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Background: Mutations within the “a” determinant region (position 124—147) that is present in
the major hydrophilic region (MHR, position 99-160) of the hepatitis B surface antigen (HBsAg)
are associated with vaccine-escape, lack of diagnosis, and failure to hepatitis B immunoglobulin
(HBIG) therapy. Data regarding the amino acid changes of “a” determinant region of HBsAg are
limited in Egypt. The prevalence and mutations in this region among chronic HBV (CHB)-
infected patients in Upper Egypt are not known.

Material and Methods: Blood samples were collected from HBsAg-positive CHB-infected
patients (n=123) admitted to Assiut University Hospitals. Serum samples were screened for
HBsAg, HBeAg, anti-HBs and anti-HBe antibodies using commercially available ELISA kits.
Viral load was determined by qPCR. In addition, mutational analysis was carried out targeting the
HBYV surface gene to determine the HBV genotype and vaccine escape mutations.

Results: Sequencing analysis of HBV DNA revealed that genotype D is the major circulat-
ing type (81.3%), followed by genotype E (18.7%). Analysis of the HBV genome revealed
that 103/123 (83.7%) patients showed wild-type sequences and 20/123 (16.3%) showed
mutations in the HBsAg gene. Mutation in seventeen patients (17/20, 85%) showed only
one mutation, and three patients showed two mutations (3/20, 15%) in the “a” determinant
region. The observed mutations were T115S (3/20, 15%), P120T/S (3/20, 15%), T126S (1/
20, 5%), Q129R (2/20, 10%), M133T (2/20, 10%), S143L (5/20, 25%), D144E/A (3/20,
15%), and G145R/A (4/20, 20%). Mutations in the “a” determinant region were detected in
genotype D isolates only.

Conclusion: We described for the first time the prevalence and characterization of vaccine
escape mutants in CHB patients in Upper Egypt. Mutational analysis of the “a” determinant
region revealed the presence of a wide spectrum of mutants in the circulating HBV isolates that
could be a potential threat to HBV diagnosis, therapy success, and HBV vaccination program in

Upper Egypt.
Keywords: HBV, “a” determinant, mutational analysis, vaccine escape, Upper Egypt

Introduction
Hepatitis B virus (HBV) is the smallest hepatotropic DNA virus (about 3200 bp)
infecting humans. HBV belongs to the Hepadnaviridae and causes a potentially life-
threatening disease.! HBV causes acute and chronic infections; however, chronic
infections can lead to a high risk of death due to HBV-associated complications
such as cirrhosis and hepatocellular carcinoma (HCC).?> The WHO estimated that,
in 2015, 257 million individuals were infected with HBV and 887,000 patients died
of HBV-associated cirrhosis and liver cancer.’

Hepeatitis B surface antigen (HBsAg) was the first discovered HBV protein. It is
a glycoprotein located in the envelope of HBV, and is released from infected cells
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mainly as subviral parts in different particle forms (com-
petent Dane particles, filaments, and spherical particles),
representing empty viral envelopes rather than infectious
virions.* Detection of serum HBsAg is a key diagnostic
indicator of HBV-infection, and quantitative estimation of
the HBsAg has been suggested to be a biomarker for
predicting the response to treatment of chronic HBV-
HBsAg is the first HBV marker that

appears in serum and its persistence for >6 months indi-

infected patients.>®

cates a chronic infection.” Besides, HBsAg is highly anti-
genic, and anti-HBsAg antibodies can neutralize the virus
and provide a protective humoral immune response against
infection.®

Serum HBsAg is encoded by a single open reading
frame and is translated into 3 HBsAg proteins of variable
lengths. The small (S) protein is the highest expressed
protein. It is a secreted protein that consists of 226
amino acids. It is the major protein in virions and the
subviral parts.” The (S) protein contains the “a” determi-
nant region which is located in amino acid positions 124—
147. This region codes for a neutralizing conformational
epitope of high antigenicity and is formed by folding of
the cysteine-rich major hydrophilic region (MHR), which
extends from amino acids 99-160, resulting in the forma-
tion of loop-like structures.'® Antibodies that bind regions
1-137 and 139—147 have been described in serum samples

of vaccinated people.® "’

Importantly, in the past years, HBV mutants with var-
iations in the amino acid composition of the “a” determi-
nant region have been reported. Some of these HBV
mutants have been identified even before the introduction
of the vaccine program.'? These naturally occurring HBV
variants can infect vaccinated individuals and are not
neutralized by the vaccine-induced anti-HBsAg antibodies
because mutations introduced in this epitope can decrease
the affinity of antibodies to the HBsAg.'*'* The develop-
ment of mutants that escape the neutralization by the
vaccine-induced antibodies (vaccine-escape mutants)
poses a serious threat to control HBV infections, including
reactivation of HBV by such mutants, vaccination failure
or underestimation of HBsAg levels.'> Furthermore, the
HBV polymerase gene overlaps with the HBsAg gene.
Therefore, mutations in the polymerase (pol) gene, which
could be induced by antiviral therapy or immunological
pressure, can lead to mutations in the HBsAg regions as
well '

The prevalence of HBV (based on the serological mar-
ker of HBsAg) among adults aged 15 —59 in Egypt is 1.4—
1.7%."7'* Spatial analysis revealed that HBV infection is
Data
regarding the amino acid changes in the “a” determinant
region of HBsAg among chronic HBV (CHB)-infected

patients in Upper Egypt is limited. Therefore, this study

mainly localized to urban areas of Upper Egypt.'’

aimed to characterize HBsAg MHR variants, especially in
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the “a” determinant region in cases with CHB infection
from Upper Egypt to determine the vaccine escape
mutations.

Materials and Methods

Ethical Statement

The study was approved by the ethical committee of the
Faculty of Medicine, Assiut University (IRB no:
17300006). Informed written consent was given by all

participants.

Patient Samples

One hundred twenty-three patients with HBV infection
were enrolled in this study. HBV-infected patients were
admitted to Assiut University Hospitals, Egypt, in the
period from October 2018 to December 2020. Serum
samples were screened for hepatitis viruses according to
the protocol of Assiut University hospitals and as
described previously.'*?® All patients were positive for
HBsAg while those who had coinfection with HAYV,
HCV, HEV, or HIV were excluded from the study.

Detection of HBV Markers

Serum samples were screened for HBsAg, HBeAg, anti-
HBs and anti-HBe antibodies using commercially avail-
able ELISA kits (Wkea Medical Supplies Corporation,
China) following the manufacturer’s instructions. Plates
were read using the Biotek microplate reader (Biotek ver-
sion EIx508v, USA). For determination of HBV viral load,
viral nucleic acid was extracted from 200 ul of serum
samples using QIAamp MinElute Virus Spin kit (Qiagen,
Germany) then analyzed by real-time PCR (qPCR). HBV
DNA was quantified using the Artus-HBV RT PCR kit
(Qiagen, Germany) on the Applied Biosystems 7500 Fast
RT-PCR machine (Applied biosystems, USA).

Determination of HBV Genotype

and S Gene Mutations

HBV genotyping was determined by amplification and
sequencing of 332 bp of HBV S gene using nested PCR
reaction as described previously.?'** Briefly, the first PCR
was carried out using the primer pairs HBV-022 (sense
primer) and antisense primers HBV-065 and HBV-066.
The nested reaction was performed primers HBV-024
(sense primer) and antisense primers HBV-041 and HBV-
064. Nested PCR products of approximately 332 bp were
purified by GeneJET Gel Extraction Kit (Thermo

Scientific™, USA) and sequenced at Macrogen sequen-
cing facility (Macrogen, Seoul, Korea) using primer HBV-
024. PCR reactions were carried out using the HotStarTaq
Master Mix (Qiagen, Germany) and included an initial
denaturation at 95°C for 15 min, followed by 40 cycles
of 94°C for 30 sec, 55°C for 30 sec (54°C in the second
reaction), and 72°C for 45 sec, followed by a 5 min final
extension at 72°C. HBV genotyping was determined by
alignment and comparing the obtained sequences with
sequences of HBV reference genotypes (genotypes A-J)
downloaded from NCBI GenBank using the MEGA
X software. Each sequence was blasted into NCBI
BLASTn to determine the best match isolates according
to the highest Max score. To confirm HBV genotyping,
these sequences were compared with randomly selected
HBV sequences isolated from Egypt and deposited in
GenBank. Sequences were translated into amino acids to
identify amino acid substitutions and determine the vac-
cine escape mutations. Sequences of the used primers are
shown in Supplemental Table 1. The HBV sequences were

deposited in the GenBank and assigned the following
accession numbers (MZ197872-MZ197892).

Statistical Analyses

Statistical analyses were performed using the GraphPad
Prism software 9 (GraphPad Software, La Jolla, USA).
Results are expressed as median with interquartile range
(IQ) unless otherwise specified. Comparison between
groups was carried out using Student’s t-test. P<0.05
was considered significant.

Results
Demographic and Laboratory

Characterization of HBV-Infected Patients
This study included CHB-infected patients (n=123)
admitted to Assiut University Hospitals from 2018 to
2020. The median age of patients was 45 years and 67/
123 (54.47%) were male and 56/123 (45.53%) were
female. All the enrolled patients were positive for HBs
Ag. HBe Ag was recorded in 25/123 (20.3%) of patients,
and anti-HBe Ag was detected in 88/123 (71.54%).
While 10/123 (8.1%) of the patients were negative to
HBe Ag and anti-HBe Ag (Table 1). Four out of 123
patients were positive for anti-HBs Ab (3.25%). The
mean HBV plasma load was 1.29x10° TU/mL (median
with IQR, 2.34x10° (2.4x10* 6.7x10°) IU/mL). The
median (interquartile range, IQR) of ALT in CHB
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Table | Characteristics of CHB Patients Enrolled in the Study

Table 2 Mutations in the MHR in the Current Study

Variables CHB (n=123)

Age (years)

Sex M/F

ALT U/l

HBeAg positivity

45 years (ranged 30-74)
67/56
240 (134-356)
25/123 (20.3%)
88/123 (71.54%)
10/123 (8.1%)
2.34x10° (2.4x10% 6.7%10%)

Anti-HBe Ag positivity
HBe Ag and Anti-HBs Ag negative
HBYV plasma load (IU/mL)

Note: All values are represented as medians and interquartile ranges (IQR), ALT
(normal range < 40 U/l).
Abbreviation: ALT, alanine transaminase.

patients was 240 U/l (Table 1). Sequencing analysis
revealed that the prevalent circulating genotype belonged
to group D (100/123, 81.3%), and genotype E (23/123,
18.7%). No mixed isolates were detected in this cohort.
All patients received 0.5 mg/day entecavir.

Assessment of HBV Antigen Escape
Mutations in the CHB-Infected Patients

To assess the HBV vaccine escape mutations in this
cohort, we did a mutational analysis on the CHB-
infected patients in the major hydrophilic region
(MHR) (aa 99-169), especially in “a” determinant region
of the small surface protein of HBs Ag (aa 124—-147). We
focused mainly on the “a” determinant region since it is
highly conserved and found in all genotypes and sero-
types of HBYV, also major vaccine escape mutants were
recorded in this region. Analysis of the HBV surface
gene revealed that 103/123 (83.7%) patients showed
wild-type sequences, and 20/123 (16.3%) showed muta-
tions in this region. First, we found two mutations in the
region aa 115-123, where the mutations were recorded
in the aa positions 115 and 120 (Table 2). In the “a”
determinant region, which also is known as major B-cell
antigenic epitopes, we recorded mutations in the aa posi-
tions 126, 129, 133, 144, and 145 (Table 2). No mutation
was recorded in the aa position 148—160 (Table 2).
Mutation analysis revealed that only one mutation was
detected in seventeen patients (17/20, 85%), and three
patients showed two mutations (3/20, 15%) (Figure 1 and
Table 3). The following mutation pairs were observed:
T115S (3/20, 15%), P120T/S (3/20, 15%), T126S (1/20,
5%), Q129R (2/20, 10%), M133T (2/20, 10%), S143L (5/
20, 25%), D144E/A (3/20, 15%), and G145R/A (4/20,
20%) (Table 3). Ag escape mutations were detected in

HBYV S Gene Region Presence Amino Type of
of Acid Mutation
Mutation | Position
Within MHR, but outside Yes 115 TII5S
“a” determinant region (aa 120 P120T,
115-123) P120S
“a” determinant region (aa Yes 126 T126S
124147 129 QI29R
133 MI33T
143 S143L
144 DI144E,
DI144A
145 GI45R,
GI145A
Within MHR, but outside No NA NA
“a” determinant region (aa
148-160)

Abbreviation: NA, non-applicable.

genotype D isolates, and no mutation was detected in
HBYV genotype E isolates.

Distribution of HBV Antigen Escape

Mutations Among the Egyptian CHB

Then, we assessed the distribution of wild-type (WT) HBV
isolates and HBV mutants among the Egyptian CHB
patients in terms of age, gender, the status of other HBV
markers, HBV load, HBV genotypes, and liver enzyme
ALT (Table 4). We did not find a significant difference
between the distribution of WT and mutant HBV isolates
regarding age, gender, the status of HBeAg and anti-HBe
Ag, HBV load, ALT level, and the level of HBs Ag/ anti-
HBs Ab (Table 4). Three patients (3/100, 3%) who tested
positive for HBs Ag/anti-HBs Ab showed wild HBV
sequence, and one patient (1/23, 4.3%) who tested positive
for HBs Ag/anti-HBs Ab showed mutant HBV sequence.
No mutant HBV isolates were recorded in patients tested
negative for HBeAg and anti-HBe. Also, all mutant HBV
isolates belonged to genotype D and none of them belonged
to genotype E (Table 4).

Discussion

The emergence of HBV escape mutants raised concerns for
HBsAg immunoassays, the development of vaccine-escape
mutants, and failure to hepatitis B immunoglobulin (HBIG)
therapy.”> > HBV mutants can escape the host immune
response leading to the development of complications such
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Hepatitis B vius AB561855: ED81. LIPGSSTTSTGPCRTCTTPAQGTSMYPSCCCTKPSDGNCTCIPI PSS
Hepatitis B virus Wild ty pe: el - -] -] - -] - N RPN
Pt-1 NEEEE NN Y N L

Pt-2 INENEN AEENE AEEEE BE AR 5 BN
Pt-3 NN AENE Bl R B 5 BN
Pt4 N IR RN N L

Pt-5 SN N NN N 5 BN @3 e
Pt-6 NN BAENE BREEE BE B 5 AREEEEEEE $BE
Pt-7 INANEE BAEEE BREEE BE B 5 EEEEEEEEE 2B
Pt-8 NN RS IR N i BEEREEEEE BeE
Pt-9 IENNAN BAEENE BAREEE BE BEE BREEEEEEE $BEer
Pt-10 NSRRI NN Y NN N SRR 00 RN
Pt-11 NEEEY NN RN N 5 AN 2B
Pt-12 AN HENN BENNN NN NP 5 AN 2B
Pt-13 SR NN Y N 5 AEEREEEEE 2B
Pt-14 IEEAEE AEEN BAREEN BE A 5 BRI @ e
Pt-15 SN NN NN N 5 BN & e
Pt-16 SN ISR AR R 5 NN $ e
Pt-17 NN EEAE BEEEE BE BP ! BEEBEEEEEE BE
Pt-18 S IS PR N 5 EEEEEEEEE 2B
Pt-19 SN SN Y N 5 AN 2B .
Pt-20 INANEE BAEnE BREEE e AR i BNl BEE

Figure | Alignment of escape HB mutants isolated from Egyptian CHB patients. The amino acid sequences in the aa position (109-155) of the MHR of the escape mutant
isolates were aligned with the corresponding region of the reference sequences HBV genotype D isolate E81 (AB561855.1) and to wild HBS Ag (with no mutation in
a determinant region) by ClustalW with Neighbor Joining method. The regions of mutation are highlighted yellow and pointed by arrows. Dot means the same sequences
and the position of aa substitutions were showed with arrows. Pt means patient.

as fulminant hepatitis, cirrhosis, and hepatocellular  selection by the host immune response, which changes the
carcinoma.”® The development of HBsAg mutations is caused  amino acid composition of the HBsAg.*”*® Escape mutations
by administration of HBV vaccine and/or HBIG, or natural  are mostly recorded in the major hydrophilic region (MHR) of

Table 3 Mutations in the “a” Determinant Domain of Egyptian HBV Isolates

Patient ID | TII5S | PI20T/S | T126S | QI29R | MI33T | SI143L | DI44E/A | GI45R/A | Confirmed/Not reported®'
Pt-1 + (S/L) Confirmed
Pt-2 + (S/L) Confirmed
Pt-3 + (S/L) Confirmed
Pt-4 + (S/L) Confirmed
Pt-5 + + (S/L) Confirmed
Pt-6 + (P/T) Confirmed
Pt-7 + (PIS) Confirmed
Pt-8 + Confirmed
Pt-9 + + Confirmed
Pt-10 + Confirmed
Pe-11 + (G/R) Confirmed
Pt-12 + (G/A) Confirmed
Pt-13 + (DIE) Confirmed
Pt-14 + (DIE) + (G/R) Confirmed
Pt-15 + (D/A) Confirmed
Pt-16 + Confirmed
Pt-17 + Confirmed
Pt-18 + Confirmed
Pt-19 + (PIT) Confirmed
Pt-20 + (G/R) Confirmed

Notes: *confirmed means reported in previous studies, non reported means it does not report in the previous studies.
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Table 4 Distribution of “a” Determinant Mutants in the Egyptian CHB

Variable Wild Type Mutation in “a” Determinant Region P value
CHB patients (n=123) 103/123 (83.7%) 20/123 (16.3%)

Gender M/F 56/47 (1.19/1) 1179 (1.22/1) 0.9936, NS*
HBe Ag positivity 20/103 (19.4) 5/20 (25%) 0.5739, NS
Anti-HBe positivity 73/103 (70.8%) 15/20 (75%) 0.6449, NS
HBe Ag and anti HBeAg negativity 10/103 (9.7%) 0/20 (0%) P<0.0001 (S)°
HBYV load (IU/mL)“ 1.5x10° 6.04x10° 0.0951, NS
HBV genotype

Genotype D (n=100) 80/100 (80%) 20/20 (100%)

Genotype E (n=23) 23/23 (100%) 0/23

ALT? 242 (134-450) 209 (100-353) 0.1300, NS

Notes: *NS: means non-significant, P > 0.05. ®S: means significant, p < 0.05. “The value is the mean of HBV load. “The value of ALT is presented as the median with IQR.

HBsAg, which codes for aa 99-160, more specifically in the
“a” determinant region (aa 124-147), suggesting that this
region was more affected by immune selection or antiviral
therapy than other regions.”> Ma and Wang reported that eight
mutations (P120T, T126S, Q129H, G130N, S143L, D144A,
and G145A/R) are associated with diagnostic failure and
mutations in the positions 120, 126, 129, 130, 133, 134, 137,
140, 143, 144, and 145 are recorded in escape variants hat
evade vaccine or immunoglobulin therapy.”> The well-
characterized escape mutations in the HBsAg are P120T,
D144E/A, and G145R, the latter mutant affects the polymer-
ase gene.””***° HBV variants with combinations of HBs Ag
(G145R or P120T) and polymerase (L526M plus M550V)
mutations showed increased HBV replication resulting in
a severe clinical course in transplanted patients.*

In Egypt, characterization of HBs Ag mutants is lim-
ited among CHB patients and occult blood donors.*'**
HBs Ag mutation has not been previously described in
Upper Egypt and this is the aim of our study.

In this study, we assessed HBs Ag mutations in the
CHB patients admitted to Assiut University hospitals.
First, we characterized the HBV genotypes circulating
among these patients, and we found that genotype
D (HBV-D) (81.3%) is the major circulating isolate
among the CHB patients, followed by genotype
E (17.3%). In a parallel line, other studies revealed
that genotype D is the predominant isolate circulating
among Egyptian CHB and blood donors.>'** HBV-D
is widely distributed throughout the Mediterranean
region, from Europe to North Africa.***>*¢ No mixed
isolates were recorded in our cohort. Contrary to our
findings, Zekri et al reported that 15.7% of HBV infec-
tion among Egyptian pediatric cancer patients was
caused by mixed A/D genotype infections.*® The

difference in the patients’ age and criteria could
explain the difference in the circulating HBV isolates
among the two cohorts.

In this study, we assessed the mutations in the MHR,
especially the aa positions 115-160. This region is highly
conserved and found in all HBV genotypes and
serotypes.®’ Our results showed that 103/123 (83.7%)
were WT sequences, while 20/123 (16.3%) had mutations
in this region. Previous studies in Egypt revealed that the
percentage of MHR variants was 14.8%, 37.8%, and 50%
in CHB patients, blood donors with overt infection, and
blood donors with occult infection, respectively.®'~** Other
studies reported that the prevalence of HBsAg vaccine
escape mutations ranged 0.7% to 28% depending on the
age of patients, region, and endemicity of HBV.?!-**-¢

In the region aall5-123, we found two mutations, the
first mutation at the position aall5 (T115S) in three
patients and the second mutation at the position aal20
(P120T) in three patients. In the region aal24-147, we
found 6 different mutations at the positions 126 (T12685),
129 (Q129R), 133 (M133T), 143 (S143L), 144 (D144E/A)
and 145 (G145R/A). S143L, G145R/A, and DI44E/A
were the highest reported mutations among our cohort,
which were detected in 25%, 20%, and 15% of the
patients, respectively. While Q129R, M133T, and T126S
were recorded in 10%, 10%, and 5% of the patients,
respectively. Carman et al described the first vaccine
escape mutation resulted from the substitution of
a glycine (G) residue at position 145 by an arginine (A)
residue (G145R). This widely reported mutation is stable
and reduces the binding of HBsAg to anti-HBs monoclo-
nal antibody.® Several other studies reported other substi-
tutions in the “a” determinant region and associated with
vaccine escape, such as T116N, P120S/E, /'T126A/N/I/S,
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QI129H/R, M133L, K141E, and D144A/E.*** Similar to
our findings, Zeid et al reported that S143L mutation is the
predominant mutation (6.8%) among Egyptian CHB
patients.’’ T115S, PI120T, TI25M, PI27T, QI29R,
K141R, and S143L were HBV mutants recorded among
Egyptian blood donors with occult infection.***° Up to our
knowledge, our study is the first report that describes the
vaccine escape mutants among CHB in Upper Egypt. In
addition, this study shows the presence of different vaccine
mutants circulating among Egyptian CHB patients, some
mutants such as G145R/A, and D144E/A are recognized
as the commonly known vaccine escape mutants. The
presence of different vaccine escape mutants suggests
that there could be a potential threat to the HBV vaccina-
tion program in Upper Egypt.

In this study, we correlated between the presence of WT/
mutant HBsAg isolate and patients’ criteria. We did not find
a significant difference between patients infected with WT
HBYV isolates and patients infected with vaccine escape
mutants regarding age, sex, viral load, the status of HBe Ag
and anti-HBe Ag, and liver enzyme level. Similarly, Al
Baglani et al reported that there was no correlation between
WT HBYV isolates and HBV mutants regarding the geo-
graphic distribution, gender, age, HBV genotypes, the status
of HBeAg, and anti-HBe, and HBV load in Oman.”!
However, there was a significant difference between WT
HBYV isolates and HBV mutants in patients who tested nega-
tive for HBe Ag and anti-HBe Ag, suggesting that CHB
patients who tested negative for HBe Ag and anti-HBe Ag
could be more likely to develop vaccine escape mutations.
Further studies need to ascertain this point.

The emergence and prevalence of HBV vaccine
mutants have been increasing since the application of the
HBV vaccine program. The World Health Organization
(WHO) recommended the implementation of HBV vacci-
nation for children worldwide. In 1992, the HBV vaccina-
tion program was started in Egypt with a schedule of 2, 4,
and 6 months of age.*' However, we do not have an actual
percentage for the adults who vaccinated against HBV in
Egypt. Different factors could affect the prevalence of
vaccine mutation such as cohort analysis, sample size,
time of vaccine implementation, viral genotype, etc.

In this study, four patients (4/123, 3.25%) tested positive
for both HBs Ag and anti-HBs Ab. Similarly, other studies
reported the prevalence of HBsAg and anti-HBs double-
positive serological profiles among CHB patients ranged
2.8% to 3.6%.*** Three out of four patients showed a wild-
type HBV sequence, and the fourth patient showed a mutant

HBV sequence (Pt#14). Colson et al reported that HBsAg
+/anti-HBsAb+ CHB patients exhibited significantly higher
amino acid variability in the “a” determinant region than HBs
Ag+ CHB.** Also, they showed that mutation in “a” determi-
nant region at positions 120, 126, 144 and 145 were detected in
HBsAg+ patients without the presence of coexistence of anti-
HBs Ab.*> However, the number of HBsAg+/anti-HBsAb+
patient in our cohort is small (n=4). Therefore, we assume that
further studies including a relatively larger number of double-
positive (HBsAg+/anti-HBsAb+) CHB patients could help to
evaluate the impact of the presence of anti-HBsAg with HBs
Ag on the prevalence of vaccine escape mutants.

There are some limitations to this study. First, we have
not analyzed the mutation in the polymerase gene which is
associated with antiviral resistance. Due to gene overlap-
ping between HBs Ag gene and polymerase gene, the
mutation in polymerase gene induced by anti-HBV thera-
pies could affect HBs Ag detection and vaccine escape
mutation. Also, we have not determined HBV sub-
genotypes which could link to the vaccine escape mutation.
A recent study showed that HBV mutants associated with
vaccine escape, diagnosis failure, and drug resistance could
be genotypic and sub-genotypic specific.** Further studies
should be done to assess the impact of anti-HBV therapies
on the incidence and spread of HBV escape mutants.

In conclusion, this study describes for the first time the
prevalence and characterization of vaccine escape mutants in
CHB patients in Upper Egypt. We found that genotype D is the
predominant isolates, and mutational analysis in the “a” deter-
minant region revealed the presence of a wide spectrum of
mutants that could be a potential threat to HBV diagnosis,
therapy success, and HBV vaccination program in Upper

Egypt.
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