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Phylogenetic Analysis of New Hepatitis B Virus
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Isolates of hepatitis B viruses were collected from
20 acute and chronic hepatitis patients in a highly
endemic region of Nigeria. Sequencing classified
the isolates to the aywd, as they all contained
the amino acid variations characteristic for that
serotype. In the pre-S2 region of five isolates,
three to seven amino acids were deleted, sug-
gesting that immune escape mutations pre-
viously associated only with chronic HBV
infection may be observed also in acute disease.
Phylogenetic analysis of the complete pre-S2/S
(large S) genes (831 nt) demonstrated that all the
viruses belonged to the same genotype E. So far,
no isolates of genotype E have been found inany
otherregion of the world, including the Ameéricas.
This may suggest a relatively recent introduction
of this genotype into humans and would explain
the relatively low genetic diversity of viruses
belonging to this genotype. One génotype E virus
had been found previously in.a chimpanzee,
and viruses belonging to the CHIMP genotype
are related to other genotype E viruses. These
findings are compatible with a transmission
of genotype E viruses from chimpanzees to
humans. J. Med. Virol. 65:463-469, 2001.
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INTRODUCTION

Hepatitis B virus (HBV) uses a complex overlapping
coding strategy to produce proteins essential for viral
replication and maintenance of the structural inte-
grity of the virion. The virion envelope surface protein
consists of three polypeptides of 226 (major 8), 281
(middle S), and 400 (large S) amino acids [Seeger and
Mason, 2000). Variations within the “a” determinant
and other parts of the major S protein have led to the

© 2001 WILEY-LISS, INC.

iecognition of nine different serotypes. Specifically,
amino acid changes at residues 122 and 160 are
responsible for the expression of two d/y and w/r
subdeterminants, respectively [Okamoto et al., 1988].
The d and y or w and r determinants are mutually
exclusive.

Although the overlapping coding pattern puts a
substantial constraint on the susceptibility of HBV
genomes to variation, involvement of the error-prone
reverse transcriptase enzyme, which lacks proof-read-
ing activity in the viral replication cycle, has lead to a
high degree of genetic variability among HBV strains
circulating worldwide [Boyer et al., 1992]. With a
distinct geographic distribution, HBV strains are
traditionally classified into six genotypes, A to F, on
the basis of genomic diversity [Norder et al., 1993].
Strains belonging to genotype A are found mainly in
Northwestern Europe, Central Africa, and North
America [Norder et al., 1993]. Members of genotypes
B and C predominate in Asia [Okamoto et al., 1988].
Most HBV strains found in the Americas belong to
genotype F [Magnius and Norder, 1995]. HBV isolates
from the Mediterranean area and the Middle East
belong to genotype D. The recently characterised
genotype G has been found in the United States and
France [Stuyver et al., 2000].

In Afriea, viruses belonging to five genotypes Ato E
have been found. An extensive study of genotypes A, B,
C, and D circulating in South Africa has been reported
[Bowyer et al., 1997]. Genotype D was also recently
reported from Tunisia [Borchani-Chabchoub et al,
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2000]. The description of members of genotype E has
hitherto been limited to viruses recovered from human
and chimpanzees in Angola, Liberia, Senegal, and
Central Africa [Norder et al., 1994], Apart from these
reports, however, information on the genotypes circu-
lating in Africa is very scanty.

The nucleotide sequences of twenty HBV strains
obtained from Nigeria are described. Even in this
most populous country in Africa, an important centre
of commerce and population mixes with a prevalence
of hepatitis B virus carriers as high as 10-40%
[Olubuyide et al., 1997], there is no information on
the genotype of HBV circulating in the country. This
information may be important in predicting the efficacy
of subunit vaceines and sensitivity of diagnostic re-
agents for the detection of hepatitis B surface antigen
(HBsAg) in clinical samples. Partial sequence analysis
of HBV isolates may also contribute to a better under-
standing of the evolutionary history of HBV strains
amolrég peoples indigenous to different parts of the
world.

MATERIALS AND METHODS
Patients

Sera were collected from cases referred to the
department of Virology, University College Hospital,
Ibadan, Nigeria, between June 1996 and September
1998. Most of the sera used in the study (NIE0O01,
NIE003, NIE004, NIE006, NIE007, NIE009, NIE013,
NIE014, NIE017, NIE021, NIE022, NIE023, and
NIE026) were from cases of acute hepatitis (SGOT:
80-1084 i.u./l, SGPT: 44-392 i.u./l; bilirubin: 4.1-25 mg/
ml). The remaining sera (NIE002, NIE005, NIEO10,
NIE012, NIE024, NIE030, and NIE031) were obtained
from cases referred to the department after recovering
from acute hepatitis as well as from asymptomatic HBV
carriers. Sera positive for hepatitis B surface antigen
(HBsAg) by a commercial Enzyme Immunoassay (EIA)
kit (Murex, Dartford, UK) were stored at —20°C. Cases
of hepatitis were regarded as unrelated when the
possibility of transmission among the cases could not
be inferred from the case history.
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DNA Isolation, Polymerase Chain Reaction,
and Cycle Sequencing

HBV DNA was isolated from serum using a modifica-
tion of the method of Boom et al. [1990]. Briefly, 150 ul
of serum was mixed with lysis buffer and 10 pl of DNA
binding resin. After short vortexing, the mixture was
incubated for 1 hr at 37°C and centrifuged at 13,000
rpm to pellet the resin. The pellet was washed three
times with washing buffer, and subsegquently with 70%
ethanol and acetone. After drying the pellet at 56°C,
DNA was eluted from the resin with TE buffer and
immediately used for polymerase chain reaction (PCR).

The complete pre:S/S gene was amplified to yield a
product of approximately 1.4 kb with sense primers
2810 and antisense primer 979 (Table I) [Bowyer et al.,
1997). Nested primers were then used to amplify a
fragment encompassing the 3-end of the pre-S1 gene,
the complete pre-S2 region and the S gene (Table I).
PCR products were purified using the Concert ™ Rapid
PCR Purification System (Gibeo Life Technologies). The
products were sequenced in both directions using the
ABI Prism® BigDye ™ Terminator Cycle Sequencing
Ready Reaction kit (Applied Biosystems [ABI], Nieu-
werkerk, The Netherlands) using the PCR primers as
sequencing primers. Sequences were analysed using
the Sequencing Analysis program (version 3.0, ABI).
The Sequence Navigator program (version 1.0.1; ABD)
was used to align the forward and reverse sequences to
ensure reliability of the generated sequences and to
resolve possible ambiguous nucleotides.

Data Analysis

Sequence alignments were made using ClustalX
[Thompson et al.,, 1997]. The obtained results were
used for further analysis using the Phylogenetic
Inference Package (PHYLIP) version 3.5 [Felsenstein,
1993). Distance calculations were made using the
neighbour joining method with the Kimura-2-para-
meter model of nucleotide substitution (transition/
transversion ratio set at 2.0) as implemented in
DNAdist component of PHYLIP. Apart from this
distance matrix method, the sequences were also
analysed by maximum likelihood method using the

TABLE 1. PCR and Sequencing Primers

Primer name Primer sequence Position*
2810" CACGTAGCGCCTCATTTTCTGGGTCACCATATTCT 27942828
979" CAAAAGACCCACAATTCTTTGACATACTTTCCAAT 1010-977
Mclntosh-F” TCGGATCCGGTATGTTGCCCGTTTGTCC 450-477
PF ACATTCCACCAAGCTCTGCA 8-27
PR AGGTTCCTTGAGCAAGAG : 547-531
PRES2-F CAACAAGGTAGGAGTGGGAGCAT 3009-3031
PRES-R TCAACAAGAAAAACMCCGCCTGT 221-199
S-F GTGTCTTGGCCAAAATTCGCAGT 295-317
S-R GGAAGATGATAAAACGCCGCAGAC 404-381

“Numbering is according to the full-length HBV genome of HHVBBAS; accession number X75657.

“Melntosh et al. [1998].
"Bowyer et al. (1997,
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DNAML and DNAPARS programmes in the PHYLIP
package, Bootstrap trees (100 replicates) were gener-
ated using both the ClustalX and PHYLIP and
visualised using the TREEVIEW program.

RESULTS

Twenty new isolates of HBV from Nigeria were
aligned with 49 reference isolates representing all the
six known genotypes of HBV across a 831-nt interval
encompassing the complete pre-S2 region and the S
gene. Following comparison of the complete pre-S/S
gene sequences of these new HBV isolates from Nigeria
with the genotype reference sequences, a phylogenetic
tree was produced (Fig. 1). All the 20 Nigerian isolates
from the present study were shown to belong to
genotype E although none was completely identical to
any other sequence. The Nigerian HBV strains showed
a mean diversity of 1.5% while a mean diversity of less
than 0.4% was seen among other genotype E viruses
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(distance matrix not shown). Members of genotype E,
including the Nigerian isolates, were related most
closely to viruses indigenous to chimpanzees (CHIMP
genotype, mean divergence of 5.7%), members of
genotype D (6.0%), and members of genotype C
(6.4%). While the tree showed distinct sub-clusters
within the branches of genotype D and CHIMP, no such
pattern was found among genotype E.

In addition, in-frame deletions ranging from 12 to 21
nucleotides or four to seven amino acids in length were
found in five of the Nigerian HBV isolates (Fig. 2). One
of the isolates (NIE010) was also found to contain a
single amino acid codon deletion at the 3'-end of the pre-
S1 gene. Analysis of subtype-specific mutations within
the sequences of the S protein showed the conservation
of the lysine at residue 160 while the lysine at residue
122 was mutated to arginine (L122R) in all the twenty
isolates. The leucine at residue 127 was also conserved.
This pattern of mutation classified the isolates as
subtype ayw4. Of all the twenty isolates, only one
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Fig. |. Phylogenetic analysis of HBV isolates from Nigeria. Reference strains representing genotypes A,
B, C, D, and F were named according to Bowyer and Sim [2000). Genotype E; BAS, X75657; E4, X75664;

Genotype G: 1G, AF160501.
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(NIE003) showed a mutation (T131N) within the “a”
determinant of the HBsAg sequence. Examination of
amino acid changes in other regions of the HBsAg
sequence apart from the “a” determinant showed
mutations that are unique to three Nigerian isolates
(F80S on isolate NIE014; G43R, H60Y, and Q101H on
NIE009; 168N, C69W, and I92N on NIE004).

. DISCUSSION

HBYV isolates obtained from 20 cases of hepatitis and
chronic HBV carriers from Ibadan, Nigeria were
analysed in the present study. Although the isolates

ino acid seq
indicate as deletions.
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the carboxy half of preS] and complete preS2 regions

were obtained in the same hospital from patients living
in the same city, no epidemiological linkage could be
established among cases. Therefore, these HBV strains
were considered to be representative of the strains
circulating in the community [Hardie and Williamson,
1997). HBV isolates generally share at least 85%
nucleotide sequence homology. Based on a complete
genome alignment, the genotype demarcation varies
between 8.5 and 10% [Okamoto et al., 1988]. The pre-
S2/S nucleotide sequences described here showed a
mean divergence of 6.4-10.4% with reference
sequences belonging to genotype A, B, C, and F, The
Nigerian isolates cluster closely with genotype E
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viruses (1.5% nt divergence) and are, therefore,
classified as genotye E viruses.

With respect to genotype D, genotype E isolates
showed a divergence of only 6.0%. This observation is
similar to that of Kidd-Ljunggren et al. [1995] who, on
the basis of the nucleotide sequences of the X gene,
questioned the differentiation of genotype E as a
separate monophyletic group distinct from genotype
D. These workers showed that members of genotype E
consistently clustered with genotype D irrespective of
the phylogenetic methods used to analyse the X gene.
However, recent analysis of complete genome of
hepatitis B viruses showed that they do form a sepa-
rate genotype when the envelope gene was analysed,
despite a greater similarity of other genomic regions
with genotype D. This phenomenon was demonstra-
ted to be due to genome recombination events [Bowyer
and Sim, 2000],

Only a few isolates from West Africa have been
described so far and all of these were assigned to
genotype E [Norder et al., 1994). So far, genotype E
viruses have been found exclusively in human sera
from Angola, Gambia, Liberia, and Senegal and in
Chimpanzees originating from West and Central Africa
[Norder et al., 1994; Kidd-Ljunggren et al., 1995;
Takahashi et al., 2000]. In other parts of Africa, e.g.,
South Africa, only the genotypes A, B, C, and D were
found [Rivkina et al., 1988; Chirara and Chestsanga,
1994; Bowyer et al., 1997].

Furthermore, no genotype E virus has been detected
so far in the Americas or any other part of the world
despite the forced migration of slaves from West Africa
to the New World [Norder et al., 1994; Arauz-Ruiz et al.,
1997]. This may suggest that West Africa was free of
chronic HBV until genotype E emerged after the slave
trade subsided in the mid to late nineteenth century.

In this context, it is interesting that genotype
E viruses have been isolated from captive and wild-
born chimpanzees [Takahashi et al., 2000). Although it
was suggested that this could also be explained by the
practice of injecting human serum into chimpanzees
after their capture in Africa [Hu et al., 2000], HBV from
West and Central African chimpanzees are related
closely to genotype E (5.7%) (and genotype D; 6.1%;
Fig. 1). Similar to the limited geographie distribution of
genotype E, genotype F was found only in the Americas
[Bollyky et al., 1997]. On the basis of signature pattern
analysis of amino acids, both genotype E and F viruses
are related most closely to chimpanzee viruses [Taka-
hashi et al, 2000}, Thus, chimpanzees may be a
possible source of separate primate to human transmis-
sion events of HBV both in South America and West
Africa.

Despite the different host species and geographic
origins, a diversity of less than 1% was observed among
earlier isolates of genotype E, suggesting that genotype
E may be less variable than other genotypes. Other
researchers [Bowyer and Sim, 2000] showed that
members of genotypes A, B, C, and D are diverse
enough to justify classification into subgroups with
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inter-subgroup divergence of up to 4%. This high level
of intragenotypic diversity, even among isolates found
within the same city [Bowyer et al., 1997; Mbayed et al.,
1998], has been interpreted as an indication of end-
emicity and a long natural history of these genotypes
within their human hosts. In our isolates, combined
with earlier genotype E isolates, the diversity of
genotype E reached only 1.5%. The low diversity of
these isolates from a country for which a hepatitis B
prevalence of up to 40% has been reported [Olubuyide
et al., 1997] is therefore particularly striking, and may
be an additional indication of a more recent introduc-
tion of genotype E viruses from a limited source.

HBYV is well known to develop adaptive strategies to
overcome host immune mechanisms. As a result, novel
variants may evolve. Mutations within the “a” deter-
minant of the major S protein have been described in
surface antigen mutants following hepatitis B im-
munoglobulin treatment or vaccination [Zuckerman,
2000]. An analysis of the variability of the “&"
determinant of HBsAg in the present study showed
that none of the viruses carry mutations previously
associated with escape from neutralising antibodies.
However, one of the twenty isolates from Nigeria
(NIEOD3) carries a mutation in this important antigenic
determinant. The T131N mutation, within the major
hydrophilic region of the “a” determinant, although a
natural variation of the adw serotype, was recently
found in Singaporean patients and vaccinees who
tested negative for HBsAg, but positive for anti-HBV
core antibodies (anti-HBc) [Chen and Oon, 2000]. These
workers showed that this mutation resulted in failure
to detect HBsAg in the sera of patients by antigen
capture enzyme immunoassay (EIA) using monoclonal
and polyclonal sera directed against the “a” determi-
nant. These mutants were also not neutralised by levels
of anti-HBs antibodies (10 mlU/ml) that are generally
believed to be protective. This mutation did not
interfere with the detection of HBsAg by Murex antigen
capture EIA kit. The apparent discrepancy between
both studies may be explained by differences in formats
and antibodies in the in-house [Chen and Oon, 2000]
and the commercial EIA.

Although mutations within the “a” determinant often
lead to the emergence of mutants that escape from
vaccine induced neutralising antibodies, mutations
outside the “a” determinant have also been found to
be very important, especially in mutants escaping from
antibodies resulting from natural infection [Moriyama
et al.,, 1991). Other researchers [Gerken et al., 1991;
Santantonio et al., 1992; Yamamoto et al., 1994] have
consistently associated mutants showing deletions of
39-60 nucleotides in the pre-S2 region with chronic
HBV infections. Two viruses (NIE010 and NIE024) that
were collected from patients almost one year after onset
of acute hepatitis, had a four-amino acid deletion in the
pre-S2 regions. Isolate NIE0O24 had a mutation that
abolished the AUG initiation codon, in the pre-S2
region, for the translation of the middle S protein. This
is in agreement with the finding of a high level of
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rearrangements and inactivating mutations in the pre-
S2 region during progression from acute to chronic
HBV infection [Gerner et al., 1998). Surprisingly,
however, a four- and a seven-amino-acid deletion
was also found in NIEQO1 and NIE009, two viruses
associated with cases of acute hepatitis with high levels
of serum transaminases and bilirubin. The amino
terminal end of pre-S2, represented by residues 1-24,
has been shown to contain potent HLA-1 and HLA-2
restricted immunodominant epitopes important in the
primary response to HBV infection [Meisel et al., 1994;
Chisari, 1995]. It is, therefore, conceivable that the
occurrence of deletions and mutations in this region
will confer an advantage on the HBV present in the
patients even during the acute phase of the infection,
Thus, deletion mutants may evolve early during the
disease and predominate during chronic infection. The
finding of such mutants in acute hepatitis may suggest
that viruses carrying immune-induced “escape muta-
tions” that are generally associated with symptom-free
chronic HBV infection in mon-endemic areas may be
found also in acute cases of hepatitis in endemic
regions.

A detailed knowledge of the variability within the
antigenic determinants of HBV is important in the
design of subunit vaccines and diagnostic reagents for
use in the endemic areas of the world. Furthermore,
phylogenetic studies may contribute to a better under-
standing of the natural history of HBV strains circu-
lating in West Africa and beyond.
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