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Molecular epidemiology of hepatitis B virus
in Afro-Venezuelan populations
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Summary. Hepatitis B virus (HBV) infection among Venezuelan populations of
African origin was analyzed. These populations exhibited lower HBV prevalence
than the one found in theAfrican continent. Sequence analysis of 6 isolates showed
that 3 belonged to genotype F, while the 3 others were HBV genotype A. HBV
genotype A was more common in the Afro-Venezuelan groups than in the general
Venezuelan population. This might reflect the introduction of genotype A during
the slavery period. The absence of the African genotype E among these isolates
supports the hypothesis of a recent origin for this HBV genotype. HBV genotype
F has already been introduced to these relatively isolated communities.

∗
In spite of a highly effective vaccine, hepatitis B is still a significant health concern
in the world. It is estimated that around 2 billion persons have been infected by
hepatitis B virus (HBV) and around 350 millions of them are chronic carriers
[28]. The highest HBV prevalence is found in the Western South of Asia and
in the Southern and Equatorial Africa. South America exhibits an intermediate
prevalence, with HBV endemic clusters among Amerindian populations [27].

Seven genotypes (A–G) of hepatitis B virus (HBV) have been described,
HBV genotype F being autochthonous to South America and highly predominant,
particularly in Venezuela [3]. Genotypes A and D are predominant in the Old
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World but are also widely distributed in all the continents. Genotypes B and C are
found mainly in South East Asia and the Far East, while genotype E circulates
in sub-Saharan Africa [12]. HBV genotype G has recently been described and its
distribution is not yet fully known [23].

Amerindian populations constitute the first human settlers in theAmericas and
are believed to originate from the South of Siberia and Mongolia, crossing through
the Behring Strait, 10,000–30,000 years ago [6, 10, 15]. With the discovery of
the New World and during the Colonial period, European and African population
groups were introduced in SouthAmerica. Genetic studies and historical evidence
suggest that an important proportion of the slaves who arrived to Venezuela had
already a certain degree of admixture in some Islands of the Caribbean [19].
Some Afro-Venezuelan groups have been maintained as small communities in the
Venezuelan Coasts or in the mountains, without significant additional admixture
since their establishment [4]. Ethnic migrations may have contributed to the
circulation of other HBV genotypes in South America. The aim of this study was
the molecular characterization of HBV isolates circulating among Venezuelan
populations of African origin.

A total of 222 sera from Afro-Venezuelan populations groups were ana-
lyzed: Chuao, Aragua State(n = 90), Panaquire, Miranda State(n = 76), and
Macuquita, Falc´on State(n = 56). A total of 1332 sera from other Venezuelan
populations were analyzed in order to compare the prevalence of HBV active
infection with the one observed amongAfro-Venezuelan groups: rural populations
(Caño Delgadito, Portuguesa State,n = 176, Caraballeda, Vargas State,n = 72,
and La Cur´ıa, Carabobo State,n = 66) and urban populations (pregnant women
from Caracas, Federal District,n = 516, and Puerto LaCruz, Anzo´ategui State,
n = 500). For Panaquire population, the degree of admixture was previously
described [4]. For Macuquita, the systems evaluated were ABO, Duffy and RH
(Cc, D, Ee) blood groups, to obtain a quantitative estimation of racial admix-
ture using the gene identity method [5]. HBV surface antigen (HBsAg) was
determined by a double sandwich monoclonal immunoassay [20]. Positivity in
reactive samples was confirmed by a commercial immunoassay (AUSZYME,
Abbott Diagnostics, North Chicago, Ill, US) and/or by the presence of HBV
DNA. HBV DNA was determined by nested PCR in the HBsAg region, and PCR
amplified products were sequenced, as previously described [21]. Nucleotide and
amino acid alignments were performed using DNAMAN 5.2.2. (Lynnon Bio Soft,
Canada). Phylogenetic analyses were conducted using MEGA version 2.1 [10].
Nucleotide sequence data have been deposited into the GenBank database under
the accession numbers AF479490-AF479495.

From the 222 sera from Afro-Venezuelan populations, 8 (3.6%) were found
positive for HBV active infection (Table 1). The HBsAg prevalence of the 3
Afro-Venezuelan communities and of the rural populations were not significantly
different (8/222; 3.6% vs. 7/316; 2.2%,p > 0.05). In contrast, HBsAg prevalence
of all these rural population groups were significantly higher than the one observed
in urban groups (6/1016; 0.6%p < 0.01). No differences were observed in HBsAg
positivity according to sex (data not shown).
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Table 1. HBV active infection in different Venezuelan populations

Population(n) Genetic admixture Number of HBsAg
positive samples (%)

Afro-Venezuelan:
Panaquire (76) 59% African, 15% European, 26% Amerindiana 3 (3.9)
Chuao (99) n.d.c 4 (4.0)
Macuquita (56) 57% African, 43% European, 0% Amerindianb 1 (1.8)

Total Afro-Venezuelan (222) 8 (3.6)

Rural: n.d.c

Caño Delgadito (178) 2 (1.1)
Caraballeda (72) 3 (4.2)
La Curia (66) 2 (3.0)

Total rural (316) 7 (2.2)

Urban: n.d.c

Puerto La Cruz (500) 2 (0.4)
Caracas (516) 4 (0.8)

Total urban (1016) 6 (0.6)

aDetermined in a previous study [4]
bDetermined in this study (n = 22 unrelated individuals)
cNot determined

From these 8 HBV isolates, 6 genomic fragments were amplified by PCR in
the HBsAg region. Sequence analysis of these 6 isolates showed that 3 belonged to
genotype F, and 3 to genotype A (Fig. 1). These Afro-Venezuelan genotype A iso-
lates displayed more than 99.8% identity, while the genotype F isolates were more
diverse (up to 1.6% divergence). The analysis of amino acids in the a determinant
showed that the 3 genotype A isolates were subtype adw2, 2 genotype F were sub-
type adw4, as expected, while one isolate F exhibited a less common subtype ayw4
(Fig. 2), which has only been described in few HBV genotype F isolates [1, 3].

In spite of the significant migration of African ethnical groups in the Americas
during the slavery trade period, no African genotype E has been found to date in
the Americas. However, no study has been conducted in African American groups
that have preserved an important proportion of their cultural and genetic origin.
This point was addressed in this study, and the HBV isolates circulating among
African communities that have been maintained relatively isolated from other
ethnic groups, were analyzed. The absence of genotype E in these communities
is in agreement with recent phylogenetic studies that suggest a contemporary
origin of this genotype in Africa, possibly through a zoonotic introduction from a
chimpanzee’s hepadnavirus [16, 25]. It is interesting to note that the prevalence of
HBV active infection observed among these Afro-Venezuelan communities were
not as high as the one found in Africa. This might suggest that the prevalence
of HBV infection was lower in Africa during the 19th century, but does not
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Fig. 2. Amino acid alignments of the sequences of the HBVAfro-Venezuelan isolates (Chuao,
Macuquita and Panaquire), showing the a determinant of the HBsAg. Numbers indicate the
amino-acid position in the protein. One isolate representative of each genotype is shown:
genotype A (Z35717), B (D00330), C (M38336), D (U95551), E (X75657), F (X75658), and

G (AF160501). The subtype is shown after the genotype identification

necessarily mean that this continent was free of HBV, as has been hypothesized
[16]. Even if the number studied is small, a relatively high frequency of HBV
genotype A was found in these African communities, compared to the predomi-
nance of HBV genotype F observed in other populations from Venezuela [3]. This
result suggests that this genotype was circulating inAfrica in the 19th century, and
then the slave trade might be one of the routes of introduction of this genotype
to the Americas. Further studies are needed in larger Afro-American populations
to confirm this hypothesis. Several reports are in agreement with this hypothesis:
genotype A is the most frequent genotype in other African populations studied
[11, 18, 24]. In addition, the low degree of diversity observed among genotype
A isolates in Afro-Venezuelan populations (Fig. 1) supports the hypothesis of a
common introduction of these HBV isolates.

�
Fig. 1. Phylogenetic tree of HBV (surface antigen, partial 556 nt region, nt 205 to 760)
isolates fromVenezuela, obtained using the Minimum Evolution method with close-neighbor-
interchange (100 bootstrap replicas). Genetic distances were evaluated with Kimura 2
parameters corrections [9]. Isolates are designated by their GenBank accession number, except
for Afro-Venezuelan isolates (Chuao, Macuquita and Panaquire), which are shown in bold.
Bootstrap values for the branching in genotypes and in the clusters of genotype F are shown
in the tree. The scale represents the number of substitutions/site/100 bases. Letters indicate
HBV genotypes, and roman numbers the clusters within genotype F. All HBV genotype F
sequences available in GenBank were included in this tree, except for identical sequences –
only one included – and 3 sequences with deletions (in total 45/76 sequences). The country
of origin is shown for genotype F sequences after their accession number;ARG: Argentine,
BRA: Brazil,COL: Colombia,CR: Costa Rica,FRA: hemodialysis patient from France,HON:
Honduras,MEX: Mexico,NIC: Nicaragua,SAL: Salvador,VNZ: Venezuela
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Even though these African communities have been relatively isolated, the
Amerindian HBV genotype F has already been introduced in these ethnical groups.
It is interesting to note that this genotype is widely distributed in several countries
from Central and SouthAmerica [2, 3, 13, 26] even in nonAmerindian groups.This
might be due to a high rate of transmission of this genotype. An alternative expla-
nation for the circulation of theAmerican HBV genotype amongAfro-Venezuelan
communities is that this introduction might have occurred during the admixture
of the slaves with Amerindian groups at their arrival to Venezuela, or even before,
in the Caribbean Islands. This last hypothesis might be probable for Panaquire
population, which exhibits a significant degree of admixture with Amerindians
ethnic groups, but seems less probable for the Macuquita community, where
the limited genetic information did not suggested admixture with Amerindians
(Table 1).

Four clusters within HBV genotype F have recently been described [13].
Phylogenetic analysis of the S region of all the HBV genotype F sequences
available in the GenBank(n = 76) showed relatively high bootstrap values for
the branching of clusters (Fig. 1). These authors also found signature amino-acid
combinations within the clusters, particularly in the overlapping polymerase ORF.
The authors proposed 3 amino acids conserved among the polymerases of cluster
IV isolates: T401, N466 and Y470. These results were not confirmed by us when
sequences from Venezuelan isolates were analyzed. While T401 was conserved,
T466 was more frequent than N466 and H470 was more frequent than Y470 in
the Venezuelan isolates (data not shown).

Cluster III was found to be the most divergent of the four clusters, and
comprised exclusively isolates from Central America. In cluster IV only South
American isolates were found, except for two isolates from French hemodial-
ysis patients. Clusters I and II included isolates from both regions. Most of
the sequences of the Venezuelan isolates were grouped in cluster IV: isolates
circulating in different Amerindian ethnics – Yucpa Amerindians from Western
Venezuela and Yanomami Amerindians from Southern Venezuela [14, 21] – and
in Afro-Venezuelan communities. Only one Afro-Venezuelan isolate belonged
to cluster II. Additional sequences from other Venezuelan isolates were also
grouped within cluster II (Pujol, F. H., personal communication), suggesting that
isolates belonging to these 2 clusters circulate in Venezuela. More information is
needed about which of the HBV genotype F clusters circulate in the Caribbean
Islands. Analysis based upon full length genome sequences are also needed to
confirm the existence of these clusters of HBV genotype F. However, the limited
available phylogenetic information is compatible with the hypothesis that the
Afro-Venezuelan genotype F isolates were introduced in these populations after
the slaves arrived to Venezuela.

The clinical and biological importance of the genotypic diversity of HBV
and the implication in the generation of mutants is not fully understood. There
are however some evidences that HBV genetic variability might be associated
with different rates of transmission, resistance to interferon or progression to
hepatocellular carcinoma [6, 7, 17, 22]. Further studies are needed to evaluate the
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contribution of HBV genetic variability in the different epidemiological presen-
tations of this disease.

Acknowledgments

This work was supported by Grants S1-98002701 and S1-2001000911 from FONACIT,
Venezuela. We thank CeSAAN (Centro Especializado de Secuenciación Automatizada de
Acidos Nucleicos) for sequencing support.

References
1. Arauz-Ruiz P, Norder H, Visona KA, Magnius LO (1997) Molecular epidemiology of

hepatitis B virus in Central America reflected in the genetic variability of the small S
gene. J Infect Dis 176: 851–858

2. Arauz-Ruiz P, Norder H, Visona KA, Magnius LO (1997) Genotype F prevails in HBV
infected patients of hispanic origin in Central America and may carry the precore stop
mutant. J Med Virol 51: 305–312

3. Blitz L, Pujol FH, Swenson PD, Porto L, Atencio R, Araujo M, Costa L, Callejas-
Monsalve D, Torres JR, Fields HA, Lambert S, Van Geyt C, Norder H, Magnius LO,
Echevarría JM, Stuyver L (1998) Antigenic diversity of hepatitis B virus strains of
genotype F inAmerindians and other population groups fromVenezuela. J Clin Microbiol
36: 648–651

4. Castro de Guerra D, Arvelo H, Rodriguez Larralde A, Salzano FM (1996) Genetic Study
in Panaquire, a Venezuelan population. Hum Hered 46: 323–328

5. Chakraborty R (1985) Gene identity in racial hybrids and estimation of admixture rates.
In: Neel JV, Ahuja Y (eds) Genetic microdifferentiation in man and other animals.
Delhi: Indian Anthropological Association, Delhi University, Anthropology Department,
pp 171–180

6. Curtis P (1969) The Atlantic slave trade. The University of Wisconsin Press, WI, U.S.A.
7. Gibbons A (1996) The peopling of the Americas. Science 274: 31–33
8. Kao JH, Chen PJ, Lai MY, Chen DS (2000) Hepatitis B genotypes correlate with clinical

outcomes in patients with chronic hepatitis B. Gastroenterology 118: 554–559
9. Kao JH, Wu NH, Chen PJ, Lai MY, Chen DS (2000) Hepatitis B genotypes and the

response to interferon therapy. J Hepatol 33: 998–1002
10. Kumar S, Tamura K, Jakobsen IB, Nei M (2001) MEGA2: Molecular Evolutionary

Genetics Analysis software, Arizona State University, Tempe, Arizona, USA
11. Layrisse M, Wilbert J (1999) The Diego Blood Group system and the Mongoloid Realm.

Fundación La Salle de Ciencias Naturales, Caracas, Venezuela
12. Lindh M, Andersson AS, Gusdal A (1997) Genotypes, nt 1858 variants, and geographic

origin of hepatitis B virus-large-scale analysis using a new genotyping method. J Infect
Dis 175: 1285–1293

13. Magnius LO, Norder H (1995) Subtypes, genotypes and molecular epidemiology of the
molecular epidemiology of the hepatitis B virus as reflected by sequence variability of
the S-gene. Intervirology 38: 24–34

14. Mbayed VA, Barbini L, Lopez JL, Campos RH (2001) Phylogenetic analysis of the
hepatitis B virus (HBV) genotype F including Argentine isolates. Arch Virol 146:
1803–1810

15. Nakano T, Lu L, Hu X, Mizokami M, Orito E, Shapiro C, Hadler S, Robertson B (2001)
Characterization of hepatitis B virus genotypes amongYucpa Indians inVenezuela. J Gen
Virol 82: 359–365



1836 A. Quintero et al.: Hepatitis B virus among Afro-Venezuelan populations

16. Neel JV, Biggar RJ, Sukernik RI (1994) Virologic and genetic studies relate Amerind
origins to the indigenous people of the Mongolia/Manchuria/southeastern Siberia region.
Proc Natl Acad Sci USA 91: 10737–10741

17. Odemuyiwa SO, Mulders MN, Oyedele OI, Ola SO, Odaibo GN, Olaleye DO, Muller
CP (2001) Phylogenetic analysis of new hepatitis B virus isolates from Nigeria supports
endemicity of genotype E in West Africa. J Med Virol 65: 463–469

18. Orito E, Ichida T, Sakugawa H, Sata M, Horiike N, Hino K, Okita K, Okanoue T, Iino S,
Tanaka E, Suzuki K, Watanabe H, Hige S, Mizokami M (2001) Geographic distribution
of hepatitis B virus (HBV) genotype in patients with chronic HBV infection in Japan.
Hepatology 34: 590–594

19. Owiredu WK, Kramvis A, Kew MC (2001) Molecular analysis of hepatitis B virus
genomes isolated from black African patients with fulminant hepatitis B. J Med Virol 65:
485–492

20. Pujol FH, Rodr´ıguez I, Devesa M, Rangel-Aldao R, Liprandi F (1993) A double
sandwich monoclonal enzyme immunoassay for detection of hepatitis B surface antigen.
J Immunoassay 14: 21–31

21. Quintero A, Uzc´ategui N, Loureiro CL, Villegas L, Illarramendi X, Guevara M, Ludert
JE, Blitz L, Liprandi F, Pujol FH (2001) Hepatitis delta virus genotypes I and III circulate
associated with hepatitis B virus genotype F in Venezuela. J Med Virol 64: 356–359

22. Stevens CE, Neurath RA, Beasly RP, Szmuness W (1979) HBeAg and anti-Hbe detection
by radioimmunoassay. Correlation with vertical transmission of hepatitis B virus in
Taiwan. J Med Virol 3: 237–241

23. Stuyver L, De Gendt S, Van Geyt C, Zoulim F, Fried M, Schinazi RF, Rossau R (2000)
A new genotype of hepatitis B virus: complete genome and phylogenetic relatedness.
J Gen Virol 81: 67–74

24. Swenson PD,Van Geyt C,Alexander ER, Hagan H, Freitag-Koontz JM, Wilson S, Norder
H, Magnius LO, Stuyver L (2001) Hepatitis B virus genotypes and HBsAg subtypes in
refugees and injection drug users in the United States determined by LiPA and monoclonal
EIA. J Med Virol 64: 305–311

25. Takahashi K, Brotman B, Usuda S, Mishiro S, Prince AM (2000) Full-genome sequence
analyses of hepatitis B virus (HBV) strains recovered from chimpanzees infected in the
wild: implications for an origin of HBV. Virology 267: 58–64

26. Telenta PF, Poggio GP, Lopez JL, Gonzalez J, Lemberg A, Campos RH (1997) Increased
prevalence of genotype F hepatitis B virus isolates in Buenos Aires, Argentina. J Clin
Microbiol 35: 1873–1875

27. Torres JR (1996) Hepatitis B and hepatitis delta virus infection in South America. Gut
38: S48–S55

28. Zuckerman A (1999) More than one third of world’s population has been infected with
hepatitis B virus. Br Med J 318: 1213A

Author’s address: Dr. Flor H. Pujol, Laboratorio de Biolog´ıa de Virus, CMBC, IVIC,
Apartado 21827, Caracas 1020-A, Venezuela; e-mail: fpujol@ivic.ve


