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Abstract 
 
Background Genomic studies of hepatitis B virus (HBV) diversity are becoming increasingly significant to 

understand how HBV mutations interact with a wide spectrum of clinical and pathological 
disorders. 

Objective This study focused on identifying HBV genotypes and determining the status of pre-core (PC) and 
core promoter (CP) mutants. 

Methods Nested polymerase chain reaction was used to identify the viral genotypes of 100 patients with 
chronic HBV infection. Only 30 samples out of 100 were selected to determine the prevalence of 
mutations in the PC and CP by Sanger sequencing. 

Results Over 95% of the samples had only D genotype and mixed genotypes 5% (B+C+D) in chronic 
hepatitis B (CHB) patients. G1898A, G1901A, G1910A and G1915A mutations in PC gene were 
found in total 15 out of 30 (50%) samples, which were distributed in the following proportions: 12 
out of 25 (48%) in patients with hepatitis B e antigen (HBeAg) -ve, 8 samples with mutants at 
G1898A, G1901A, G1910A and G1915A (four mutations), 4 samples with mutants at G1898A, G 
1901A and G1910A (three mutations). In addition, 3 out of 5 (60%) in patients with HBeAg +ve, 
while no type of any mutation was detected in the core gene in patients with chronic hepatitis 
type B. 

Conclusion The genotype D was predominantly prevalent among HBV in CHB patients with 95% and with 5% 
in mixed genotypes (B+C+D), while genotype B and C were relatively less prevalent among CHB 
patients than genotype D. The mutations were found in the PC gene at nucleotides G1898A, 
G1901A, G1910A and G1915A, while no type of mutation was detected in the core gene. 
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Introduction 

epatitis B virus (HBV) has infected two 
billion individuals worldwide. About 
3.5% of the world's population, or 257 

million people, have a chronic infection that 

increases their chance of developing severe liver 
disease, cirrhosis, and/or hepatocellular 
carcinoma (1). HBV is a member of the family 
Hepadnaviridae, specifically the genus 
Orthohepadnavirus (2). Blood or other bodily 
fluids from an infected individual can spread the 
virus, making it extremely infectious. For a H 
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minimum of seven days, HBV can survive 
outside of the body (2,3).  
HBV genomes have been classified into 
genotypes ranging from A to J based on their 
genetic variability (>8% for the entire genome) 
(4-6). Each genotype was subdivided into multiple 
sub-genotypes (7). Within specific populations 
and geographic locations, HBV genotypes are 
distributed differently (8,9). There is a correlation 
between genotype/sub-genotype and severity 
of disease (9). Numerous HBV genotypes and 
genome mutations have been identified as 
being associated with the progression of   liver 
diseases. Their clinical significance, on the other 
hand, is still debatable (10).  
Negative test for hepatitis B e antigen (HBeAg) 
in chronic hepatitis type B (CHB) patients is 
frequently associated with pre-core and core 
promoter mutants.  The pre-core variation with 
the greatest prevalence is a G/A transition 
occurs at nucleotide (nt) 1898 (G1898A) and 
(G1899A), resulting in the formation of a 
premature stop codon that prevents the 
synthesis of the HBeAg (11). Pre-core and core 
mutations  down-regulate HBeAg synthesis, 
HBeAg can be detected in chronic hepatitis B 
patients as a marker of productive infection,  
the absence of HBeAg indicates a reduction in 
viral replication and infection due to  the 
immune response of the host, however, the 
absence of HBeAg does not necessarily indicate 
a decline in HBeAg levels and viral replication, 
but in some cases, it is only a means of evading 
immune clearance caused by mutation at the 
pre-core and core, which results in the creation 
of a premature stop codon and HBeAg synthesis 
is no longer possible.  
So, the aims of this study were to identify HBV 
genotypes, determine pre-core and core 
mutations in HBV and their impact on the 
subsequent course of liver disease and HBeAg 
expression. 
 
Methods 
The study enrolled 100 CHB patients (68 males 
and 32 females) ranging in age from 4 to 70 
years and attending Al-Imamein Al-Kadhimein 

Medical City in Baghdad, Iraq between July and 
November 2020. This study was approved by 
the Institutional Review Board (IRB) of the 
College of Medicine, Al-Nahrain University. 
Serum samples were collected from patients to 
determine the presence of hepatitis B surface 
antigen (HBsAg), HBeAg, anti-HBe, and anti-HBc 
IgG using enzyme-linked immunosorbent assay 
(ELISA) kits (Sure Bio-Tech, Hong Kong). Patients 
were classified into HBeAg +ve 13 (13%) and 
HBeAg -ve 87 (87%) CHB patients based on their 
HBeAg status. Then the serum was used to 
extract the viral DNA for genotyping using sets 
of primers to detect genotypes (A-F) by nested 
polymerase chain reaction (PCR). In addition, 
conventional PCR was used to amplify the pre-
core and core region using specific primers, gel 
electrophoresis of the PCR products, and DNA 
sequencing to determine the presence of the 
mutations. 
 
DNA extraction and HBV quantification 
Viral DNA extraction from serum sample was 
performed by using the Relia Prep™ Blood gDNA 
Miniprep System (Promega, USA), which 
provides a fast and simple technique for the 
preparation of purified DNA. The stages of the 
method are lysis of cells, binding of nucleic acid 
to column membrane, washing the bound 
nucleic acid and elution of the nucleic acid. 
 
HBV genotyping 
To determine the genotypes of HBV, we used 
primers and applied PCR. Two rounds were 
made, the first round using a pair of outer 
primers, and the second round a pair of inner 
primers. The primers used in the study were 
designed based on the conserved nature of the 
nucleotide sequences in the pre-S1 to S gene 
regions, regardless of the genotype of the HBV 
(12). The primers P1 (forward) and S1-2 (reveres) 
were used as outer primers (1,063 bases). To 
determine the genotypes, B2 was used as an 
inner primer (forward) in a combination known 
as mixture A, including A, B, C. We used 
(reveres) primers (BA1R) as (type A), BB1R as 
(type B), and BC1R as (type C); all these primers 
were in the mixture A. As for the determination 
of the genotypes (D, E, and F), B2R as (reveres) 
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primers were used in a combination known as 
mixture B, (forward) primers were used, BD1 
(type D), BE1 (type E) and BF1 (type F) and all 
these primers were included in the B mixture. 
Variation in bands sizes specific to genotype 
types were determined on the basis of primers 
in the second-round combination using the 
polymerase chain reaction technique. Table 1 
shows the strategy used to determine the types 
of genotypes of HBV. 
The first round of the PCR was carried out in a 
tube containing the following components: a 
colorless ready to use master mixture 12.5 µl, 1 
µl for each external primer, 1 µl of extracted 
DNA and 9.5 µl of nuclease-free water. The 
thermal cycler was set to run one cycle at 95°C 
for 10 minutes, followed by 40 cycles at 94°C for 
20 seconds, 55°C for 20 seconds, and 72°C for 1 
minute. The second round of PCR was carried 
out for each sample using B2 forward primer 

with mixture A that includes types A to C and 
reveres primer (B2R) with mixture B to 
determine the types D to F. As in the first 
reaction, 3 µl of the product of the PCR 
produced from the first round were added to 
two tubes, each tube containing the second 
group of pairs of internal primers with an 
amount of 0.5 µl for each  B2, BA1R, BB1R and 
BC1R in addition to 7.5 µl of nuclease-free water 
and master mixture 12.5 µl to detect mix A 
genotypes, and in second tube the same 
composition but with another pairs of internal 
primers  B2R, BD1, BE1 and BF1  to detect mix B 
genotypes, then it was amplified for 40 cycles as 
follows, preheating at 95°C for 10 minutes and 
20 amplification cycles at 94°C for 20 seconds 
and 58°C for 20 seconds and 72°C for 30 seconds 
and additional cycles at 94°C for 20 seconds and 
60°C for 20 second followed by 72°C for 30 
seconds. 

 
 

Table 1. The primers used for detection of HBV genotypes and the size of PCR products (12) 
 

 Primers The size of PCR products 
1st round PCR P1(F)/S1-2(R) 900 bp 

2nd round PCR Mix A 
B2+BA1R 68 bp 
B2+BB1R 281 bp 
B2+BC1R 124 bp 

2nd round PCR Mix B 
BD1+B2R 120 bp 
BE1+B2R 167 bp 
BF1+B2R 97 bp 

 
 

HBV mutations in the pre-core and core 
promoter regions 
The mutations in the pre-core and core genes of 
HBV were investigated using nested PCR with a 
set of primers (F and R) as given in Table 2. The 
first round of PCR was done using a ready to use 
25 µl Taq colorless master mix, 1 µl of each 
external primers (P1 and P2), 5 µl of DNA extract 
and 18 µl of nuclease-free water. The reaction 
was carried out in a thermal cycler for 36 cycles 
of 1 minute at 94°C, 1 minute at 56°C, and 3 
minutes at 72°C, followed by a 7-minute 
extension step at 72°C. For the second-round 
PCR, 2 µl of the first-round PCR product was 

added to 25 µl master mix, 1 µl of each internal 
primer (P3 and P4) and 21 µl of nuclease-free 
water. Five microliters of the second-round PCR 
products were electrophoresed in a 1% agarose 
gel stained with ethidium bromide (0.5 μg/ml). 
The gel electrophoresis apparatus was turned 
on and set to 72 volts for one hour before being 
photographed under ultraviolet light. All 
required precautions against cross-
contamination were taken, and each test 
contained negative controls (the same 
composition of reaction mix omitted the DNA 
sample and replaced with nuclease-free water). 
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Table 2. Primers sequences used for amplify pre-core and core regions (13) 
 

Nested PCR Primer Sequences PCR product size (bp) 

External primers 
P1(F) 

5´-TCGCATGGAGACCACCGTGA-3´ 
(Positions 1604-1623) 

450 bp 
P2 (R) 

5´-ATA GCTTGCCTG AGTGC-3´ 
(Positions 2076-2060) 

Internal primers 
P3(F) 

5´-CATAAG AGGACTCTTGGACT-3´ 
(Positions 1653-1672) 

340 bp 
P4 (R) 

5´-GGAAAGAAGTCAGAAGGC-3´ 
(Positions1974-1957). 

 
 

Sanger sequencing analysis 
Purification of amplified PCR products using 
Qiaquick spin columns (Qiagen Inc.) was 
performed according to the manufacturer's 
instructions. The purified PCR products were 
then sent to Macrogen Corporation – Korea for 
Sanger sequencing using an ABI3730XL 
automated DNA sequences. The results were 
received by email and processed with the help 
of the genius prime software (version 2021). 
 
Statistical analysis 
The statistical package for social science (SPSS) 
software (version 25) was used to conduct the 
descriptive analysis. Frequency and mean± 
standard deviation (SD) of continuous data was 
calculated. 
 
 

Results  
Results presented in this study showed the HBV 
genotypes distribution of the collected samples 
revealed that genotype D was the most 
common genotype among patients (95%) 
followed by mixed (B+C+D) genotypes (5%). 
However, genotypes A, E and F were not 
identified in any patient (Table 3 and Figures 1 
and 2). 
On comparing between 87 HBeAg -ve CHB and 
13 HBeAg +ve CHB patients regarding HBV 
genotypes, revealed that genotype D was the 
most predominant genotype in HBeAg -ve 
patients (82%) followed by mixed infection with 
(D,B,C) genotypes (5%), while in HBeAg +ve 
patients, it was found that the genotype D 
percentage was (13%) and no any infected 
patient with mixed infection (B+C+D) genotypes 
(data not shown). 

 
 

Table 3. Hepatitis B virus genotypes of hundred chronic hepatitis B patients 
 

HBV genotypes 
CHB patients 

No. % 

Genotype D alone 95 95.0 
Mixed infection (B,C,D) 5 5.0 
Mixed infection (A,E,F) 0 0.0 

Total 100 100 
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Figure 1. Eight chronic hepatitis B samples using gel electrophoresis was turned on and set to 72 
volts for one hour, show amplification of mix B (120 bp genotype D) (L: 100-1000 pb ladder) 

 
 

 
 

Figure 2. Gel electrophoresis on Mix A genotypes (2nd round) shows mix infection (genotype C, 
124 bp) and (genotype B, 281 bp). C is negative control (no template DNA sample), L (100-1000 

pb ladder) 
 
 

Pre-core and core promoter mutants 
G1898A, G1901A, G1910A and G1915A mutants 
were found in total 15 out of 30 (50%) samples. 
These mutations were detected in 12 of 25 
(48%) of HBeAg -ve and 3 of 5 (60%) of HBeAg 
+ve samples. No mutations at core promoter 
positions were detected in this study, whether 
HBeAg -ve or HBeAg+ve. G1898A, G1901A, 
G1910A and G1915A mutants were distributed 
in the following proportions: 12 out of 25 
patients (48%), 8 samples with mutants at 
G1898A, G1901A, G1910A and G1915A (four 
mutations), 4 samples with mutants at G1898A, 
G1901A and G1910A (three mutations) in 

HBeAg -ve patients, and 3 out of 5 (60%) in 
HBeAg +ve, as shown in table 4.  
Patients with HBeAg -ve mutant viruses were 
older (30-65) years versus (20-48) years in 
HBeAg +ve. In comparison to HBeAg +ve 
patients, patients with HBeAg -ve had more 
mutations in the pre-core region at nucleotides 
G1898A, G1901A, G1910A and G1915A. While 
no mutations in the core region promoter at 
nucleotides A1762T and G1764A were detected 
in both groups, as shown in table 5. 
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HBV mutations and genotypes 
In terms of genotypes, 25 of 30 patients 
(83.33%) were infected with HBV genotype D, 
whereas 5 of 30 patients (16.66%) were infected 
with HBV mixed genotype (B,C,D). In 
comparison to genotypes and mutations, this 
study found that genotype D-infected patients 

had more mutations at G1898A, G1901A, 
G1910A and G1915A than mixed genotype-
infected patients. Additionally, demonstrated 
differences in age, sex, and the rate of HBeAg -
ve and +ve between genotype D patients and 
mixed genotype (B+C+D) as shown in tables 4 
and 5. 

 
 
Table 4. The percentage of mutations in the pre-core and core promoter genes in 30 individuals 

with chronic hepatitis B virus with regard to HBeAg status and HBV genotypes 
 

  
Tota

l 

Mutatio
n 

G1898A 
 

No. (%) 

MutationG1901
A 
 

No. (%) 

MutationG1910
A 
 

No. (%) 

Mutatio
n 

G1915A 
 

No. (%) 

Mutation 
A1762T/ 
A1764G 
No. (%) 

HBe Ag 
status 

Positive 5 
3 of 5 
(60%) 

3 of 5 
(60%) 

3 of 5 
(60%) 

3 of 5 
(60%) 

--- 

Negative 25 
12 of 25 

(48%) 
12 of 25 

(48%) 
12 of 25 

(48%) 
12 of 25 

(48%) 
--- 

Total 30 
15 

(50%) 
15 

(50%) 
15 

(50%) 
15 

(50%) 
0 

HBV 
genotype

s 

Genotyp
e D 

alone 
25 

12 of 25 
(48%) 

12 of 25 
(48%) 

12 of 25 
(48%) 

12 of 25 
(48%) 

0 

Mixed 
(B,C,D) 

5 
3 of 5 
(60%) 

3 of 5 
(60%) 

3 of 5 
(60%) 

3 of 5 
(60%) 

0 

Total 30 
15 

(50%) 
15 

(50%) 
15 

(50%) 
15 

(50%) 
0 

 

 
Table 5. The percentage of mutations in the pre-core and core promoter genes in HBeAg -ve and 

HBeAg  +ve for 30 patients with chronic hepatitis B virus in relation to age and sex 
 

  
HBeAg (-ve) 

No. = 25  
(83.33%) 

HBeAg (+ve) 
No. = 5 

(16.66%) 

Age(yr) mean±SD 33.92±1.44 24.6±1.22 

Sex (male/female) (n=30) 19M/6 F 3 M/2 F 

Core(CP) mutation 
A1762T --- --- 
A1764G --- --- 

Pre core mutation 

G1898A 12(48%) 3(60%) 
G1901A 12(48%) 3(60%) 
G1910A 12(48%) 3(60%) 
G1915A 12(48%) 3(60%) 

HBV genotypes 
Genotype D alone 20 (80%) 5 (100%) 

Mixed (B,C,D) 5 (20%) 0 (0%) 
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Discussion 
The HBV genotypes distribution of the collected 
samples revealed that genotype D was the most 
common genotype among patients (95%) 
followed by mixed (B,C,D) genotypes (5%), while 
genotypes A, E and F were not identified in any 
patient, as shown in table 3. The foregoing 
findings are consistent with Khaled et al. (14) who 
reported that HBV infections were significantly 
linked to virus genotype D, which accounted for 
87% of all patients, a high prevalence compared 
to mixed infections (D and F), which accounted 
for 13 percent of all samples. These results are 
not matched with those in Sulaimania, Iraq, 
where they reported that 100% of samples had 
mixed genotypes (25% with B,C,D genotypes 
and 75% with A,B,C,D genotypes)(15). In 
Baghdad, one study reported that genotype D 
contributes to 80% of the infection, which is the 
most prevalent in CHB patients, and mixed 
genotypes F and D contribute to 20% of the 
infection (16). These findings disagreed with Ali et 
al. (17) in Wasit (Iraq) who reported that there 
was no single HBV genotype infection and that 
77.7% of their patients had mixed infection with 
five genotypes out of six. Also, another study in 
Baghdad that involved eighty CHB patients 
reported six HBV genotypes (A, B, C, D, E, F). The 
most frequently found genotypes were B and F 
(72.5% each), whereas the least frequently 
occurring genotype was E (12.5%). Therefore, 
they concluded that HBV genotypes B and F 
were the most prevalent in Iraqi CHB patients 
from Baghdad (18).  So, the results in this study 
appeared in agreement with some other results 
of studies conducted in Iraq and the same time 
are contradicted with others which conducted 
in Iraq as well. The reason is due to the 
difference in the number of samples used in 
each study, the method used in the diagnosis, 
where some studies relied on traditional 
methods using primers and some relied on the 
use of ready-made kits for diagnosis, and this is 
one of the reasons for the mismatch of results 
between studies within the same country. 
In comparison to genotypes and mutations, this 
study found that patients with genotype D-
infected patients had more frequency 
mutations at G1898A, G1901A, G1910A, and 
G1915A than patients with mixed genotypes. 

This was in disagreement with a study in Nigeria 
by Mbamalu et al. (19) who revealed that 11 
(12.4%) of the 89 patients had genotype B, and 
78 (87.6%) had genotype C, in addition, G1896A 
(23.6%), G1764A (9%), and A1762T (6.7%) were 
the most frequently occurring alterations. Pre-
core mutations were found to be substantially 
more prevalent in genotype B patients than in 
genotype C patients (54.5% vs. 19.2%, p=0.01). 
 In this study in Iraqi CHB patients, the presence 
of mutations in the pre-core gene at the 
nucleotides (G1889A, G1901A, G1910A and 
G1915A) was 15 out of 30 (50%) divided into: 3 
out of 5 (60%) representing HBeAg +ve and 12 
out of 25 (48%) for patients with HBeAg –ve, as 
shown in table 4. As for the core gene, the study 
did not show any mutations in core gene. These 
results are in disagreement with another study 
in Baghdad by Kadham (20) who reported 
presence of mutations in core gene of HBV at 
nucleotide position A1762T and G1764A.  The 
inconsistency of the results in this study with the 
study of Kadham (20)is due to the difference in 
the number of samples included in the study 
and the difference in the technique used to 
diagnose mutations in the pre-core and core 
gene. But at the same time present results agree 
with Kadham(20) who found mutations at 
nucleotide G1896A and G1898A, and these 
mutations indicate severe form of chronic liver 
disease. The present results are disagreed with 
results of a study in China regarding the absence 
of mutations in the core gene at nucleotides 
position A1762T and G1764A in the core gene 
promoter region(21). The results differ due to the 
difference in the number of samples included in 
the study, the difference in the environment, 
the geographical location, and the possibility of 
a different pathological phase of the virus. The 
results of this study agreed with another study 
in Taiwan regarding the presence of mutations 
in the pre-core region, and disagreed regarding 
the absence of mutations in the core promoter 
region (11); the difference may be due to 
dissimilarity in the virulence of the virus in its 
local isolates differs from the virulence of the 
virus in global isolates, as well as the difference 
in the environment and geographical location.  
The current study was consistent with another 
study conducted on patients with CHB in Korea 
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and found the frequency of mutations in the 
pre-core region at the nucleotides G1896A and 
G1898A, and also, present results did not agree 
with this Korean study regarding the absence of 
mutations in the core region at nucleotides 
A1764T, G1768A, and C1766T (22).  
In conclusion, the genotype D of HBV was 
predominantly prevalent among CHB patients 
with 95% and with 5% in mixed genotypes 
(B,C,D), while genotype B and C were relatively 
less prevalent among CHB patients than 
genotype D. The mutations were found in the 
pre-core promoter gene at nucleotides G1898A, 
G1901A, G1910A and G1915A, while no type of 
mutation was detected in the core gene. The 
clinical significance of these mutations G1898A, 
G1901A, G1910A and G1915A, shows us the 
stages of disease development and whether the 
patient is in the stage of carrying the disease. 
And when we do the serological examination of 
the HBeAg gives negative results because of the 
mutations that occurred in the genome of the 
virus that led to the absence of the formation of 
HBeAg. 
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