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Hepatitis B virus precore/core region mutations and 
genotypes among hepatitis B virus chronic carriers in 
South-Eastern, Nigeria

Introduction

Hepatitis B virus (HBV) infection is a major cause of acute and 
chronic liver disease and affects approximately two billion people 
worldwide. More than 240 million people worldwide are chronic 
carriers and may develop serious complications in the future.[1] 
In 2015, the World Health Organization (WHO) estimated that 
HBV infection resulted in about 887,000 deaths due to cirrhosis 
and hepatocellular carcinoma (HCC). The prevalence of HBV 
infection is highest in the WHO Western Pacific Region and 
the WHO African Region, where 6.2% and 6.1% of the adult 
population are infected respectively.[2] In Nigeria, HBV is 
hyperendemic with the seroprevalence of hepatitis B surface 
antigen (HBsAg) estimated to range from 10% to 40%.[3-8]

The therapeutic response and pathogenicity of different 
HBV genotypes vary. According to the overall nucleotide 

sequence variations of the entire genome, HBV is classified 
into at least ten different genotypes (A-J) differing by 
at least 8% of the DNA sequence. These genotypes are 
furthermore divided into different subgenotypes that differ 
by at least 4%. Genotype and subgenotype distributions vary 
with geographic location. Genotype E occurs in West and 
Central Africa.[9,10]

HBV mutations have been found both in acute and chronic 
patients and in all the four HBV open reading frames (preS/S, 
polymerase, precore/core, and X). Mutations in the precore/
core open reading frame mainly results to HBeAg negative 
hepatitis because this region controls the transcription of 
precore mRNA. The precore mRNA is used exclusively for 
expression of the precore protein, which is a precursor of 
secreted HBeAg.[11] The e antigen is an important target for 
antibody mediated and cell-mediated immune responses. 
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Hence, the loss of e antigen production by precore mutants 
may help the virus to evade the host immune response. The 
occurrence of the precore mutation seems to be a strategy of 
viral selection secondary to the immunological pressure against 
HBV.[12] A variety of these mutations have been observed. They 
usually result by developing a stable Watson–Crick base pair 
match so as to stabilize a convoluted area of the HBV genome, 
known as the e encapsidation signal, which is very important 
for productive HBV replication. These mutations have a role 
in ensuring the perpetuation of viral replication by enhancing 
the stability of the secondary structure of the pregenomic RNA 
through the disruption of base pairing within the secondary 
structure.[11,13]

Resistance to drugs for HBV treatment as a result of 
HBV mutation has been observed.[14,15] Resistance to the 
immunomodulators, interferon (IFN) alpha-2b and pegylated 
IFN (PEG IFN) alpha-2a have been reported to be caused 
by precore mutations which appear to influence response to 
treatment.[16,17] The precore stop codon mutation (G1896A) 
is resistant to IFN treatment.[17,18] Viral mutations have also 
been reported to be associated with reactivation. The HBV 
precore G1896A mutation is known to be associated with HBV 
reactivation.[19-23] Fatal cases of HBV reactivation harboring 
this mutation have been reported.[24,25] The emergence of 
this mutant might predict a possible occurrence of HBV 
reactivation.

This study aimed at determining the HBV genotypes and 
frequency of occurrence of known precore/core region 
mutations in HBV DNA sequences from chronically infected 
patients in South-eastern, Nigeria.

Methods

The participants are HBsAg positive patients diagnosed with 
chronic HBV infection, who visited the Polymerase Chain 
Reaction (PCR) Laboratory in Nnamdi Azikiwe University 
Teaching Hospital, Nnewi, Anambra State, Nigeria. A total of 
72 participants were enrolled into the study. They were males 
and females aged between 20 and 67 years.

The study is a cross-sectional study, which was carried out 
between January 2018 and June 2019. The participants were 
recruited by consecutive sampling method during their visit 
to the laboratory. The consenting participants who met the 
inclusion criteria were recruited.

Inclusion criteria
The inclusion criteria were a diagnosis of chronic HBV 
infection, which is defined as HBsAg positivity for more 
than 6 months. Hence, patients from the South-eastern part of 
Nigeria whose laboratory request forms indicated a diagnosis 
of chronic HBV infection and were treatment naïve, were 
enrolled into the study.

Exclusion criteria

The patients diagnosed with cirrhosis or HCC and pregnant 
women were excluded from the study. The participants that 
tested positive to human immunodeficiency virus (HIV I and II) 
antibodies were also excluded from the study.

Ethical statement

An ethical clearance was issued by the Health Research Ethics 
Committee of the Nnamdi Azikiwe University Teaching 
Hospital, Nnewi, Anambra State (Reference number: NAUTH/
CS/66/VOL.10/33/2017/028) on January 12, 2018. Informed 
consent was taken from all individual participants.

Serology

Five milliliters of whole blood were collected from 
the par t ic ipants  in  tubes  containing potass ium-
ethylenediaminetetra-acetic acid and 2 ml was also collected 
in plain tubes. The plasma and serum were separated within 24 
h. The samples were assayed for HIV I and II using Determine 
test kit (Alere, Belgium). The samples that tested positive were 
excluded from the study.

The plasma samples were tested for HBeAg, HBeAb, HBsAg, 
HBcAb, and HBsAb using a lateral flow chromatographic 
immunoassay (Combo Cassette HBV panel immunoassay 
manufactured by Lusys Laboratories Inc U.S.A) which 
has a 99.9% sensitivity and 99.75% specificity. The 
interpretation of test results was performed according to the 
manufacturer’s specification. Assay was also carried out for 
hepatitis C virus (HCV) antibodies using the SD Bioline 
immunochromatographic rapid test kit (Standard Diagnostics 
Inc., Korea). The serum samples were used to assay for 
hepatitis D virus (HDV) total antibody and serum alpha-
fetoprotein using the enzyme linked immunosorbent assay 
technique.

Quantitative assay of HBV DNA

The HBV DNA quantification was done using the Cobas 
AmpliPrep/Cobas TaqMan system (Roche Molecular Systems, 
Inc., Branchburg, NJ, USA)

Viral DNA Isolation

The HBV DNA was extracted from the samples with detectable 
HBV DNA by the phenol-chloroform method. Briefly, 250 μl 
of plasma treated proteinase K (Qiagen, UK) was added to 
750 μl of TRIzol reagent (Thermofisher, UK). The DNA was 
subsequently precipitated with 300 μl of absolute ethanol. The 
DNA pellets were washed twice with 0.1M sodium citrate in 
10% ethanol and rinsed in 75% ethanol. The DNA pellets were 
air dried in a heating block at 37°C. Finally, 100 μl of DNAse/
RNAse-free water was added to each sample to dissolve the 
DNA.
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Amplification of the Precore/Core Gene

Nested PCR for the amplification of the HBV precore/core gene 
was performed on the samples. The ABI 2730 thermal cycler 
(Applied Biosystems, UK) was used for this purpose. For the 
first-stage PCR, 25 μl of reaction mixture, containing 2 μl of the 
DNA sample, 2.5 μl of 10× PCR buffer, 1.25 μl of 5 mM MgCl2, 
2 μl of 2.5mM dNTPs, 1 μl of each outer primer (10 μM), 0.2 μl 
of DNA Taq polymerase, and 15.05 μl of DNAse/RNase-free 
water, was amplified for 35 cycles (95°C for 60 s, 55°C for 
30 s, 72°C for 60 s) with a final extension step at 72°C for 10 
min. After the first round amplification, 2 μl of the PCR product 
was re-amplified for another 35 cycles with 1 μl of each inner 
primer and under the same condition as the first round PCR. The 
outer sense primer was 5’ -CTGGGAGGAGTTGGGGGA-3’, 
nucleotide positions 1770–1787; the outer antisense 
primer was 5’ - CAATGCTCAGGAGACTCTAA-3’, 
nucleotide positions 2476–2495; the inner sense primer 
was 5’ -GGTCTTTGTACTCGGAGGCT-3’, nucleotide 
positions 1788–1808; and the inner antisense primer was 5’ 
-GTCAGAAGGCAAAAAAGAGA-3’, nucleotide positions 
2467–2486.[26]

The PCR products were electrophoresed on 1.5% agarose gel. 
To prevent cross-contamination, DNA extraction and PCR 
reaction mixture preparation were done in separate rooms 
from that in which the amplified samples were handled. The 
WHO international standard for HBV DNA containing 103 
IU/ml which was obtained from the National Institute for 
Biological standards and controls (Hertfordshire, UK) was used 
as HBV DNA positive plasma sample for the optimization of 
the method. It was also used as a positive control for the assay. 
The negative control used for the PCR assay was DNAse/
RNAse-free water.

HBV DNA sequencing, mutation analysis, and 
phylogenetic analysis

The PCR products were purified and DNA sequencing was 
performed using the inner primers, in the forward and reverse 
directions. This was done using the Applied Biosystems genetic 
automated sequencer (ABI Prism 3130X1 Forster City, CA 
94404, USA) with the BigDye Terminator Cycle sequencing 
kit v1.1 (Applied-Biosystems). The obtained HBV precore/
core gene sequences were subjected to the National Center for 
Biotechnology Information (NCBI) Basic Local Alignment 
Search Tool (BLAST) search for initial identification of the 
HBV so as to ensure that the sequences obtained matched 
only HBV sequences (http://www.ncbi.nlm.nih.gov/blast/
Blast.cgi?PAGE=Nucleotides). GenBank sequences showing 
the highest matching scores were retrieved and retained for 
multiple sequence alignment. HBV genotypes were determined 
by phylogenetic analysis using the sequences with the highest 
BLAST hit from the NCBI website and the published HBV 
sequences available from the genotyping reference set on 
the NCBI website (http://www.ncbi.nlm.nih.gov/projects/

genotyping/view.cgi?db=2) and a few other sequences of 
genotypes not represented in the reference set. The sequences 
and all the reference sequences were used for multiple sequence 
alignment using the MUSCLE program[27] implemented in 
the Molecular Evolutionary Genetics Analysis X software[28] 

which was also used to perform the phylogenetic analysis. A 
phylogenetic tree was constructed by the neighbor-joining 
method[29] and evolutionary distances were determined using 
the Kimura 2-parameter method.[30] Bootstrap resampling 
and reconstruction were carried out 1000 times to confirm 
the reliability of the phylogenetic tree.[31] GenBank accession 
numbers of all reference sequences, followed by the country 
of origin of the strains, as well as the corresponding genotype/
subgenotype, are indicated. The sequences from this study are 
indicated by a black-colored triangular shape. Bootstrap values 
of 70 and above are shown along the nodes. The sequences 
appearing on the same node with the reference sequences were 
interpreted to be from the same genotype/subgenotype. For 
mutation analysis, the HBV precore/core gene sequences were 
re-aligned according to their genotypes using their genotype 
specific reference sequences and the nucleotide variations 
with the reference sequences were noted. The sequences were 
subsequently translated into amino acid residues and the amino 
acid variations with the reference sequences were also noted.

A total of 32 reference sequences of HBV genotypes A to J 
isolates were obtained from the NCBI database and were used 
for comparison with the sequences of the isolates in this study 
for the purpose of phylogenetic and mutational analysis. The 
accession numbers of the sequences are as follows: Genotype 
A: A1-KT327902, AF090842, KY810139; A2-X51970; A3-
AM180624; A4-AY934764; A5-FJ692554; A6-GQ331047; 
genotype B: AB602818, AB073846, D00329; genotype C: 
AB014381, X04615; genotype D: X85254, X65259, M32138, 
AB674414, AF043593, X72702; genotype E: AB032431, 
X75657; genotype F: X69798, AF223965, AB036910; 
genotype G: AB064310, AF405706, AF160501; genotype H: 
AY090460, AY090457, AY090454; genotype I: AB231908; 
and genotype J: AB486012.

Data were stored using Microsoft excel and statistical analysis 
was carried out using Stata statistical package, version 16 
(Stata Statistical Software, Stata Corporation, College Station, 
TX, USA). The categorical variables were compared using 
Pearson’s Chi-square or Fisher’s exact test while the median 
(Interquartile Range) of continuous variables were compared 
by Mann–Whitney U-test. A P < 0.05 was considered as 
statistically significant.

Results

All the participants were positive for HBsAg and HBcAb. 
HBV DNA was detected in a total of 45 samples by the 
Cobas AmpliPrep/Cobas TaqMan system. The complete HBV 
precore region and the partial core region were successfully 
amplified by nested PCR as a 500bp product in 16 participants 
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and were sequenced. The agarose gel electrophoresis result 
showing some amplified samples is shown in Figure 1. The 
phylogenetic tree obtained from multiple sequence alignment 
with reference sequences is shown in Figure 2. A total of 14 
(87.5%) sequences clustered around the subgenotype A1 
reference sequences while 2 (12.5%) sequences clustered 
around the genotype D reference sequences.

Seven of the HBV DNA precore/core gene sequences obtained 
in this study were submitted to the NCBI GenBank database 
and were assigned the accession numbers; MT893925 to 
MT893931.

For mutation analysis, a cross-section of the multiple sequence 
alignment with reference sequences of genotype A and 
genotype D is shown in Figure 3. The translated amino acid 
sequences can be seen in Figure 4. The HBeAg was negative in 
all the participants whose samples were successfully amplified 
and sequenced. The frequency of occurrence of the HBV 
precore/core gene mutations is shown in Table 1.

An assessment of the distribution of HBV precore/core region 
specific mutations among the HBV genotypes in Table 2 
showed that there exists a significant statistical difference 
between the occurrence of G1862C, G1888A, and G1899A 
specific mutations among the HBV subgenotype A1 and 
genotype D infected participants (P < 0.05, Fisher’s exact test). 
There was no significant statistical difference in the occurrence 
of other specific mutations among the HBV subgenotype A1 
and genotype D infected participants (P > 0.05, Fisher’s exact 
test). On comparing the HBV DNA and serum AFP levels 
among the genotypes, the median HBV DNA and AFP levels 
among participants infected with HBV genotype D were 
higher than that of genotype A and a trend toward statistical 
significance was observed as illustrated in the box plots shown 
in Figure 5.

On assessing the levels of HBV DNA and serum AFP in 
participants with the specific HBV precore/core gene mutation 

and those with the wild type (WT) strains, the median viral load 
and AFP level was higher among the participants with certain 
HBV specific mutations than those with the WT strains and 
vice versa but the difference was not of statistical significance. 
However, a trend toward statistical significance was observed 
in the difference between the median of HBV DNA and AFP 
levels among the participants with the G1899A mutation 
(P = 0.057 and P = 0.056, respectively), where a higher median 
value was observed among those with the mutant strains for 
both HBV DNA and AFP levels [Tables 3 and 4].

No case of HBV/HDV dual infection was observed among the 
participants whose HBV DNA was successfully sequenced. 

Table 1: Frequency of occurrence and types of HBV precore/core 
gene mutation
Nucleotide 
variation

Amino acid 
change/effect

Frequency (%) Type of 
mutation

Kozak sequence 
mutation

Altered precore 
Kozak sequence

15 (93.75) Point and 
frameshift

T1821C L3P (Leucine to 
Proline)

1 (6.25) Missense

C1826T H5S (Histidine to 
Serine)

1 (6.25) Missense

A1827C H5P (Histidine to 
Proline)

6 (37.5) Missense

T1846A No change 1 (6.25) Silent

A1850T T13S (Threonine 
to Serine)

5 (31.25) Missense

C1858T No change 5 (31.25) Silent

G1862C V17L (Valine to 
Leucine)

14 (87.5) Missense

G1888A No change 14 (87.5) Silent

G1896A W28* (Stop 
codon)

1 (6.25) Nonsense

G1899A G29D (Glycine to 
Aspartic acid)

2 (12.5) Missense

G/A1951T No change 16 (100) Silent

G1957A No change 1 (6.25) Silent

Figure 1: Agarose gel electrophoresis result of the precore/core region. Lane A=1000 bp DNA ladder, lane B= 100bp DNA ladder, lane 1= 
Hepatitis B virus (HBV) positive control sample, lane 2= HBV negative control, lanes 5, 8, 13, 14, 15, and 19 are the amplified DNA samples. 
Lanes 3, 4, 6, 7, 9, 10, 11, 12, 16, 17, 18, 20, 21, 22, 23, and 24 are DNA samples that were not successfully amplified. 
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There was no statistically significant difference between the 
frequency of occurrence of HBV precore/core specific mutation 
among the HBV/HCV dually infected participants and among 
the HBV mono-infected participants (P > 0.05, Fisher’s exact 
test) as elucidated in Table 5.

Discussion

Certain HBV precore/core region mutations reported in this 
study are indicators that patients who have chronic HBV 
infection may develop serious chronic illness, which could be a 

Figure 2: Phylogenetic tree showing the 16 hepatitis B virus precore/core gene sequences obtained in this study and the reference sequences



Mbamalu, et al.: HBV genotypes and precore/core mutation in Nigeria

31 International Journal of Health Sciences 
Vol. 15, Issue 2 (March - April 2021)

serious public health problem in Nigeria. These HBV mutations 
were present in all the successfully sequenced samples and 
may have caused the absence of HBeAg, which was observed 
in all of them. The mutations include the nonsense, missense, 
silent, and frameshift mutations occurring on the precore/core 
regions of the HBV DNA.

The G1896A mutation is a nonsense mutation occurring in 
the HBV precore region leading to a G-to-A shift, which 
causes a conversion of codon 28 from TGG (tryptophan) to a 
premature stop codon TAG, and subsequent termination of the 
expression of HBeAg.[32] This mutation has been reported to 
be significantly associated with the development of cirrhosis 
and HCC.[33] It was observed in this study at a frequency of 
6.25% [Table 1], in a participant infected with HBV genotype 
D. The report from this study is in concordance with a report 
from India where the G1896A mutation was not detected 
among the patients infected with HBV subgenotype A1 but 
in the genotype D infected patients.[34] The G1896A mutation 
has previously been reported among HIV/HBV co-infected 
Nigerians in a study done in Jos, North-central, Nigeria as 
57%.[35] It has also been reported as 34.1% in Iran,[36] 54.9% 
in France,[37] and 16.7% in India.[38] These reports are higher 
than the report from this study. The low prevalence of this 
mutation in this study is probably because of the different 

Figure 3: Multiple sequence alignment of 16 hepatitis B virus DNA sequences and genotype specific wild-type references showing the Kozak 
sequence in the basal core promoter (nt1809 to nt1813) and the complete precore gene (nt1814 to nt1900). The asterisks symbol represents 
areas of nucleotide similarity while its absence signifies nucleotide variation

Table 2: Distribution of HBV precore/core region specific 
mutations among the HBV genotypes
Mutation Subgenotype A1 

Frequency (%) 
n=14

Genotype D 
Frequency (%) 

n=2

P‑value (Fisher’s 
exact test)

Kozak 
sequence

14 (100) 1 (50) 0.125

T1821C 1 (7.14) 0 1.000

C1826T 1 (7.14) 0 1.000

A1827C 6 (42.86) 0 0.500

T1846A 0 1 (50) 0.125

A1850T 5 (35.71) 0 1.000

C1858T 5 (35.71) 0 1.000

G1862C 14 (100) 0 0.008*

G1888A 14 (100) 0 0.008*

G1896A 0 1 (50) 0.125

G1899A 0 2 (100) 0.008*

G/A1951T 14 (100) 2 (100) ‑

G1957A 1 (7.14) 0 1.000

geographical location and the genotype distribution of the HBV 
sequences obtained in this study, as majority of the sequences 
were genotype A. The occurrence of this mutation is dependent 
upon the nucleotide (cytosine or thymine) at position 1858 
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because it forms a base pair with the nucleotide at position 
1896 in the pregenomic RNA loop, at the ε encapsidation 
sign. The presence of a cytosine at position 1858 prevents 

the occurrence of G-to-A mutation at nucleotide position 
1896, as it would destabilize the stem-loop structure of the 
RNA encapsidation signal.[39] The G1896A mutation occurs 

Figure 5: Graphical representation of the median and interquartile ranges of hepatitis B virus (HBV) DNA and serum AFP levels across HBV 
genotypes A and D

Figure 4: Translated protein sequences of the complete precore gene (amino acid 1 to 29) and the partial core gene (amino acid 1 to 21). The 
precore translational stop codon mutation at codon 28 observed in SE11 is designated by “*”
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Table 3: The HBV DNA levels of the participants with specific HBV precore/core mutation compared with those with the WT strain
HBV precore/core 
mutation

HBV DNA Load (Log10 IU/mL) for participants with 
mutant strains (Median, IQR)

HBV DNA Load (Log10 IU/mL) for participants 
with WT strain (Median, IQR)

P‑value

Kozak sequence 3.51 (2.95–4.29) 6.59 (6.59–6.59) 0.159

T1821C 2.58 (2.58–2.58) 3.65 (2.97–4.33) 0.159

C1826T 2.58 (2.58–2.58) 3.65 (2.97–4.33) 0.159

A1827C 3.39 (3.0–3.65) 4.19 (2.95–5.9) 0.329

T1846A 6.59 (6.59–6.59) 3.51 (2.95–4.29) 0.158

A1850T 3.65 (3.27–5.9) 2.97 (2.88–4.29) 0.315

C1858T 3.65 (3.27–5.9) 2.97 (2.88–4.29) 0.314

G1862C 3.39 (2.95–4.09) 6.24 (5.9–6.59) 0.057

G1888A 3.39 (2.95–4.09) 6.25 (5.9–6.59) 0.057

G1896A 5.9 (5.9–5.9) 3.51 (2.95–4.29) 0.232

G1899A 6.24 (5.9–6.59) 3.39 (2.95–4.09) 0.057

G1957A 2.58 (2.58–2.58) 3.65 (2.97–4.33) 0.158
IQR: Interquartile range, WT: Wild type

Table 4: The serum AFP levels of the participants with specific HBV precore/core mutation compared with those with the WT strains
HBV precore/core mutation AFP (ng/mL) for participants with mutant 

strains (Median, IQR)
AFP (ng/mL) for participants with WT 

strains (Median, IQR)
P‑value

Kozak sequence 45 (5–95) 460 (460–460) 0.157

T1821C 60 (60–60) 45 (0–250) 0.744

C1826T 60 (60–60) 45 (5–250) 0.744

A1827C 47.5 (35–80) 47.5 (5–410) 0.828

T1846A 460 (460–460) 45 (5–95) 0.157

A1850T 80 (35–410) 45 (5–60) 0.366

C1858T 85 (35–410) 45 (5–60) 0.366

G1862C 40 (5–80) 435 (410–460) 0.056

G1888A 40 (5–80) 435 (410–460) 0.056

G1896A 410 (410–410) 45 (5–95) 0.231

G1899A 435 (410–460) 40 (5–80) 0.056

G1957A 60 (60–60) 45 (5–250) 0.744
IQR: Interquartile range, WT: Wild type

Table 5: The occurrence of HBV precore/core mutation among HBV/HCV dually infected participants
Mutation HBV/HCV dual infection frequency (%) n=7 HBV Mono‑infection frequency (%) n=9 P‑value (Fisher’s exact test)

Kozak sequence 6 (85.71) 9 (100) 0.437

T1821C 1 (14.29) 0 0.437

C1826T 1 (14.29) 0 0.437

A1827C 2 (28.57) 4 (44.44) 0.633

T1846A 1 (14.29) 0 0.437

A1850T 1 (14.29) 4 (44.44) 0.308

C1858T 1 (14.29) 4 (44.44) 0.308

G1862C 5 (71.43) 9 (100) 0.175

G1888A 5 (71.43) 9 (100) 0.175

G1896A 1 (14.29) 0 0.437

G1899A 2 (28.57) 0 0.175

G/A1951T 7 (100) 9 (100) ‑

G1957A 1 (14.29) 0 0.437
HCV: Hepatitis C virus
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frequently in genotypes/subgenotypes which have 1858T, such 
as C1, D, E, and F[11,40] and was reported to be least frequently 
observed in genotype A.[40]

A missense mutation observed in this study is the G1899A 
mutation which occurred in 12.5% of the participants [Table 1]. 
This mutation caused a change from guanine to adenine at 
nucleotide 1899 which resulted to a glycine to aspartic acid 
amino acid substitution at residue 29 of the precore region. 
The G1899A precore mutation causing the amino acid 
variation G29D have also been reported to be significantly 
associated with the development of cirrhosis and HCC.[33,41,42] 
The report from this study is higher than the report from India 
which recorded a prevalence rate of 6.1%[38] for G1899A 
precore mutation. However, it is lower than the reports from 
North-central, Nigeria where a prevalence rate of 34% was 
observed[35] and France where a prevalence rate of 29.3% 
was reported.[37] These differences may be due to the different 
geographical regions.

Another missense mutation observed in this study is at position 
1862 and it affects the bulge of the RNA encapsidation signal. 
It has been reported to occur most frequently in subgenotype 
A1 and may affect HBeAg expression at the post-translational 
level.[43-45] In this study, this mutation occurred in 87.5% of 
the participants [Table 1] and caused a nucleotide change 
from guanine to cytosine (G1862C), leading to a change in 
the translated amino acid from valine to leucine at position 
17 of the precore region. This mutation has previously been 
reported in Zimbabwe among 44% of HBV isolates from 
blood donors infected with subgenotype A1.[46] The report 
from this study is in agreement with the assertion that this 
mutation occurs frequently in subgenotype A1 sequences, as 
the mutation occurred in all the subgenotype A1 sequences and 
did not occur in any of the genotype D sequences [Table 2]. 
However, in contrast, a study done in Cameroun reported the 
occurrence of the G1862C mutation in patients infected with 
HBV genotype/subgenotype E and A3.[47]

The G1888A HBV mutation is a silent mutation of clinical 
relevance which was detected in 87.5% of the participants 
[Table 1]. This is higher than the report from a previous study 
where it was detected in 66% of sequenced strains from 
Rwanda.[48] This may be due to the fact that the majority of 
the participants in this study were infected with subgenotype 
A1 HBV strain and this specific mutant has been reported to 
occur specifically among the HBV subgenotype A1 strains.[11] 
It was interesting to note that this mutation occurred in all the 
subgenotype A1 sequences obtained in this study but none 
occurred in the genotype D sequences [Table 2].

The Kozak sequence which is located upstream from the 
precore translational start codon (1809–1813) was observed to 
be different in some of the sequences obtained in this study. It 
was not the regular wild-type GCACC sequence, but TCATC, 
as a result of a double mutation (G1809T and C1812T) which 

occurred in all the participants infected with HBV subgenotype 
A1 [Table 2]. Mutations in the Kozak sequence, which interfere 
with the translation of HBeAg is typical of subgenotype A1 
and do not occur in subgenotype A2.[40,49] It was interesting to 
note that this peculiar double mutation was observed in this 
study only among the subgenotype A1 sequences. This may be 
the reason for its high occurrence in this study as subgenotype 
A1 sequences were observed to be predominant. However, 
this did not corroborate a report from Ethiopia which recorded 
this mutation among patients infected with HBV genotypes A, 
D, and E.[50] Another Kozak sequence mutation observed in 
this study was a deletion of cytosine (C) at nucleotide 1812 
(frameshift mutation) which occurred in one of the genotype 
D sequences. This novel mutation may hamper the translation 
of HBeAg.

Mutations occurring at nucleotide positions 1821–1828, 
the region important for pregenomic RNA initiation and 
synthesis,[51] which have not been widely reported such as 
T1821C, C1826T, and A1827C mutations were observed in this 
study. Some novel mutations observed in this study which may 
also be of clinical importance include the G/A1951T, G1957A, 
and nucleotide 1812 deletion of cytosine (C). Frameshift 
mutations in the precore region have been reported to result 
to enhanced HBV replication and might be linked with the 
development of fulminant hepatitis.[52]

Some notable mutations of the HBV precore/core region which 
have been described elsewhere were not observed in this study. 
The precore start codon was conserved in all the sequenced 
strains obtained in this study. However, variations of the 
precore start codon have rarely been described but have been 
reported among a few genotype A1 strains isolated from South 
Africa and also from some untyped strains from Japan and 
Europe.[53,54] Furthermore, the core gene mutations previously 
reported to be associated with liver disease progression in 
chronic patients and particularly in HCC patients such as 
C1913A/G,[55] C1914G,[41] and G1915T[56] were not identified 
in any of the sequences from this study.

Data on the prevalence of HBV genotypes in South-eastern, 
Nigeria, are scarce. The available data on the prevalence of 
HBV genotypes in other parts of Nigeria reported that genotype 
E is the predominant HBV genotype.[7,35,57-59] HBV genotype 
E has also been reported to be predominant in Sub-Saharan 
Africa in general.[60,61] Interestingly, this was not the case with 
the present study conducted in the South-eastern part of the 
country as genotype E was not detected. The predominant HBV 
genotype/subgenotype detected in this study is subgenotype 
A1, which occurred in 14/16 sequences as shown in Figure 2. 
The HBV subgenotype A1 has been reported to circulate in 
South Africa, Malawi, Somalia, Uganda, Tanzania, Yemen, 
Nepal, Philippines, India, and Brazil.[49] It was proposed that 
genotype A originated from Africa and subgenotype A1 was 
reported to be prevalent in sub-Saharan Africa.[62] However, 
there is paucity of data available on the occurrence of HBV 
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subgenotype A1 in Nigeria. The detection of genotype A in 
this study agrees with the reports from two different studies 
carried out among subjects from South-West, Nigeria where 
HBV genotype A was detected in 15/18 subjects[63] and in 
8/49 subjects.[64] The detection of HBV genotype D (2/16) in 
this study is in agreement with a report about the genotypic 
distribution of HBV in HBV/HIV infected subjects in North-
central, Nigeria where genotype D was detected in one of the 
subjects.[35] HBV genotype D has also been reported in a recent 
study in the northern part of the country where HBV genotypes 
A, B, C, D, and E were detected through multiplex PCR.[65]

Genotypes have a significant influence on the HBV DNA levels 
of chronic HBV carriers.[66,67] The features of subgenotype 
A1 which occur as a result of the presence of mutations 
include: Lower HBV DNA levels, rapid disease progression, 
and high rate of developing HCC, even in the absence of 
cirrhosis.[11,34,43,68] It was evident in this study when comparing 
between genotypes A and D infected participants in Figure 5 
that a lower median HBV DNA level was observed among 
those infected with HBV subgenotype A1 than those infected 
with HBV genotype D. It was also observed in Figure 5 
that the median serum AFP level which is the most widely 
used biomarker for HCC[69] was higher in genotype D than 
subgenotype A1 infected participants, and the difference 
indicated a trend toward statistical significance (P = 0.056). 
However, this finding may need to be verified with a larger 
sample size, as it has been previously reported that individuals 
infected with HBV subgenotype A1, developed HCC 6.5 
years earlier than individuals infected with other genotypes/
subgenotypes.[49]

The occurrence of some HBV precore/core mutations has been 
reported to result to an increase in HBV DNA load. High HBV 
DNA loads are associated with the progression of chronic 
liver disease and an increased risk of HCC.[70] Furthermore, 
high serum AFP level in adults generally indicates a high 
possibility of HCC in patients with chronic hepatitis or 
cirrhosis.[71] In this study, as elucidated in Tables 3 and 4, 
the median HBV DNA and serum AFP levels were higher 
in participants infected with HBV strains which have some 
specific precore/core gene mutations, when compared with 
those of the participants infected with the WT strains. Although 
there were no statistically significant differences in the median 
HBV DNA load or serum AFP levels between the participants 
with the different specific mutations and those with the WT 
strains, the occurrence of G1899A mutation was marked with a 
higher level of HBV DNA and serum AFP, and a trend toward 
statistical significance for both parameters (P = 0.057 and 
P = 0.056, respectively) was evident. The case was different 
with the G1888A and G1862C mutations, in which lower HBV 
DNA and serum AFP levels were observed in participants 
infected with the mutant strains than the WT strains, and the 
differences also showed a trend toward statistical significance. 
This may be explained by the fact that these two mutations 
occurred specifically in HBV subgenotype A1 sequences which 

have been reported to have lower HBV DNA levels and high 
rate of developing HCC even in the absence of cirrhosis, as a 
result of the presence of mutations.[34,43,68,72] Low level HBV 
DNA load is not always an indication of improved conditions 
and in some patients it indicates advanced disease.[73,74]

Precore/core mutations have been reported to occur less 
frequently in HBV/HCV co-infected than in HBV mono-
infected patients because of the inhibitory effect of HCV on 
HBV.[75,76] This was observed in most cases in this study as the 
frequency of occurrence of most specific precore/core mutants 
were higher among the HBV mono-infected participants than 
the HBV/HCV dually infected participants but the differences 
were not statistically significant [Table 5].

The limitation of this study is its inability to successfully 
amplify all the DNA samples, most likely caused by several 
genetic variations that resulted to a mismatch in the PCR assay. 
There is need for future studies to explore other optimized 
techniques that will increase the rate of amplification of HBV 
precore/core gene within the study area.

Conclusion

This study is the first of its kind to report the occurrence of 
HBV precore/core gene mutations in South-eastern, Nigeria 
where HBV is highly endemic. This spectrum of mutation 
suggests the likelihood of a more severe outcome of chronic 
HBV infection within the study area. The detection of HBV 
subgenotype A1 and genotype D in this study suggests the 
predominance of HBV genotypes other than E in the South-
eastern part of the country. HBV subgenotype A1, which 
was the most common genotype detected in this study, 
is known to result to severe consequences such as rapid 
disease progression and a high rate of developing HCC. 
Consequently, determining HBV genotypes and mutations 
in the precore/core gene will provide valuable information 
for the management of patients with chronic HBV infection 
within the region.
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