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Abstract

Background: Hepatitis B virus (HBV) is the smallest partially double-stranded, reverse-transcribing
DNA virus, with four open reading frames (ORFs) encoding viral proteins. It is classified into nine
geographically distributed genotypes (A-I). In Kenya, the molecular characterization of HBV among
patients seeking medical care remains poorly defined. Objectives: This observational study aimed to
characterize HBV among patients seeking medical care in the endemic region of Kenya, focusing on
circulating genotypes and ORF mutations. Methodology: Serum samples were collected from the
outpatient departments of selected health facilities, with demographic and clinical information
extracted from patients’ medical records. Hepatitis B surface antigen (HBsAg) was tested at the
facilities, and a total of 85 HBsAg-positive samples were collected for molecular analysis. The basal
Core promoter and pre-core (BCP/PC), polymerase, and surface regions of the viral genome were
amplified and sequenced to determine genotypes and to profile their mutations. Results: Out of 85
HBsAg-positive samples, 38 samples tested positive for HBV DNA, and 26 samples were successfully
sequenced. HBV genotype A was prevalent 73.1% (19/26), followed by genotype D 23.1% (6/26), and
genotype E 3.8% (1/26). Genotype A sequences clustered with both Al Asian and African
subgenotypes, whereas genotype D clustered with subgenotypes D6 and D1. All HBV genotype A,
D, and E sequences were serotypes adw2, ayw2, and ayw4, respectively. HBV core promoter
mutations (A1762T/G1764A) were detected in both genotype D and genotype A isolates. The pre-
core G1896A mutation was highly prevalent in genotype D samples (5/6; 83.3%) but was not observed
in genotypes A or E. Analysis of mutations within the aa determinant region revealed genotype-
specific patterns: genotype A predominantly harbored V14A, P46H, S58C, and P67Q substitutions;
genotype E showed N59S; and genotype D exhibited V14A, C69stop, S104T, and W182stop
mutations. Two drug resistance mutations (V191I and A194T) were present in two chronic patients,
one with genotype A and the other with genotype D. Conclusion: HBV genotypes A and D are the
most prevalent among Kenyan patients with chronic HBV infection. The presence of point mutations
in the ORFs among patients seeking medical care highlights the need for a molecular surveillance to
better understand the viral diversity and its potential clinical and public health implications.

Keywords: HBV genotypes; D/E recombinants; S-gene mutation; BCP/Pc mutation; liver patients

1. Introduction

Hepatitis B Virus (HBV) is a prototype member of Hepadinaviridae and the only one in this family
that infects humans [1,2]. HBV infection may lead to a broad spectrum of liver diseases ranging from
acute self-limiting hepatitis, asymptomatic carrier state, to chronic hepatitis and progressing to liver
cirrhosis and Hepatocellular carcinoma (HCC) [3]. Two important features make HBV unique; first,
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its way of replication, where it uses the pregenomic RNA as an intermediate step for reverse
transcription [4-6] and second, the efficient utilization of its compact genome for the production of
seven different proteins from 4 open reading frames (ORFs) [4,7]. These translation products include
three Surface envelope glycoproteins PreS1, PreS2, and S; core (C) and e antigens (HBcAg and
HBeAg); viral polymerase (Pol); and the X protein (HBx) [8-10]. Mutations within the HBV ORFs,
driven by the virus’s lack of proofreading activity during replication, may alter viral protein
expression and replication dynamics, thereby influencing disease progression and management
outcomes. [7,11].

HBYV genome that differs >8% from other HBV genomes and >4% in S gene is classified as a new
genotype [12-15]. To date there are 10 HBV genotypes (A-]) identified worldwide, with different
geographical distribution, clinical outcomes, disease progression [12,14,16], risk of HCC and
populations vulnerable to the infection [17]. In Africa, genotypes A, D, and E are known to be
predominant at various proportions in many parts [12,15]. In Eastern Africa, Genotypes A and D are
endemic in Kenya [18-21], Uganda [22], and Tanzania. [23,24] In Sudan, genotype D and E are
predominant [25,26]. In settings where multiple HBV genotypes co-circulate, intergenotypic
recombination occurs and contributes significantly to HBV genetic diversity and molecular
epidemiology. [21,27,28]. HBV genotypes and viral variants have been associated with specific
clinical features of HBV-related liver disease and hepatocellular carcinoma, although their influence
on clinical outcomes is not fully established, genotypes A and D have been linked to increased disease
severity and reduced treatment response [3,29].

To date, Hepatitis B virus (HBV) infection remains a major cause of liver disease and cancer
worldwide with approximately 1.2 million new HBV cases reported annually and an estimated 1.1
million deaths each year [30]. In Kenya, the national prevalence is estimated at 3.5% [31] with areas
of the North Rift recording a high prevalence of >10.0% [21] and the Kenya Cancer Registry listed
liver cancer as the third cause of mortality [32] This study aimed to characterize HBV among patients
seeking medical care in HBV-endemic regions in Kenya and to identify circulating genotypes and
ORF mutations.

2. Materials and Methods

HBsAg-positive blood samples of patients seeking medical services at outpatient departments
of Marigat subcounty referral hospital and in Moi teaching and referral hospital (MTRH), Eldoret,
were collected. These regions are in the North and Central Rift Valley respectively and have reported
high prevalence of HBV [21,31]. Approval to carry out the study was obtained from Kenya Medical
Research Institute (KEMRI)-Scientific Ethical Research Unit (KEMRI-SERU) SERU/SSC No.2436,
Maseno University (MSU) ethical committee (MSU/DRPI/MUERC/01121/22), and National
Commission for Science, Technology and Innovation (NACOSTI/P/23/31205). Similarly, written
informed consent was obtained from all participants, with the consent process conducted by trained
personnel at the facility. The selected HBsAg positive samples were temporally stored at -20 °C at the
facility before they were transported to KEMRI in a cold chain for further processing.

HBV-DNA Extraction and Amplification

Viral DNA from the serum was extracted using QIAGEN® blood DNA extraction kit following
the manufacturer’s protocol. The HBV complete genome was amplified using primers given in Table
1 and as previously described by Giinther et al., 1995 [33]. Briefly, 5 uL of DNA extract was used in a
25 uL PCR master mix containing the Expand High Fidelity assay (Roche), 1.5 mM MgCl», 1.25mM
dNTP (Qiagen), and 20uM primer P1-P2 in 10 uL of 5X buffer. The amplification reactions were
carried out as a “hot start” PCR and thermocycling conditions as described by Giinther et al., 1995
[33]. The amplicons were visualized on a 2% agarose gel electrophoresis, and any PCR-negative
sample was re-amplified in the second stage. Five microliters (5 puL) of the first stage PCR was used
in the nested PCR using FLG1 and FLG2 primers given in Table 1 as described by Osiowy et al. 2006
[34]. The recipe for the master mix and the thermocycling conditions were as in stage 1.
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The pre-core and BCP region were amplified by nested Polymerase Chain Reaction (PCR) using
primers given in Table 1, and as previously described by [35]. Five microliters of the first-stage PCR
amplicons were used for the second amplification with 52 and C2 primers for HBsAg and BCP/PC,
respectively. The master mix and PCR profile were similar to those in the first round. All 1st and 2nd
round amplicons were gel-purified before sequencing and the sequences were treated as previously
described by Kowalec et al.,2013 [36]. One microliter of nested PCR product for BCP and S-gene was
analyzed on a 1.2% agarose gel in 1X TBE buffer stained with SYBR Green (Invitrogen®).

Table 1. Primers used for amplification.

PhenoP1" (1821-1843) 5'-CGGAAAGCTTATGCTCTTCTTTTTCACCTCTGCCTAATCATC -3’
PhenoP2" (1825-1804) 5'-CCGGAGAGCTCATGCTCTTCAAAAAGTTGCATGGTGCTGGTG -3
FLG1 (F) (1826-1843) 5'- CACCTCTGCCTAATCATC -3’

FLG2 (R) (1820-1804) 5'- GTTGCATGGTGCGGTC-3’

S1ft 5’- TCCTGCTGGTGGCTCCAG-3

S1rt 5- CGTTGACATACTTTCCAATCAA-3

C1t (EP1) GCATGGAGACCACCGTGAAC

C1t (EP2) GGAAAGAAGTCAGAAGGCAA

C2t (EP3) CATAAGAGGACTCTTGGACT

C2t (EP4) GGCAAAAAAGAGAGTAACTC

“Giinther et al., 1995(33); *Osiowy C et al., 2010 (35)

HBV- Isolates Sequencing

All PCR-positive amplicons were purified using the Qiagen Gel purification kit according to the
manufacturer’s recommended protocol. Purified DNA was quantified with Nanodrop (Thermo
Scientific, Wilmington, USA), and purified DNA (50ng) was then sequenced using an automated ABI
3750 XL Genetic Analyzer (Applied Biosystems, Life Technologies). Sequencing conditions were
specified in the protocol for the Taq DyeDeoxy Terminator Cycle Sequencing Kit. Directly amplified
sequences were assembled and analysed using DNA sequence analysis software (Lasergene software
suite v7.1.0, DNASTAR). Sequences were aligned and edited separately using ClustalX v2.0.1 [37]
and databases were aligned using MAFFT [38] respectively.

Determination of HBV genotypes and sequence analysis

Genotypes were determined based on phylogenetic analysis of complete surface region
sequences or using the NCBI genotyping tool (https://www.ncbi.nlm.nih.gov/projects/genotyping/).
Phylogenetic analysis was carried out using MEGA 12.0.14, trees were constructed by Kimura 2-
parameter matrix and trees were viewed by tree view program [39]. All sequences were analyzed in
both forward and backward directions. Mutations were determined by aligning the obtained
sequences with known wild type gene bank sequences using clustalW and BioEdit software.
Mutations on the functional regions of the BCP (1750-1795), pre-core mRNA initiation sites (1788-
1791), pre-genomic RNA (1817-1821) and other upstream mutations were analyzed. Complete S-gene
alignment with respective genotypes was also done. PreS1, PreS2, Surface and part of the polymerase
spanning from catalytic domain A-E was analyzed for mutations. Determination of the genotype
alignment was carried out using a wild-type genotype specific nucleotide downloaded from NCBI
data bank.

3. Results

Out of 85 HBsAg positive samples selected, 32 and 38 samples were successfully amplified and
sequenced for the surface and BCP/pre-core regions of the virus, respectively. Of the sequenced
samples, only 26 samples yielded high-quality sequences suitable for analysis. Using the NCBI HBV
genotyping tool [40], analysis of the viral surface region sequences revealed that 73.1% (19/26) of the
isolates belonged to genotype A, 23.1% (6/26) to genotype D or D/A recombinant forms, and 3.8%
(1/26) to genotype E.
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3.1. HBV Genotype A Circulating in Kenya

Following phylogenetic analysis using both neighbor-joining and Maximum likelihood, it was
observed that all HBV genotype A isolated were subtype Al. There was no clear distinction between
A1 Asia and Africa subtypes, the isolates clustered with isolates from across the globe (Figure 1). For
those isolates that clustered with African subtypes, they clustered with isolates from Tanzania,
Rwanda, Congo and Somalia. For the Asian subtypes our isolates clustered with Philippines and
Bangladesh. It was interesting to note that 5/19 isolates (AMP4098, AMP4030, AMP4094, AMP4233,
and AMP4048) did not cluster closely with any sequence, however they distantly clustered with
sequences from Asia and South Africa. Similarly, 4/19 isolates (AMP 4099, AMP4274, AMP4097 and
AMP4006 clustered with sequences from Tanzania, Rwanda, Congo and Haiti (Figure 1). Samples
collected from the same locality and family clustered together with >92% bootstraps (AMP4279 and
AMP4242, AMP4105 and AMP4175, AMP4098 and AMP4030) (Figure 1).

3.2. HBV Genotype D, E and Their Recombinants

The predominant HBV/D sub-genotypes circulating in these areas were sub-genotype D6; 4/6
(66.7%), followed by D1 2/6 (33.3%) and the rest were recombinants of genotype D 1(16.7%) (Figure
1). All the HBV genotype D6 isolates closely clustered with sequences from West Africa mainly
Tunisia whereas those of D1 clustered with sequences from Asia, Iran, Lebanon and China. HBV
Genotype E closely clustered with sequences from Senegal and Cote d’Ivoire (Figure 1).
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Figure 1. Phylogenetic Analysis of HBV Genotypes isolates among patients seeking medical services in endemic
regions in Kenya. Phylogenetic analysis of the partial HBV surface coding region (nt. 1-588, aa. 1-196). Twenty-
six partial sequences (from HBsAg positive, HBV DNA positive chronically infected patients from the North Rift
region of Kenya) were aligned with GenBank reference sequences, shown as the GenBank accession number
followed by HBV genotype or subgenotype and country of origin. Aligned sequences were analyzed by
maximum likelihood using a K2+y substitution model as the most fit model for the sequence data. Non-
parametric branch support, calculated by the approximate likelihood-ratio test based on a Shimodaira-
Hasegawa-like procedure, is shown (>0.9). The ruler shows the branch length for a pairwise distance equal to
0.01. Black circles, study sequences (Kumar et al. 2016). GenBank NCBI accessory numbers: MN080535-
MNO080554.
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3.3. Identification and Profile of Mutations in in Open Reading Frames of HBV Genotype D and E

Mutations observed in HBV/D and E in the Pre-S2 and S regions did not follow a specific pattern,
with each patient exhibiting a unique mutation profile. However, BCP/PC regions there was a pattern
(Table 2). Al HBV/D and E patients were ayw2 and ayw4 serotypes respectively and harbored at least
two mutations in the ORF. Notably, we did not observe any mutations in polymerase and Pre-S/S
regions of two patients (AMP4070 and AMP4071). Three mutations were prevalent in HBV/D and E
BCP/PC gene; 5/7(71.4%) had G1757A 4/7(57.1%) had G1896A. Other specific mutations were a 9-
nucleotide insertion at 1687 (sample AMP4275) and double mutation A1762T/G1764A (sample
AMP4167) (Table 2). Few mutations were detected in the polymerase and Pre-S/S regions; however,
two patients (AMP4226 and AMP4275) had up to four mutations within the surface region. The only
mutation observed in the polymerase region was V191I (Table 2).

Table 2. Mutations in Pre-S, S and Polymerase regions.

Genotype  Pre-S2 mut (aa 5- HBsAg mut (aa1- RT (pol) rt80 (incl 25

Code No. BCP/PC (nt1653-1896)

(Serotype) 55) 196) seq) —rt236/250
AMP4020  E(Aywd) ] N598 - G1757A
AMP4047  DI1(Ayw2) - R79H - G1757A, G1896A
AMP4070  D6(Ayw2) - - - G1896A
AMP4071  D6(Ayw2) - - - G1896A
C1653T, T1753C,
AMP4167  D6(Ayw2) D51V - - G1757A, A1762T,
G1764A, G1896A
14V, T23E, L26H,
AMP4226  D1(Ayw2) - S31T. D3AN - A1752C, G1757A
9bp ins at nt 1687,
AMP4275  D/E(Ayw?) - s\li(l)i?/v%izszt;%p V1911 G1757A, A1762T,
' G1764A, G1896A
L12Q, G102A,
AMP4006  Al(adw2) T104K, G1308,
F134L
AMP4030  Al(adw2)) C76Y, G130S
AMP4034  Al(adw2) W36L
AMP4048  Al(adw2) D33N A1762T, G1764A
AMP4095  Al(adw2) P46H, V177A
AMP4097  Al(adw2) C1766T
AMP4098  Al(adw2) F20S
AMP4233  Al(adw2) G7R, Y161F
AMP4242  Al(adw2) V14A, $58C, P67Q A194T
AMP4273  Al(adw2) P46L, L49H
AMP4279  Al(adw2) V14A, S58C, P67Q

Pre-52 mut (aa 5-55) incl 14 seq
HBsAg mut (aa 1-196) incl 26 seq
RT (pol) rt80 (incl 25 seq) —rt236/250 (incl 17 seq)
BCP/PC (nt1653-1896) incl 12 seq

3.4. Mutations Occurring in HBV Genotype Al

All the samples were adw2 serotype. Of the 19 HBV/A samples, 11 (57.9%) had mutations. In
PreS2, none of the samples had mutations, while in the Polymerase gene, mutation A194T was
observed in one sample (AMP4242). No consistent mutation pattern was observed in the HBsAg
determinant region, with three patients (AMP4006, AMP4242, AMP4279) having up to three different
mutations in the area (Table 2).

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202601.1204.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 19 January 2026 d0i:10.20944/preprints202601.1204.v1

7 of 12

3.5. Mutations that Co-Existence with Each Other in Pre-Core and BCP Mutations

A higher number of mutations was observed in the BCP/PC region of HBV/D and HBV/E
compared with HBV/A1; therefore, mutation profiles of the basal core promoter and Pre-core regions
(nucleotides 1750-1900) were further analyzed in HBV/D and HBV/E. We identified varying
frequencies and patterns of the mutations (Table 3). Of clinical note, one patient (AMP4167) with
hepatocellular carcinoma (HCC) exhibited a complex mutation profile including T1753C,
A1762T/G1764A, C1858T, G1896A, and T1768A (Table 3). Similarly, the single genotype E isolate
contained a unique insertion of AACAATT, at position 2698 of the viral polyprotein.

Table 3. Genotype D Isolate, Basal Core Promoter and Pre-Core Mutations in Hepatitis B Virus.

Pre-core and BCP mutations

Sample 1762,  1802- 1814,

ID_Genotype 1753 00 oS 1809-1812 . 185 1862 1884 1888 1896 1899
AMP4047 D1 T AG CG GIAC TG T G T G A G
AMP4070_D6 T AG CG GCAC AT T G T G A A
AMP4226_D1 T AG CG GCAC AG T G T G G G
AMP4071_D6 T AG CG GCAC AT T G T G A A
AMP4167_D6 C TA CG GCAC AA T G T G A A
AMP4275_D/E T TA CG GCAC AG T G T G A G
AMP4020_E T AG CG GCAC AG C G Y G G G

4. Discussion

HBV remains a significant global public health challenge and has been prioritized by the World
Health Organization for elimination by 2030. A central policy objective of this strategy is the timely
identification of new cases of chronic hepatitis B infection to enable linkage to care and prevent
transmission. Kenya is categorized as a middle endemic zone with HBV rate of 3.5% [31] and Rift
Valley region of Kenya is among the areas with high prevalence of hepatitis B, estimated at 92.9%
among patients presenting with jaundice [21] and 6.3-13% in the general population [31,41].

Phylogenetic analysis of HBV partial S-gene sequences revealed a heterogeneous viral
population comprising genotypes A, D, and E, consistent with the diversity reported across Eastern
Africa. HBV genotype Al remains the predominant genotype in Kenya among patients and blood
donors [18-21]. This is consistent with the well-established predominance of Al in East and Southern
Africa [15,42]. A subset of genotype A isolates including clustered with Central African, Caribbean
Europe and Japan reference sequences, reflecting the broader global dispersal patterns attributed to
historical human migration or regional strain importation. Genotype D isolates formed well-
supported clusters aligning with reference sequences from the West Africa, Middle East, North
Africa, and Europe. The pattern is consistent with the known broad distribution of genotype D
[25,26]. We identified HBV genotype E, which is a predominant genotype confined to West Africa
(Cote d’Ivoire, Ghana, Cameroon, and Nigeria) and rarely reported in East Africa [43]. Our findings
suggest either potential cross-regional viral introduction or the presence of previously undetected
minority HBV genotype E lineages circulating within the community.

Studies from the southern regions of Kenya indicate that HBV genotype A is the sole circulating
genotype, [18,44—46] consistent with the predominant genotypes reported in neighboring countries
[23,24,47]. In this study, the prevalence of HBV genotypes D and E was observed among communities
in northern regions where these genotypes are known to predominate [25,48]. This clustering pattern
reflects the geographic origins, cross-border transmissions and evolutionary trajectories of these
genotypes. Unlike previous studies that demonstrated a clear distinction between Asian and African
HBYV genotype Al clades [18], the present study shows that HBV/A1 isolates cluster randomly with
sequences from both Asia and Africa, regions where this genotype is prevalent.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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Sequences from patients originating from the same locality clustered together with high
bootstrap support, indicating community-level clustering and localized HBV transmission,
particularly in endemic areas with high prevalence of genotypes D and A. This finding is consistent
with community and familial transmission recently observed in this region during the
implementation of community-level HBV control strategies [41]. These findings emphasize the need
for targeted community-based interventions, especially to understand transmission of genotypes E
and the circulating recombinants.

Viruses co-evolve within human hosts and continually diverge through mutation, a key factor
in the persistence and success of viral infections [49]. HBV exhibits a high mutation rate driven by its
replication strategy, with important implications for viral fitness and antiviral resistance [50]. With
estimated substitution rates of ~2 x 104 per site per year or higher, and a lack of proofreading activity,
this underscores HBV’s substantial genetic variability [34,51]. The data presented in this study
showed mutations in genotype A, D, and E isolates in the BCP, PreS, overlapping S gene and
polymerase gene. On BCP/pre-core the nucleotide exchange mutation of prominence were double
A1762T (A=T; changing lysine to methionine) and G1764A (G=A; changing valine to isoleucine),
which have also been detected in severe liver disease patients and is associated with HCC [52,53] and
reduced expression of HBeAg but enhanced viral genome replication [54,55]. Other studies found
out that the mutation emerges sometimes earlier before the onset of HCC [56]. This mutation, which
is predominant in HBV genotype D, can be detected up to eight years before HCC diagnosis and,
either alone or in combination with other viral mutations, predicts HCC development in
approximately 80% of cases [57].

V1911 and A194T HBV polymerase region mutations observed in this study, have been
implicated in altered viral behavior and clinical outcomes; while A194T has been reported in the
context of tenofovir treatment failure and polymerase variability, V191l has emerged in some cases
with virologic breakthrough and may act as a secondary/resistance-associated variant [58,59]. These
findings highlight the need for further investigation beyond identification to clarify their impact on
treatment outcomes and viral persistence

This study observed a high mutation frequency in the HBsAg region compared to other ORFs
investigated. Mutations in this region can alter HBsAg antigenicity, resulting in immune escape from
anti-HBs antibodies, vaccine- or HBIG-induced immunity, or causing diagnostic escape [60]. We
identified mutations within the “a” determinant (amino acids 124-147), including G130S and F134L,
which are associated with MHR variability and immune-escape phenotypes [60-62]. The impact of
the other mutations identified in this study remains unclear; however, occult hepatitis infection has
previously been reported in these communities. [63].

Conclusion: HBV genotypes A and D predominate among chronic infections in Kenya. The
detection of point mutations in viral ORFs among patients in care highlights the need for molecular
surveillance to inform clinical and public health responses.

Limitation of the study: Most samples failed to amplify or sequence the BCP/PC or S-region
genes despite repeated attempts, likely due to low viral concentrations in serum.

5. Conclusions

HBV genotypes A and D predominate among chronic infections in Kenya. The detection of point
mutations in viral ORFs among patients in care highlights the need for molecular surveillance to
inform clinical and public health responses.
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Abbreviations

The following abbreviations are used in this manuscript:

BCP/PC  Basal core promoter gene/Pre-Core
dNTP Deoxynucleotide Triphosphate
DNA Deoxyribonucleic Acid

HBV Hepatitis B virus

HBV/A1  Hepatitis B virus Genotype Al
HBV/D  Hepatitis B virus Genotype D
HBV/E Hepatitis B virus Genotype E

HCC Hepatocellular carcinoma

HBsAg Hepatitis B surface antigen

KEMRI  Kenya Medical Research Institute’s

LMIC Low- and middle-income countries
ORFs Open Reading Frames
PCR Polymerase Chain Reaction

WHO World Health Organization
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