desse vírus.  5´UTR se caracteriza por ser altamente 

conservada, como ocorre no genoma do HCV. A maioria dos estudos que 

utilizam a amplificação de 5´UTR para realizar análises filogenéticas 

apresentam uma ótima correlação entre os clusters encontrados e a origem 

geográfica do vírus (Muerhoff et al., 2006). 

Na Colômbia, uma alta prevalência de GBV-C RNA e a presença do 

genótipo 3 foram encontrados entre os índios nativos da Colômbia das etnias 

Wayuu, Kamsa e grupos Inga (Tanaka et al., 1998). Este foi o único estudo 

préviopublicado sobre os genótipos do GBV-C que circulam na Colômbia. 

A fim de identificar a frequência de GBV-C na Colômbia, foram 

analisadas: 1) 408 amostras de doadores de sangue positivos para anti-HCV 

(n=250) e positivos para HBsAg (n=158) provenientes de Bogotá e ii) 99 

amostras provenientes de povos indígenas do estado do Amazonas. Um 

fragmento de 5’UTR do GBV-C foi amplificado e sequenciado para realizar a 

identificação dos genótipos circulantes na população (Alvarado-Mora et al., 
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2011i). Dessa forma, foi encontrado que das 158 amostras HBsAg positivas, 

5,06% (n=8) foram positivas para GBV-C RNA e das 250 amostras anti-HCV 

positivas, 3,20% (n=8) foram positivas para GBV-C RNA. Entre as 99 amostras 

testadas provenientes de Letícia, 7,70% (n=7) foram positivas para GBV-C 

RNA. Sendo assim, as amostras positivas foram sequenciadas e 18/23 

sequências foram utilizadas para determinar o genótipo encontrado: na 

população dos doadores o genótipo 2a (41.6%) foi o mais frequente, seguido 

do 1 (33.3%), 3 (16.6%) e o 2b (8.3%). Da mesma forma todas as amostras 

positivas de Letícia foram genótipo 3.  

A presença do genótipo 3 como a mais frequente foi também relatado em 

países como Venezuela e Bolívia (Konomi et al., 1999; Loureiro et al., 2002). 

Dessa forma, os resultados obtidos podem se juntar a hipótese previamente 

estabelecida de que a presença deste genótipo, característico de populações 

asiáticas, em populações indígenas da América do Sul, sugere que esse 

genótipo seja antigo (Smith et al., 1997), sendo provavelmente introduzido no 

nosso continente junto com as primeiras migrações humanas provenientes da 

Ásia através do Estreito de Bering (Gonzáles-Perez et al., 1997; Tanaka et al., 

1998; Konomi et al., 1999; Loureiro et al., 2002). De qualquer forma, essa 

conclusão deve ser avaliada com mais detalhes quando houver um número 

maior de sequências disponíveis nos bancos de dados. 
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Abstract

Background: GB virus C (GBV-C) is an enveloped positive-sense ssRNA virus belonging to the Flaviviridae family.
Studies on the genetic variability of the GBV-C reveals the existence of six genotypes: genotype 1 predominates in
West Africa, genotype 2 in Europe and America, genotype 3 in Asia, genotype 4 in Southwest Asia, genotype 5 in
South Africa and genotype 6 in Indonesia. The aim of this study was to determine the frequency and genotypic
distribution of GBV-C in the Colombian population.

Methods: Two groups were analyzed: i) 408 Colombian blood donors infected with HCV (n = 250) and HBV (n =
158) from Bogotá and ii) 99 indigenous people with HBV infection from Leticia, Amazonas. A fragment of 344 bp
from the 5’ untranslated region (5’ UTR) was amplified by nested RT PCR. Viral sequences were genotyped by
phylogenetic analysis using reference sequences from each genotype obtained from GenBank (n = 160). Bayesian
phylogenetic analyses were conducted using Markov chain Monte Carlo (MCMC) approach to obtain the MCC tree
using BEAST v.1.5.3.

Results: Among blood donors, from 158 HBsAg positive samples, eight 5.06% (n = 8) were positive for GBV-C and
from 250 anti-HCV positive samples, 3.2%(n = 8) were positive for GBV-C. Also, 7.7% (n = 7) GBV-C positive samples
were found among indigenous people from Leticia. A phylogenetic analysis revealed the presence of the following
GBV-C genotypes among blood donors: 2a (41.6%), 1 (33.3%), 3 (16.6%) and 2b (8.3%). All genotype 1 sequences
were found in co-infection with HBV and 4/5 sequences genotype 2a were found in co-infection with HCV. All
sequences from indigenous people from Leticia were classified as genotype 3. The presence of GBV-C infection
was not correlated with the sex (p = 0.43), age (p = 0.38) or origin (p = 0.17).

Conclusions: It was found a high frequency of GBV-C genotype 1 and 2 in blood donors. The presence of
genotype 3 in indigenous population was previously reported from Santa Marta region in Colombia and in native
people from Venezuela and Bolivia. This fact may be correlated to the ancient movements of Asian people to
South America a long time ago.

Background
GB virus C/Hepatitis G virus (GBV-C/HGV) is an envel-
oped, positive-sense, single-strand RNA virus belonging
to the family Flaviviridae with a genomic size of about
9.3 Kb [1]. It is genomic organization mainly consists of a
large open reading frame (ORF) that encodes a single

polyprotein precursor in which the structural (E1 and E2)
and nonstructural proteins (NS2 to NS5B) are positioned
at the N-terminal and C-terminal end, respectively [2]. It
was first identified in 1995 in serum from individuals
with idiopathic hepatitis [3]. Although it was initially
identified as a possible etiological agent of viral hepatitis
in humans, and despite its similarity in genome structure
with hepatitis C virus (HCV), in contrast to HCV, GBV-
C does not appear to be a hepatotrophic virus neither
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replicates in hepatocytes nor causes acute or chronic
hepatitis [4-6].
GBV-C can be transmitted parenterally through blood

and derivates transfusion, intravenous drug use, hemodia-
lysis and vertical transmission [7-10]. There is extensive
evidence that GBV-C is transmitted by sexual and percu-
taneous routes and is frequently found in populations at
risk for blood-borne or sexually transmitted viruses [5,11].
Male to male sex has been reported as an effective way of
transmission [12] and intrafamilial transmission has been
determined based on the sequences analysis [13,14]. GBV-
C has not been associated with any particular disease
despite numerous investigations. Alteration in the host’s
cellular immune response to HIV seems to be responsible
for a protective effect of GBV-C but the exact mechanism
to it still have to be defined. In contrast, GBV-C infection
does not appear to have any effect on chronic liver disease
due to HCV or HBV [12].
GBV-C infection is relatively common and has a world-

wide distribution. At least 1 to 4% of healthy blood donors
have GBV-C RNA [1,5,7]. Most people clear the virus and
develop antibodies to the E2 envelope glycoprotein.
Furthermore, infection is common in the normal popula-
tion with up to 12.9% prevalence among paid blood
donors in the United States of America [15], 11% to 14%
in West Africa or South Africa [8], and as high as 37%
among HIV-infected individuals [16]. GBV-C incidence
amongst of patients with HCV infection varies from 11 to
24% [17-19]. Further, little work has been done on coin-
fection of GBV-C and HBV but no significant effect of this
co-infection was reported [12].
The geographical distribution of GBV-C is related to the

coevolution of the viruses with human during the migra-
tion along the history, suggesting that GBV-C is an ancient
virus [20,21]. Genotype 1 is found in West Africa [22],
genotype 2 (sub-classified as both 2a and 2b) in the United
States and Europe [23], genotype 3 in Asia [24-26], geno-
type 4 in Myanmar and Vietnam [27], genotype 5 in South
Africa [28] and genotype 6 in Indonesia [29]. In South
America, the genotypes 1, 2a, 2b and 3 have been reported
[30-34]. In Colombia, a high prevalence of GBV-C RNA
and presence of genotype 3 were found among Colombian
native Indians from Wayuu, Kamsa and Inga ethic groups
[34].
The aim of this study was determined the frequency

of GBV-C RNA and the GBV-C genotypes circulating in
Colombia. This is the first study that characterizes the
presence of GBV-C among blood donors in coinfection
with HCV and HBV in Colombia.

Materials and methods
Study Population
In order to identified the frequency of GBV-C in
Colombia, i) 408 samples from Colombian blood donors

positive for anti-HCV (n = 250) and positive for HBsAg
(n = 158) using third generation ELISA in the blood
bank of Cruz Roja Colombiana in Bogota city, Colom-
bia, and ii) 99 samples from indigenous people with
HBV infection from Leticia, Amazonas were obtained
for this study. These samples were collected between
2003 and 2007 and the presence of HCV RNA and
HBV DNA were previously reported by our group
[35,36].
The protocol of this study was approved from Ethical

Committees from the Pontificia Universidad Javeriana,
Bogotá, Colombia and University of São Paulo Medical
School, São Paulo, Brazil. All patients have signed an
informed consent before joining the study.

GBV-C RNA Extraction
To avoid false-positive results, rigorous procedures used
for nucleic acid amplification diagnostic techniques were
followed [37]. HCV-RNA extraction was carried out
from 140 ml of serum using QIAamp Viral RNA Kit
(QIAGEN, Valencia, CA), following the manufacturer’s
instructions. The synthesis of the complementary DNA
(cDNA) was carried out immediately after RNA
extraction.

Synthesis of the complementary DNA (cDNA)
Reverse transcriptase reaction was performed using the
Moloney Murine Leukemia Virus Reverse Transcriptase
(MMLV-RT) and random primers. The final volume of
the reaction was 60 ml in the following concentrations:
50 mM Tris-HCl (pH 8.3), 75 mM KCl, 3 mM MgCl2,
10 mM DTT, 0.5 mM of each dNTP, 450 ng random
primers, 30 U RNAse enzyme inhibitor (RNaseOUT™),
and 300 U MMLV-RT. Samples were submitted to the
following temperature cycles: 70°C for 10 min, 25°C
for 15 min, 37°C for 60 min, and 95°C for 15 min in a
thermocycler (Eppendorf Mastercycler 1, Eppendorf,
Hamburg, Germany).

Polymerase chain reaction (PCR)
A fragment of 344 bp from 5’ untranslated region
(5’UTR) was amplified by nested RT PCR [28,38].
Amplification consisted of 40 cycles for first and second
round of PCR, with the following incubation times and
temperatures: 94°C 30 s, 50°C 30 s and 72°C 30s for the
first round and 94°C 30s, 60°C 30 s and 72°C 30s for
the second round.

GBV-C Sequencing
Amplified cDNA was purified using the ChargeSwitch
PCR Clean-Up Kit. Sequencing was done in an ABI
Prism 3500 Automatic Sequencer (Applied Biosystems,
Foster City, CA) using dideoxy nucleoside triphosphates
(ddNTPs) containing fluorescent markers (Big Dye1
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Terminator v3.1 Cycle Sequencing Ready Reaction Kit-
Applied Biosystems).
The consensus sequences were obtained by alignment

of both sequenced strands (sense and antisense) using
the SEQUENCHER software (Gene Codes Corporation
Ann Arbor, Michigan, United States of America).

Phylogenetic Analysis
The sequences obtained in this work were genotyped by
phylogenetic reconstructions using reference sequences
from each GBV-C genotype obtained from GenBank
(n = 160). Sequences were aligned and edited using
Clustal X [39] and Se-AL (available at: http://tree.bio.ed.
ac.uk/software/seal/) softwares respectively. Bayesian
phylogenetic analyses were conducted using the Markov
Chain Monte Carlo (MCMC) simulation implemented
in BEAST v.1.5.3 [40]. The dataset was analyzed under
relaxed uncorrelated lognormal and relaxed uncorrelated
exponential molecular clock using the best model of
nucleotide substitution (GTR+G+I) chosen by MOD-
ELTEST [41] and 20 million generations were sufficient
to obtain the convergence of parameters. The molecular
clock that best fitted the data was chosen by Bayes fac-
tor (BF) comparison. The maximum clade credibility
(MCC) tree was obtained from summarizing the 20,000
substitution trees after excluding 10% of burn-in using
Tree Annotator v.1.5.3 [40]. Phylogenetic trees were
visualized in FigTree v.1.2.2 (available at: http://tree.bio.
ed.ac.uk/software/figtree/).

Statistical analyses
Statistical analyses were performed using Minitab Soft-
ware v. 15. The c2 test for linear trend (a = 0.05) was
used to examine the variations in the presence of GBV-
C RNA adjusted for age group, sex and co-infection
group (Anti-HCV or HBsAg).

Results
Detection of GBV-C RNA
Among Colombian blood donors, from 158 HBsAg posi-
tive samples, 5.06% (n = 8) were positive for GBV-C
RNA and from 250 anti-HCV positive samples, 3.2%
(n = 8) were positive for GBV-C. Among 99 indigenous
people from Leticia (n = 99), 7.7% (n = 7) GBV-C posi-
tive samples were found (Table 1).

Phylogenetic Analysis
Eighteen out of 23 sequences with good quality were
used for phylogenetic analysis. The phylogenetic tree
constructed with the GBV-C sequences (n = 160) is
shown in Figure 1. This analysis revealed the presence
of the following GBV-C genotypes among blood donors:
2a (41.6%), 1 (33.3%), 3 (16.6%) and 2b (8.3%). All geno-
type 1 sequences were found in co-infection with HBV

and 4/5 sequences genotype 2a were found in co-infec-
tion with HCV. All sequences from indigenous people
from Leticia were classified as genotype 3. The presence
of GBV-C infection among blood donors group and
indigenous people was not correlated with sex (p =
0.43), age (p = 0.38) or origin of the samples (p = 0.17).
The Colombian GBV-C sequences were deposited in the

Table 1 Geographical origins and epidemiological data
from 23 Colombian GBV-C infected patients

Patient Origin Clinical
Status

Sex Age HBV HCV Genotype

1035 Bogotá Blood
donor

F 26 Positive Negative 1

1087 Bogotá Blood
donor

F 28 Positive Negative 1

1123 Bogotá Blood
donor

M 50 Positive Negative 2a

1183 Bogotá Blood
donor

F 30 Positive Negative 3

1196 Bogotá Blood
donor

F 30 Positive Negative 1

1206 Bogotá Blood
donor

F 22 Positive Negative 1

1075 Bogotá Blood
donor

M 41 Positive Negative No
sequence

1174 Bogotá Blood
donor

F 23 Positive Negative No
sequence

2002 Bogotá Blood
donor

F 30 Negative Positive 2a

2117 Bogotá Blood
donor

M 63 Negative Positive 2a

2136 Bogotá Blood
donor

M 63 Negative Positive 2a

2238 Bogotá Blood
donor

M 59 Negative Positive 2b

2221 Bogotá Blood
donor

F 21 Negative Positive 2a

2033 Bogotá Blood
donor

M 37 Negative Positive 3

2244 Bogotá Blood
donor

F 33 Negative Positive No
sequence

2259 Bogotá Blood
donor

M 23 Negative Positive No
sequence

02 Leticia Native
Ticuna

F 67 Positive Negative 3

95 Leticia Native
Ticuna

F 54 Positive Negative No
sequence

98 Leticia Native
Yaua

M 51 Positive Positive 3

113 Leticia Native
Yaua

F 23 Positive Negative 3

120 Leticia Native
Ticuna

M 43 Positive Negative 3

148 Leticia Native
Ticuna

F 23 Positive Negative 3

174 Leticia Native
Ticuna

F 26 Positive Negative 3
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Figure 1 The maximum clade credibility (MCC) tree was estimated by Bayesian analysis of 160 sequences with 344 bp of GB virus C
strains. The posterior probabilities of the key nodes are depicted above the respective nodes. Samples obtained from Colombian blood donors
(n = 12) and Amerindian population (n = 6) were analyzed together with other worldwide strains. Genotype 4 and genotype 5 branches were
collapsed.
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GenBank database under accession numbers JF832366
to JF832383.

Discussion
In this study, we determined the frequency and genoty-
pic characteristics of GBV-C virus in Colombia. Among
Colombian blood donors, from 158 HBsAg positive
samples, eight (5.06%) were positive for GBV-C and
from 250 anti-HCV positive samples, eight (3.2%) were
positive for GBV-C. This is the first report showing the
frequency of GBV-C in HBV and HCV positive blood
donors in Colombia.
There are few studies that reported GBV-C frequency

in blood donors populations. In Salvador and in Rio de
Janeiro, Brazil it was reported 10% of frequency of GBV-
C among blood donors [42,43]. Also, in São Paulo, Brazil
it was reported a high prevalence among blood donors
with normal and elevated ALT levels: 5.2% (5/95) and
6.5% (5/76), respectively [14]. Furthermore, the preva-
lence of GBV-C was 9.7% among 545 blood donors in
São Paulo [44] and 8.3% in 1.039 healthy individuals [45].
In Iranian volunteer blood donors the prevalence of

GBV-C was around 1% [46]. A study of prevalence of
GBV-C among northeastern Thai blood donors carrying
HBsAg and anti-HCV revealed a higher frequency of
GBV-C RNA (10% and 11%, respectively) in the co-
infected when compared with the controls [47]. In United
States, GBV-C prevalence in blood donors was reported
ranging from 0.8% to 12.9% [48,49]. In Turkey the preva-
lence of GBV-C was 14% in hemodialysis patients and 5%
in blood donors [50]. Also, in Thailand the GBV-C RNA
positivity among blood donors was 4.8% [51]. In France,
among 306 HCV RNA-positive donors, 19.3% were GBV-
C RNA positive [52]. In Egypt, El-Zayadi et al., [53] found
12.2% of GBV-C prevalence among blood donors and
GBV-C coinfection in HBV and HCV infected patients
were 7.6 and 64.9%, respectively. GBV-C infection is gen-
erally more common in groups with risk factors for per-
cutaneous and sexual transmission of infectious agents
[54].
The presence of GBV-C infection in our study was not

correlated with sex (p = 0.43), age (p = 0.38) or origin
(p = 0.17). These results are correlated with the previous
study performed among three different Indian groups
from Colombia (Wayuu, Inga and Kamsa) where no sig-
nificant differences were found [34].
A phylogenetic analysis revealed the presence of GBV-

C genotypes 2a, 1, 3 and 2b among Colombian blood
donors. There are few studies that reported GBV-C geno-
types among blood donor populations in the world. In
Bolivia, among blood donors, it was found that the major
genotype was genotype 3 followed by genotype 2 [32]. In
Shanghai, China, genotype 3 was the most prevalent [55].

In Martinique, Césaire et al., [56], reported genotypes 2a,
1 and 2b among blood donors.
Furthermore, all genotype 1 sequences from Colom-

bian blood donors were found in co-infection with HBV
and 4/5 sequences from blood donors genotype 2a were
found in co-infection with HCV, it was not found a sig-
nificant association between the presence of HBV or
HCV co-infection and GBV-C genotype (p = 0.431).
These results are similar to other studies where no sig-
nificant differences of HBV, HCV and GBV-C infection
rates were found [57].
Phylogenetic analysis showed that genotype 3 is the

most common in Leticia, Amazon region of Colombia.
The finding of an Asian GBV-C genotype in the Ameri-
cas was first suggested by the analysis of 5’UTR hemo-
philiac patients from nine locations in Nicaragua [58],
Colombian Amerindians [34] and Bolivia [32]. Similarity
between Nicaraguan and Asian GBV-C genotype 3
strains indicates that these strains in the region presum-
ably have an Amerindian origin [58].
In Colombia, from 163 native Indians, 6.1% (n = 10)

were positive for GBV-C RNA and it was concluded
that the incidence of GBV-C infection in native Indians
tended to be high compared with the general population
[34]. Furthermore, most Colombian native Indians har-
bored an Asian GBV-C genotype.
In an Amerindian population from Venezuela, a high

prevalence of GBV-C genotype 3 was observed, ranging
from 5% (9 out of 162) in the West to 25% (14 out of
56) in the south region of the country [33]. Whereas
GBV-C genotypes 1, 2 and 3 were presented in Vene-
zuela, genotype 3 (Asian genotype) was found infecting
Amerindians and rural population [33].
Together with other studies, our results corroborate

the hypothesis that GBV-C is an old virus [21], having
been probably introduced in the America continent with
the fist men coming thought the Bering Strait
[32-34,58]. It is generally believed that Colombian native
Indians migrated from Asia to Colombia approximately
12,000 years ago and were isolated from other people
for religious reasons [59]. On the other hand, since
HTLV-1 or HTLV-2 may have been brought from Asia
to Colombia together with the first human migrants
[60], GBV-C/HGV apparently followed the same route
[34]. These results are correlated with the evolutionary
analysis of GBV-C performed by Suzuki et al., [61], that
assumed that this virus diverged 100.000 years ago.
However, further analysis needs to be performer to test
this hypothesis. Actually, more sequences of GBV-C
genotype 3 need to be reported with sampling date,
allowing to estimate a specific substitution rate for this
genotype that is needed for a more detailed phylogeo-
graphic analysis.
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Conclusions
In conclusion, this is the first study that reported the
GBV-C frequency and the distribution of genotypes
among Colombian blood donors. The result presented
indicated the circulation of the genotype 3 among
Amerindian population in Colombia and blood donors.
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