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Abstract

Background: Hepatitis B virus (HBV) is a major global health problem especially in sub-Saharan Africa and in East
Asia. Ten hepatitis B virus genotypes have been described that differ by geographic distribution, disease
progression, and response to treatment. Escape mutations within the surface open reading frame (ORF) affect HBV
antigenicity leading to failures in diagnosis, vaccine and hepatitis B immunoglobulin therapy. However, the
molecular characteristics of HBV in Botswana, a highly endemic country, are unknown. We describe the molecular
characteristics of HBV and prevalence of escape mutants among HIV/HBV coinfected individuals Botswana.

Methods: DNA was extracted from archived plasma samples from 81 HIV/HBV co-infected participants from various
clinical studies at the Botswana Harvard AIDS Institute Partnership. A 415 base pair (bp) fragment of the polymerase
gene was amplified by semi-nested PCR. In a subset of samples, a 2100 bp fragment was amplified. The PCR product
was genotyped using Big Dye sequencing chemistry and the sequences were analysed for genotypes and mutations.

Results: Of the 81 samples included, 70 (86 %) samples were successfully genotyped. Genotype A was found in 56
(80 %) participants, D in 13 (18.6 %), and 1 (1.4 %) was genotype E. Escape mutations previously linked with failure of
diagnosis or escaping active vaccination and passive immunoglobulin therapy were detected in 12 (17.1 %)
participants at positions 100, 119, 122, 123, 124, 126, 129, 130, 133, 134 and 140 of the S ORF. Genotypes and escape
mutations were not significantly associated with aspartate aminotransferase (AST), alanine aminotransferase (ALT) and
AST platelet ratio index (APRI).

Conclusion: Genotypes A, D and E were found in this cohort of HIV coinfected patients in Botswana, consistent with
the findings from the sub-Saharan Africa region. Some escape mutations which have previously been associated with
diagnosis failure, escaping vaccine and immunoglobulin therapy were also observed and are important in guiding
future policies related to vaccine implementation, therapeutic guidelines, and diagnostic guidelines. They are also
important for identifying patients who are at an increased risk of disease progression and to choose optimal therapy.
Future research should focus on determining the clinical significance of the different HBV genotypes and mutations
found in this population.
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Background

The Hepatitis B virus (HBV) still remains a global health
problem especially in sub-Saharan Africa and East Asia
despite the availability of a safe and effective vaccine [1]. It
is estimated that there are 240 million hepatitis B chronic
carriers worldwide [1, 2] and it accounts for 780,000
deaths per year due to acute infections, cirrhosis of the
liver, and hepatocellular carcinoma (HCC) [1].

Hepatitis B, a prototype of the family Hepadnaviridae,
consists of a 3.2 kb partially double-stranded DNA ar-
ranged in four overlapping open reading frames (ORFs)
[3, 4]. The open reading frames are the polymerase [3-5],
surface [3, 6, 7], precore/core and the X gene [3, 6, 8, 9].
HBYV replicates via reverse transcriptase, an enzyme which
has no proof-reading capabilities; hence, nucleotide misin-
corporations are more common than in other DNA vi-
ruses [3]. This has led to the emergence of 10 genotypes
A-J [10, 11] classified according to whole genome nu-
cleotide divergence of >7.5 % [12-15]. Genotypes A-D
and F have been further classified into subgenotypes
[16] based on nucleotide divergence of 4 to 7.5 % [12].
These genotypes and subgenotypes have been shown to
have a distinct geographic distribution [12, 17] which
might be due to human migration after infection [18].
Genotype A is predominant in Western Europe, Africa
and Asia; Genotypes B and C in East Asia; D has a
worldwide distribution but is mostly in the mediterranean
region; E is prevalent in West and Central Africa; F in
South and Central America; G and H in Europe and
Japan; I in Vietnam and Laos; J in Japan [12, 19-21]. The
predominant genotypes in Africa are A, D and E [22]. The
clinical significance of the genotypes has also been dem-
onstrated by several studies [23, 24] which might be due
to differences in pathogenesis between genotypes [25].
They have been shown to differ according to the course of
disease, development of mutations, and response to anti-
viral therapy [26-28]. The information on genotypes is
important in identifying patients who are at an increased
risk of disease progression and in choosing optimal ther-
apy [25].

The hallmark of hepatitis B diagnosis is based on detect-
ing the hepatitis B surface antigen (HBsAg). This region
consists of the major hydrophilic region (MHR), an anti-
genic structure which spans from codon 99 to 169 [29]
within which there is the @’ determinant, the most anti-
genic part of the S gene (amino acid 120 to 147) [30-33].
The ‘@’ determinant is the main target for neutralising
antibodies used in active, passive immunisation and in
diagnostic assays [34]. Mutations within this region might
affect its antigenicity leading to no or weak reactivity
with serological assays [29, 35]. They might also lead to
the virus escaping the antibodies produced during ac-
tive vaccination and immunoglobulin therapy [29, 35].
The information on escape mutations is important for
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guiding policy when developing future vaccines, therapy
strategies and diagnostic kits. Also, different diagnostic
approaches and treatment strategies might be needed for
different regions. HBV often requires lifelong treatment
by reverse transcriptase inhibitors, and this might be ham-
pered by development of resistance mutations.

In 2013 the World Health Organization (WHO) issued
a statement to its member states, including Botswana, on
the global policy report on the prevention and control of
viral hepatitis: “Thus, global efforts to make hepatitis a
public health priority need to be transformed into preven-
tion and control strategies that are tailored to specific
conditions at the national and sub-national levels"
[36]. However, Botswana, a country with HBV/HIV co-
infection prevalence ranging from 4 to 10.6 % [37, 38],
has scanty data on hepatitis B prevalence and the mo-
lecular characteristics of the hepatitis B virus circulat-
ing in the country are unknown. The research reported
here was aimed at characterising molecularly HBV in HIV
co-infected patients in Botswana to determine the circu-
lating genotypes and to describe the mutations found in
the HBV strains.

Methods
Study participants
This was a retrospective cross-sectional study. Archived
plasma samples from treatment-naive HIV/HBV co-
infected adults were used. A convenient sampling method
was employed whereby samples from known hepatitis B
positive participants from several previous studies con-
ducted at Botswana Harvard AIDS Institute Partner-
ship were used. Anonymous, unlinked plasma samples
from 81 of the participants were available for use in this
research.

The study was approved by Human Research Devel-
opment Committee (HRDC) at Botswana Ministry of
Health.

DNA extraction

DNA was extracted from 200 ul of serum sample using
QiAamp DNA Mini Kit according to the manufacturer’s
instructions (Qiagen, Hilden, Germany). An elution vol-
ume of 50 ul was used. The extracted DNA was directly
amplified after extraction or stored at —80 °C until ready
for amplification.

Amplification and sequencing for 415 base pairs

A 415 bp fragment of the surface gene was amplified
by semi-nested PCR using Platinum 7azqg DNA Poly-
merase High Fidelity kit according to manufacturer
(Invitrogen ,USA) [39]. The first round had a 5 min
denaturing step at 94 °C, and then 30 cycles of de-
naturing for 45 s at 94 °C, annealing for 30 s at 50 °C,
and elongation at 72 °C for 90 s, with extension at 72 °C
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Table 1 Primers used for PCR and sequencing

Primer Name Sequence 5'-3’ Position

P1 CCGGAAAGCTTGAGCTCTTCTTTTTCACCTCTGCCTAATCA 1821-1841
P2 CCGGAAAGCTTGAGCTCTTCAAAAAGTTGCATGGTGCTGG- 1823-1806
Werle AS CGTCAGCAAACACTTGGC 1175-1192
Core F GTGTGGATTCGCACTCCT 2269-2287
HBV-3 CGTTGCCKDGCAACSGGGTAAAGG 2478-2455
HBV-N ACTGAGCCAGGAGAAACGGACTGAG GC 1991-1965
HBV-P TCATCCTCAGGCCATGCAGT 1292-1311
HBV-Z AGCCCTCAG GCTCAGGGCATA 1179-1199
HBV-H TATCAAGGAATTCTGCCCGTTTGTCCT 1767-1793
P6 GGCAGGTCCCCTAGAAGAAGAACT 2363-2386

for 10 min using HBV840 (5'-GTTTAAATGTATACCCA
AAGAC-3";nt840-861) and HBV381 (5'-TGCGGCGTTT
TATCATCTTCCT-3'; nt381-402 ) primers [39]. The
second round commenced with denaturation at 94 °C
for 5 min and then 30 cycles of denaturation at 94 °C
for 45 s, annealing at 55 °C for 30 s, elongation at 72 °C
for 60 s, and extension at 72 °C for 10 min using
HBV381 and HBV801 (5'-CAGCGGCATAAAGGGA
CTCAAG-3" nt801-822;) primers [39]. The final prod-
uct was visualized on 2 % agarose gel stained with eth-
idium bromide, and the PCR products were purified
using QiAquick PCR Purification Kit according to the
manufacturer’s instructions (Qiagen, Hilden, Germany).
Primers HBV 381 and HBV 801 were used for sequence
reactions. Sequencing clean up was done using ZR DNA
Sequencing Clean up Kit according to the manufacturer
(Zymo, USA). Sequencing of the amplified region was
done using Big Dye sequencing chemistry on an ABI
3130x] genetic analyzer (Applied Biosystems, Foster City,
CA). Sequences were submitted to National Center for
Biotechnology Information (NCBI) Genbank under acces-
sion numbers KR139680 to KR139749.

Amplification and sequencing for 2100 base pairs

For samples with sufficient DNA, a 2100 bp fragment
of HBV was amplified by nested PCR using a Taq poly-
merase kit from Invitrogen (kit name and manufac-
turer) in a reaction volume of 25 ul. The PCR cycling
conditions for both rounds included a 2 min denaturing
step at 95 °C, and then 40 cycles of denaturing for 30 s
at 95 °C annealing for 30 s at 60 °C, elongation at 72 °C
for 4 min, and a final extension of 10 min at 72 °C. The
sequences of primers used are given in Table 1. The
first round PCR primers were P1 and P2 whilst the sec-
ond round PCR used the Core F and Werle AS primers
to amplify a 2100 bp region of HBV covering amino
acid position 1-344 of the polymerase gene. The final
product of both rounds was visualized on a 1 % agarose

gel stained with ethidium bromide and the samples
with amplification were then purified using QIAquick
PCR purification Kit from Qiagen. The sequencing was
done using Big Dye sequencing chemistry with primers
Core F, HBV-3, HBV-N, HBV-P, HBV-Z, HBV-H and
P6. A 3130XL ABI sequencer was used to generate the
sequences.

Analysis of the research results

Sequences were manually edited using Sequencher 5.0,
and consensus sequences were formed from the over-
lapping sequences. The consensus sequences were then
uploaded on two online databases: The Stanford HBV
database [40] to give the genotypes and resistance mu-
tations, and Geno2Pheno, another online database [41]
was used to confirm the genotypes, resistance muta-
tions and to give escape mutations. Phylogenetic ana-
lysis was then performed to confirm the genotypes and
rule out contamination. Sequences from this research
and genotypes A-I references from NCBI Genbank
were aligned using ClustalX software version 2.1. The
accession numbers for the HBV references were:

AB076678, DQ020002, AY2333282, GQ331047,
GQ331046, GQ331048, GQ477494, EU594385,
FJ904434, AY233276, FM199974, AY233279,
FJ692596, F]692598, F]692613, HM363612,
Table 2 Characteristics of participants

Characteristics n

Age, median (Q1, Q3) years 32 (26, 40) 81
Gender, female, n (%) 67/81=(82.7 %) 81
CD4 + T cell count, median (Q1, Q3), 241.7 (135.1, 446.5) 78
cells/mm?

HIV-1 RNA level, median (Q1, Q3), 47 (43,53) 80
log10 copies/ml

AST, median (Q1, Q3), IU/L 256 (196, 35.8) 80
ALT, median (Q1,Q3), IU/L 19.8 (115, 30.1) 80




Anderson et al. BMIC Infectious Diseases (2015) 15:335

Page 4 of 9

98

MA4
A1-AB076678-Malawi

i 0.01 |

MAS6

A2-GQ477494-Poland

MA14
Al1-DQ020002-Congo
MAG3
MA46
MASS
MAG
MA2
MA27
MA12
MAS9
MAL
MA19
—— MA42
MAS2
MASS
MA17
MAS4
|I\'IA1 6
MA28
MA44
MA3S
[———MAI3
I IA—\l-.-\Y233282-SA
MA31
—— MA9
MAI11
MA43
. N6-GQ331047-Belgium
A6-GQ331046-Belgium
A6-GQ331048-Belgium
MAS0
MA26
MA34
MAG2
|MA30
MAS3
MAS1
MA33
MA47
82

MAGS
Al-AY233276-SA

A
L A2-FJ904434-Tunisia
MAA40

385-Estonia

| |l\lA3 8
MA24

MAGG
MA70

MA3
MAG9
e A1-AY233279-SA

90 1A5-F1692596-Haiti
A5-F1692598-Haiti
66 AS5-FJ692613-Haiti

A3-HM363612-Nigeria

69

—
E-DQO060824-Namibia

MA4S

D4-AB048701-Australia

A4-AM180623-Mali
A3-AB194951-Cameroon
A3-HM363613-Nigeria
E-AB106564-Ghana

MAA4S8

MA32
73 | ll\ 1A41
73 MA25

MA36

MAILS

D3-JIN664938-India
| D3 131956-Germany
D3-AJ344117-France

68

71

——MA29
MA37

| —————Maw
MAG61

MA23

L MAI8

D4-AB033559-Papua

]

97

values (1000 replicates)

D3-AB188245-Japan
D7-DQY91753-Ireland
D7-FI1904439-Tunisia

—
I—D7-I-‘J904405-'1'111)151‘«1

C-AB048705-Australia
———¢

ABO033556-Japan
C-AB493838-Indonesia

D5-DQ
D

MAGO

A1-FM199974-Rwanda

315779-India
B033558-Japan
DS5-IN664947-India

Fig. 1 Maximum likelihood phylogenetic tree of Botswana sequences and Genbank HBV references. References names start with subgenotype,
accession number and country whereas Botswana genotypes start with MA. The numbers at the nodes represent the percentages of the bootstrap
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AM180623, AB194951, HM363613, AB106564,
DQ060824, AB048701, JN664938, AJ131956,
AJ344117, DQ315779, AB033558, JN664947,
AB188245, DQ991753, FJ904439, FJ904405,

AB033559, AB048705, AB033556 and AB493838. The
Phylogenetic tree was constructed using Maximum
Likelihood algorithm implemented in RAxML under
the GAMMA model of rate heterogeneity [42, 43].
The statistical support for each node was assessed by
bootstrap analysis from 1000 bootstrap replicates per-
formed using the rapid bootstrap algorithm imple-
mented in RaxML version 8 [44]. Pairwise distances in
multiple sequence alignments were computed using
the Maximum Composite Likelihood model [45] in
MEGA 6.06 [46]. Aspartate aminotransferase (AST),
alanine aminotransferase (ALT) and AST platelet ratio
index (APRI) [47] were compared between genotypes
using two sample Wilcoxon rank-sum (Mann—Whitney)
test. Participants with escape mutations and those without
were also compared using the same test for the said pa-
rameters. The threshold of significant fibrosis (APRI >1.5)
and cirrhosis (APRI >2) were used [47]. P values <0.05
were considered significant.

Results

Characteristics of participants

This research included 81 participants 60 (74 %) of
whom were females (Table 2). There were more females
because most available samples were from HIV preven-
tion of mother to child transmission cohorts.

Prevalence of genotypes

Of the 81 plasma samples amplified for the 415 bp frag-
ment, 70 (86.4 %) were successfully sequenced. 56
(80 %) were genotype A, whereas 13 (18.6 %) were in-
fected with genotype D, and 1 (1.4 %) participant had
genotype E (Fig. 1). For 52 samples, amplification of the
2100 bp fragment was attempted, and 10 (19.2 %) were
successfully genotyped, including 6 classified as genotype
A, 3 as genotype D, and 1 as genotype E. These genotypes
were concordant with those determined using the 415 bp
fragment.

The subgenotypes were only determined from the gen-
02Pheno database, as the 415 bp region was too short to
give resolution for the subgenotypes in the phylogenetic
tree; however, it is sufficient to determine the genotypes.
All A genotypes for the 2100 bp fragment belonged to
subgenotype Al, while all the genotype D samples
belonged to subgenotype D3. No samples were found
to harbor any known HBV drug resistance mutations.

Prevalence of HBV escape mutations
HBYV escape mutations, which were previously reported
as associated with either failure of diagnosis, active
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Table 3 Escape mutations found in participants and the
corresponding genotypes

Mutation Frequency
Y100C 1
G119R 1
R122K 1
T123A 1
C124R 1
T126N 1
Q129R 3
G130N 1
M133L 1
M133T 1
F134v 1
T140S 1

Genotype

> >» » » » >» > > > O >» O

immunisation or immunoglobulin therapy, were found
in 12 (17.1 %) patients. The substitutions detected in-
cluded Y100C, G119R, R122K, T123A, C124R, T126N,
Q129R, G130N, M133T, M133L, F134V and T140S
(Table 3). There were eight escape mutations which
were previously associated with failure of diagnosis
(YI00C, R122K, T123A, C124R, TI126A, QI29R,
M133T and M133L); three for failure of immunoglobu-
lin therapy (G119R, C124R, and T126N) and four for
vaccine escape (T126A, Q129R, M133L and F134V).
The escape mutations were also searched for manually
in BioEdit (Figs. 2, 3, 4 and 5).

Factors associated with liver disease severity

Significant liver cirrhosis was present in 3/69 (4.3 %) of
which two participants had genotype A and one had
genotype D. None of this three participants had escape
mutations. Significant liver fibrosis was not found in
any of the participants. Genotypes were not significantly
associated with AST, ALT and APRI (p values: 0.882,
0.773, 0.388 respectively). Having escape mutations was
also not significantly associated with AST, ALT, and APRI
(p values: 0.825, 0.601, 0.160 respectively).

Discussion

We report here for the first time on the HBV genotypes
circulating in HIV/HBV co-infected patients in Botswana
and the presence of potential escape mutations. Three
HBV genotypes were found at the following frequencies:
genotype A (80 %), genotype D (18.6 %), and genotype E
(1.4 %). These genotypes are consistent with the literature
on the HBV genotypes circulating in the sub-Saharan
Africa region [22]. A study in South Africa found the same
genotypes (A and D), even though genotype A was still
the predominant genotype and the proportions were dif-
ferent (93 % versus 80 %) in Botswana [48]. This difference
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Fig. 2 Manual alignments of genotype A and genotype A consensus sequence. Dots indicate identity to the genotype A consensus

Leoncensus CLIELLVLLDYGGMLEVCELIRGSTTT8TGRCRTCT T BAgGNaMEPaCCCTRETDGNCTCI IR AR AR Y LHENASVRE SWLSLLY PEVGHEVCLIPTVHL SV MR Y NGPILINILEP

VLS TN ST | R UTUTRRTPRRRR

Fig. 3 Manual alignments of genotype A escape mutants and genotype A consensus sequence. Dots indicate identity to the genotype
A consensus
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Fig. 4 Manual alignments of genotype D and genotype D consensus sequence. Dots indicate identity to the genotype D consensus

might be due to the differences in the populations be-
tween the two countries.

A study by Scheiblauer et al. evaluated performance of
multiple HBsAg assays and found that of the 70 Kkits
evaluated, 32 (45.7 %) gave false negative results for
some of the S gene escape mutants showing that escape
mutations affect the sensitivity of some assays [49]. The
mutant M133L was one of those which could not be de-
tected even by one of the polyclonal antibody assays [49]
suggesting that recognizing the antigen by the antibodies
is more important than the type of diagnostic test [50].
There were other studies which had also demonstrated
failure of diagnosis of this mutant [51]. The mutant
Q129R which was found in three of the 70 participants
has also been associated with diagnostic failure [51], and
this might be due to its effect of decreasing surface pro-
tein secretion as reported in China [52]. Furthermore
the mutant Q129R and MI133L have been associated
with vaccine escape [53, 54]. A recent study by Forbi et
al. involving samples from Ghana, Cameroon, Uganda
and Ivory Coast also found the mutant M133L in a
Cameroon participant and QI129R in a sample from
Uganda [55]. However, this study identified fewer escape
mutations (7.7 %) [55]. These disparate findings may
reflect differences in genotypes [56] as their study had
mostly genotype E which was found in only one partici-
pant in the present study [55] as genotype E has been
found predominantly in West Africa [57]. The research
done by Huang et al. also associated the mutant C124R
with weak reactivity with some of the commercial serology
assays [52]. Research done in Poland by Grabarczyk et al.
detected QI129R, G130N, and M1331 mutants [58].

Furthermore, another study in China which utilized
11,221 hepatitis B sequences from NCBI found most of
the escape mutations including G130N, M133L, M133T,
C124R, T123A, and Q129R with frequencies of mostly
>1 % [32]. Mutant F134V has been associated with vaccine
escape. The reason some mutations which were previously
linked with diagnosis failure were detected in this research
might be because of the Murex HBsAg kit which was used
has been shown to detect some of the mutants including
M133L and Y100C [59]. The most frequently reported
vaccine escape mutation, G145R was not found in this
population similar to what has been reported in Oman
[60] but in contrast to other studies [55].

The current study is the first to report molecular
characterization of HBV in Botswana, a high HBV en-
demic area. Hepatitis B genotype D was found in 13 of
the 70 participants (18.6 %) which might mean some of
the HBV patients in Botswana might not respond to
interferon therapy. Some escape mutations which were
previously linked with escaping diagnosis, passive and
active hepatitis B immunization were detected. Some
diagnostic kits have difficulty detecting some genotypes
like Genotype D and some S gene mutants; therefore, it
is important to know the molecular characteristics of
the circulating HBV in the population especially in
areas were blood transfusion screening is done only by
the use of serological assays as in Botswana [49]. No
baseline resistance mutations were found hence all oral
antiviral drugs might be effective in this population.
This study found no significant difference in APRI, a
non invasive test which has been recommended by
WHO for staging of liver disease in resource limited

Donsensus DYQGMLPVCPLIPGSSTTSTGPCRTCTTPAQGTSMYPSCCCTKPSDGNCTCIPIPSSWAFGKFLWEWASARFSWLSLLVPFVQWFVGLSPTVWLSVIWMMYWGPSLYSILSPFMPL

HA1S
HALS

Fig. 5 Manual alignments of genotype D escape mutants and genotype D consensus sequence. Dots indicate identity to the genotype

D consensus
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settings [47], between genotypes and escape mutations.
These results concur with a multicentre study which
was done in France [61] and is in contrast to what has
been reported by Lacombe et al. [62]. Significant liver
cirrhosis was found in 4.3 % and none of the partici-
pants had significant liver fibrosis according to the re-
cent WHO guidelines [47].

Conclusion

The HBV genotypes found circulating in Botswana were
genotypes A (80 %), D (18.6 %) and E (1.4 %). These data
are important in guiding future treatment strategies
since 18.6 % of HBV-infected people might not respond
to certain antiviral treatment like interferon therapy.

Escape mutations which were previously associated with
failure of diagnosis, vaccine and hepatitis B immunoglobu-
lin therapy escape were also observed. The information on
escape mutations is important when developing diagnostic
tests, vaccines and hepatitis B immunoglobulin therapy.
They lower efficiency of the HBV vaccine, increase rates
of liver disease and pose a risk of transmission to others
through blood transfusion where only serological assays
are used in blood screening.

The molecular characteristics of hepatitis B virus have
been reported for the first time in Botswana. The hepa-
titis B virus molecular characterization work is import-
ant to inform policy makers when developing future
diagnostic tests and strategies, vaccines and immuno-
globulin therapy and choosing antiviral therapy which will
be most effective for the population. No baseline resist-
ance mutations were found; hence all oral antiviral drugs
might be effective in this population. The genotypes and
escape mutations were not significantly associated with
stage of liver disease in this study.

The limitations of this research are that the sample size
is relatively small, and it only included the HIV-positive
participants which were mostly women; thus, these data
may not be generalizable to other populations. There
might be other HBV variants in the population which
were not picked up in this research. Only the S gene es-
cape mutations were determined but there are other clin-
ically important mutations in other genes of the virus.

There is a need in future to generate data in a larger
sample size which can be extrapolated to the general
population. Future work is also needed to determine
the clinical significance of genotypes and escape muta-
tions in Botswana and also to amplify other genes of
the Hepatitis B virus.
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