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ABSTRACT

Background: Breakthrough
infection are due to mutations in a
determinant region of the HBsAg. These
mutations allow the virus to break

neutralizing antibodies from the
administration of  hepatitis B
immunoglobulin and hepatitis B

virus(HBV) vaccine. Despite of the
progress made in vaccine and antiviral
therapy development, HBV infection
remains a major health care problem.
The implementation of vaccination
programs has led to an overall decrease
in the prevalence of this disease
worldwide but this may also have led to
emergence of viral mutations that can
evasion the protection of hepatitis B
surface antibody. Aim of the study: To
detect the frequency of HBsAg vaccine
breakthrough among the patients with
previous HBV infection. Patients and
Method: A hospital control-based study
included 69 persons. Twenty-seven with
previous HBV infection patients
,23chronic hepatitis C patients and 19
apparently healthy persons as control.
Patients and  controls  provided
vaccination. None of the participant in
either group had an active HB infection
at time of enrollment. HBsAg, HBc Ab,
HBeAg and HBs Ab were enrollment
performed by micro particle immune

assay. Polymerase real reaction (PCR)

used to detected and quantify
HBYV DNA and identify

HBsAg mutants. Result:
HBV DNA was detected in 11(40.7%)
in HBYV patients with
previous infection and after

full dose of vaccination. HBsAg mutant
s were detected in 9(33.3%) of them. In
HCYV patients with negative surface
antigenemia HBV DNA was detected in
4(17.4%)

and HBsAg mutants were detected
in 2(8.7%) of them. The frequency and
levels of HBs Ab in HBV patients with
previous infection and after
full dose of vaccination were
significantly decreased when compared
to those with HCV infection and
healthy control
group after dose of vaccination.

Conclusion: The presence
of HBsAg variation in HBV after
vaccination. HBc Ab and/or

HBV DNA testing can help identify
already infected patients and prevent the
potential vaccine -induced immune

pressure.
Keywords: Hepatitis B  virus,
vaccine breakthrough.
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Introduction

Over the years, the pace of developing vaccines for HBV has never stopped.
After more than 30 years of application, the HBV vaccine has reduced 80% of
hepatocellular carcinoma. (1) However, vaccine escape variants occur under
selective pressure induced by widespread vaccination and antiviral therapy, which
results in fulminant infection and horizontal transmission. Several mechanisms have
been studied to explain HBV vaccine change in determinant region of the HBsAg,
including escape mutations in the major hydrophilic region, which leads to a
decrease in the binding ability to neutralize antibodies. (2)

Hepatitis B (HBV) infection is a major public health problem and cause of
chronic liver disease. In accordance with data provided by the World Health
Organization (WHO), hepatitis B virus (HBV) chronically infects almost 240 million
people worldwide despite the availability of the hepatitis B vaccine since 1982. (3)

Hepatitis B virus is very heterogeneous at the DNA, eight HBV genotypes
from A to H have been classified on basis of genetic variability of 5 to 10% on over
all genome. There are equally dominant genetic variant with geographic distribution,
genotype D is prevalent in Mediterranean area. (4) The HBV genetic variability also
concern the natural emergence of viral strain due to mutations that may occur in all
portions of viral genome and may have relevant biological and clinical impact. (5)

During an active HBV infection, which can generate as many as 10'! viral
particles per day, this high error rate can produce as many as 107 base errors per day.
(6) Due in part to the overlapping nature of the HBV protein reading frames, some
of the mutants generated cannot survive or replicate as efficiently as the wild type.
Nevertheless, an increase in HBsAg mutants has been associated with the selective
pressure exerted by the available hepatitis B treatments (e.g., active immunization
and passive immune prophylaxis. (7) HBV can evolve by the Major hydrophilic
region (MHR) is the major region involved in this immune selection, and many
strains with mutations in this region survive. These MHR mutations can also affect
detection by commercial immunoassays because the MHR region which includes the
“a” determinant contains the epitopes targeted by the antibodies used in many HBV
immunodiagnostic tests. The most commonly reported mutation in HBsAg occurs at
amino acid residue 145, where the wild-type glycine is replaced by an arginine
(G145R). The presence of this G145R mutation has allowed some patient specimens
to escape detection by certain commercial immunoassays. Occasionally, mutants
carrying other amino acid changes within the “a” determinant have also been
reported to evade detection by some commercial HBsAg immunoassays. (8)

Several studies shown that, HBV infection may occur in HBsAg-negative
patients with or without serologic markers of previous infection (antibodies to
HBsAg [anti-HBs] or to the hepatitis B core antigen (anti-HBc). The reasons for the
lack of circulating HBsAg in such patients are unknown, but also have suggested
that, the lack of HBsAg may be due to rearrangements in the HBV genome that

oadait) ddaa
‘ #2026 552 - ki (12) laall (22) 241 Adulall o511




Breakthrough infection of Hepatitis B Virus after vaccination. ISSN: 2410-7727
Ahmed Muthanna Nasser AL-Bishi L

interfere with gene expression or lead to the production of an antigenically modified
S protein. (9)

Hepatitis B virus vaccination has been shown to be effective in preventing
HBYV infection. The protection is based on the induction of anti-HBs antibodies
against a major cluster of antigenic epitopes of HBs Ag, defined as "a" determinant
region of small HBsAg. (10)

Escape mutants of hepatitis B virus carry mutations in the major antigenic
region of the hepatitis B surface antigen (HBsAg). (11) They are able to grow in the
presence of antibodies against HBsAg (anti-HBs) and may escape detection by
immune assays for HBsAg. Antibodies against HBV core antigen (anti-HBc) are
considered to be a universal marker for active or resolved HBV infections, but they
may appear late. (12) Highly sensitive detection of HBV DNA is the most universal
reliable marker of infectivity. (13) Occult hepatitis B infection (OBI) refers to the
presence of replication-competent hepatitis B virus (HBV) DNA in the liver, even
when HBV DNA is not detectable in the blood using standard assays, (14) can be
categorized as seropositive or seronegative. Seropositive OBI refers to individuals
with detectable antibodies against the HBV core antigen (anti-HBc) and/or
antibodies against HBsAg (anti-HBs) in their serum, accounting for approximately
80 % of OBI cases. In contrast, seronegative OBI individuals lack all HBV serum
markers (including anti-HBc and anti-HBs) but still harbor intrahepatic HBV DNA
(and occasionally circulating HBV DNA). The duration of HBsAg positivity before
its disappearance can vary significantly in seropositive OBI cases. (15)

Objective:

our aim was to determine the frequency of antigenic evasion (HBsAg) after of
HBYV vaccination.

Subjects and Methods

This study is hospital control-based study. It was performed on 69 adult
persons, fifty-five males and fourteen females, their age ranged from 19 to 62 years
with mean value = SD (39.01 £ 7.6) years. The studied groups included (27 patients
with previous HBV infection, 23 with HCV patient and 19 apparently healthy
volunteers as controls). The patients and control groups were recruited from
outpatient clinic at Al- Sadaqa Teaching Hospital -Aden-Yemen conducted from
june 2023 to December 2024 after full dose of vaccination. All patients and control
groups tested negative for the HBsAg when they were initially screened before being
included in the study.

The immunization regimen consists of three doses of vaccine given according
to the following schedule: First dose: 24 hours of elected date, second dose: 1 month
after the dose 1, third dose: 6 months after the dose 1. The prophylactic doses were
1.0 ml (20 pg of Purified HBsAg) (tDNA) as active ingredient and 0.5 mg of
Aluminum hydroxide gel (as Al) as adjuvant of EUVAX B and the therapeutic doses
was 2 ml of EUVAX B (Store at 2-8°C.)
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A venous blood sample of 8 ml was collected from a fasting patient, divided
into different tubes. 2ml were placed in an EDTA tube for complete blood. count in
tube containing EDTA (ethylene diamine tetra-acetic acid) for complete blood
count.1.8 ml in tube containing sodium citrate for prothrombin time testing including
concentration and normalized ratio. The remaining 4 ml were collected in plain
tubes. The samples were centrifuged within 30 minutes and the aliquoted and frozen
at-700C for further analysis.

The laboratory investigation focused on screening and diagnosing Hepatitis B
Virus (HBV) and Hepatitis C Virus (HCV) infections. For HBV, serological markers
like HBsAg, anti-HBs, anti-HBc (IgM and IgG), HBeAg, and anti-HBe were tested
using commercially available immunoassays. Additionally, HBV DNA was detected
using real-time PCR kits. HCV-Ab was also tested using similar enzyme
Immunoassays.

Data analysis:

Data was collected and analysis was done in line with objectives. Quantitative
data were presented by using mean = and standard deviation (SD). Qualitative data
were presented by using proportion and percentages. Chi square was used as test of
significance. P value less than 0.05 was taken as statistically significant.

Results In this study, significant differences were observed in HBsAb levels,
HBYV DNA levels, and the frequency of HBsAg mutants among control, HBV, and
HCYV patient groups. Specifically, the control group showed higher HBsAb levels
and frequencies compared to both HBV and HCV patients, while HBV patients had
significantly higher HBV DNA levels and HBsAg mutant frequencies compared to
the other two groups. (Table 1)

In patients with HBV infection, those negative for hepatitis B surface antibody
had a higher frequency of HBeAg and significantly higher HBV DNA levels
compared to those with positive HBsAb. Furthermore, HBsAg mutants were found
in 36.4% of HBsAb-negative patients, but not in those with positive HBsAb. (Table
2) In HBV patients, the
presence of HBsAg mutants is associated with a significantly higher frequency of
HBeAg, as well as increased levels and frequency of HBV DNA, compared to
patients without these mutations. Specifically, the frequency of HBeAg was
significantly higher in patients with HBsAg mutants (p<0.05). The frequency and
level of HBV DNA were also significantly elevated in these patients, with p-values
0f <0.001 and <0.0001, respectively. Table (3)

In patients with HCV and positive HBsAb, HBeAg was detected in 36.4% (4
out of 11), while in those with negative HBsAb, it was detected in 8.3% (1 out of
12). While the difference in HBeAg detection rates was not statistically significant,
HBYV DNA levels were significantly lower in the HBsAb-negative group compared
to the HBsAb-positive group. No significant difference in HBsAg mutant prevalence
was observed between the two groups. (Table 4)
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In HCV patients, those with positive HBsAg mutants exhibited significantly
higher frequencies and levels of HBeAg and HBV DNA compared to those without
the mutants, with p-values of <0.05, <0.001respectively. However, no statistically
significant difference was observed in the frequency or levels of HBsAb between the
two groups. (Table 5)

Table (1) Prevalence of HBV markers and HBsAg evasion among studied

patients
Hepatitis B positive HCV Control
Group Group Group
(n=27) (n=23) (n=19)
HBsAg + 0 0 0
HBc IgM Ab+ 0 0 0
HBc total Ab+ 27(100%) 19(82.6%) 0
HBeAg + 6(22.2%) 3(13%) 0
HBeAb+ IlEeHL ) 7(30.4%) 0
HBs Ab+ 5(18.5%)** 11(47.8%)* 14(73.7%)
Range 0-505 0-1000 0.9-1000
Mean£SD IU/ml 24.34£97.7 267.9+419.5 477.6+453.5
Median 0.56** 10.7%%* 375
HBYV DNA% 11(40.7%) 4(17.4%)
Range 0.142-2601x10? 0.66-0.21x10° 0
Mean+SD 1U/ml 266.1x10°+ 23.6+
808.3x 10" 54.3*
Median 0 0
HBsAg mutants 9(33.3%)*" 3(13%) 0

HBYV and HCV group vs. control group, HBV group vs. HCV group and control group,
*p <0.05, #*p <0.01, *** p<0.001

Table (2) Prevalence of HBeAg, HBV DNA and HBsAg mutants in HBV
patients group according to the presence of HbsAb

HBYV patients with HBY patients with
HBs Ab positive (5) HBs Ab Negative (22)
HBeAg + 0 5(22.7%)*

HBV DNA% 1(20%) 9(40.9%)
Mean+SE [U/ml =0.143 x10° 316.8+762.3x103%%*
HBsAg mutants 0 8(36.4%)*

* HBV patients with HBsAb vs. HBV patients without HBsAb, * p <0.05, **p <0.01, ***
p<0.001
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40.90%
36.40%

22.70%
20%

HBsAg+ HBV DNA HBsAb

HBsAb+ HBsAb-

Table (3) Prevalence of HBeAg , HBsAb and HBV DNA in HBV patient
group according to the presence of HBs Ag mutant

HBYV patients HBYV patients
with without
HBsAg mutant (9) HBsAg mutant (18)
HBeAg + 5(55.6%)* 0
HBs Ab+ 4 (22.2%)
Range 0 0.0-16.4
Mean£SD IU/ml 2.6+0.5.1
Median 0.45
HBV DNA% 9(100%)** 2(11.1%)***
Mean+£SE [U/ml 873+1098 x10° 0.96+0.281x103***
Median 281.8 x10° 0

* HBV patients with HBsAg mutant vs. HBV patients without HBsAg mutant* p <0.05,
**p <0.01& *** p<0.001
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Table (4) Prevalence of HBe Ag, HBV DNA and HBsAg mutant in HCV
patients group according to the presence of HBsAb

HCYV patients with HCYV patients with
HBs Ab positive (11) HBs Ab Negative (12)
HBeAg + 4(36.4%) 1(8.3%)
HBV DNA% 3(27.3 %) 2(16.7%)
Mean+SE 1U/ml 0.152 x10° 0.35+79.3x10%*
HBsAg mutants 1(9.1%) 3(25%)

" HCV patients with HBsAb vs. HCV patients without HBsAb, * p <0.05, **p <0.01, ***

p<0.001

Table (5) Prevalence of HBeAg , HBsAb and HBV DNA in HCV patient
group according to the presence of HBs mutant

HCYV patients with HCYV patients without
(4HBsAg mutants) (19 HBsAg mutants )
HBeAg + 2(66.7%)* 1(4.5%)
HBs Ab+ 2 (66.6%) 10(45.5%)
Range 0-1000 0.0-1000
Mean+SD IU/ml 377.7+£373.3 281.3+429.9
Median 12.6 6.9
HBV DNA% 3(100%)** 2(9.1%)
Mean£SE [U/ml 0.88+0.22 x10° 0.15+0.51x10%*
Median 0.100 x10° 0

* HCV patients with HBsAg mutant vs. HCV patients without HBsAg mutant, * p <0.05,

**p <0.01& *** p<0.001

66.70%

HBeAg

9.1%

1009

66.50%
5.50%
I.SO% I

HBsAb HBV DNA

B HCV with mutant B HCV witout mutant
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Discussion:

Various factors impact how adults respond to hepatitis B (HBV) vaccines,
including unchangeable individual characteristics. Personalized vaccination
strategies, taking these factors into account, can improve vaccine effectiveness,
especially for high-risk individuals. Successful HBV vaccination programs have
significantly lowered carrier rates and HBV-related complications, like liver cancer
(HCO), in regions where adopted. (16)
Our study reported that 73.3% of the healthy person had HBsAb after vaccination
with mean value of 477.6£453.5 IU/ml. Over half (55.8%) in similar study done by
Albash et al., strongly believe that vaccinations keep individuals healthy with the
present of HBsAb in average production 479.7 £21.5 IU/ml. (17)

In another study indicated that among fully vaccinated individuals, HBsAb
was detected in about 69% of males and 81% of females, but these individuals
exhibited a poor antibody level response. Several studies suggest these individuals
might benefit from a single booster dose of the vaccine and no further retesting is
needed. (18)

Our work revealed that, HBsAg mutant was detected in 9(33.3%)of patients
with previous HBV infection after full dose of vaccination. This finding is in
agreement with Iranian study who reported the occurrence of vaccine-associated
HBsAg mutations8(20.8%) which principally have been identified in the "M124T'
determinant and attributed these mutants to possibly vaccine pressure. They related
that to the sequence variation in antigenic regions is one of the most powerful viral
strategies for escaping recognition by both the B and T cell-mediated immune system
of the host and facilitates viral persistence. (19) While Hepatitis B vaccination
programs have successfully reduced overall chronic Hepatitis B infection, they have
also led to an increase in HBV variants with mutations in the surface antigen protein,
particularly in regions like Italy, Thailand, and Taiwan. These mutations, especially
those affecting the "a" determinant, can alter the antigenicity of the surface protein,
potentially making it less susceptible to antibody neutralization. (20) Mutations in
the "a" determinant of the Hepatitis B virus (HBV) surface antigen (HBsAg), arising
from selection or natural variation, can significantly impact immunity and protection
against HBV infection. These changes can lead to altered HBsAg antigenicity,
causing issues like false-negative HBsAg test results, evasion of immunoglobulin
therapy, and vaccine-induced immunity. reported by Lazarevic, Kay&Zoulim
verified that Antibodies found in vaccinated people and those used in immunoassays
for HBsAg, are directed against this region; in particular, to a cluster of B-cell
epitopes called the “‘a’’ determinant, which comprises two loops of amino acids 124-
147.(21) As a consequence of this arrangement, the polymerase gene, which encodes
the reverse transcriptase enzyme targeted by antiviral drugs, shares a portion of its
sequence with the surface gene. This overlapping region includes the "neutralization
domain" of the surface antigen, which is the target of antibodies produced by the
hepatitis B vaccine. Consequently, mutations in the polymerase gene induced by
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antiviral therapy can potentially affect the surface antigen, impacting the
effectiveness of the vaccine. (22)

The Present study showed that HBV DNA was detected in 11 cases (40.7%)
of HBV group after full dose of vaccination. HBs antigen mutant was detected in
9(33.3%) of them and occult hepatitis B was detected in other three patients. Our
result aligns with the statement by Candotti& Allain that were they confirms a shift
in focus within Hepatitis B Virus (HBV) research, acknowledging that alongside
traditional HBV infection, there's growing attention to "occult" HBV infection and
HBsAg mutants. These alternative forms of HBV infection, characterized by the
absence of detectable HBsAg but with the presence of viral DNA, and the emergence
of mutants that evade detection by standard assays, are gaining increasing
attention. This shift is particularly relevant as these forms of infection can lead to
disease despite "protective" anti-HBs antibody titers post-vaccination. (23) Pue et al,
also mentioned that in most adolescents and adults with acute HBV infection lose
HBsAg and develop both anti-HBc and anti-HBs, HBV DNA remains present in
small amounts, both in the circulation and within the liver , viral DNA also remains
present after resolution of chronic HBV. The infecting strains of HBV in such cases
often have mutants that impair HBV replication, leading to low concentrations of
HBYV DNA in the circulation. They also reported that in most cases, the infection
remains quiescent, but when the individual’s immune system becomes suppressed
(e.g., with chemotherapy or with use of immunosuppressant drugs), viral replication
may increase. When the immune status of the person recovers, recurrence of hepatic
injury (often termed “reactivation”) may develop and, in some cases, will progress
to acute liver failure. (24) Moreover, Hemert et al, Occult HBV infections are defined
as the presence of HBV DNA and the absence of HBV surface antigen (HBsAg
encoded by the S gene) in plasma or serum of HBV-infected patients. This infection
may persist in individuals for years without emerging symptoms of overt HBV
infection. (25) Emara also reported that in occult hepatitis B virus (HBV) infection,
where HBV DNA is present in the liver or serum of individuals testing negative for
HBsAg, a variety of mutations have been observed in HBV sequences from serum
samples. These mutations, including point mutations, deletions, and splicing
variations, are often found in the S gene and regions regulating its expression, as
well as in the core and polymerase genes. However, it remains unclear whether these
mutations are a cause or a consequence of occult HBV infection, meaning whether
they lead to the occult state or arise as a result of it. (26)

In current study found that 55.6% of vaccinated patients with prior HBV
infection tested positive for HBeAg, and this frequency was significantly higher in
patients with HBsAg mutants compared to those without such mutations. This
suggests that the presence of HBsAg mutations may be associated with increased
viral replication and infectivity, as indicated by HBeAg positivity. In agreement with
our study, the findings from the Bonino et al, research, specifically the coexistence
of wild-type and mutant HBV with HBeAg in HBsAg-negative patients, are
noteworthy. The mutant virus exhibited mutations in both preS2 (ATG to ATA) and
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S genes (15-nucleotide repeat insertion in the 'a' determinant), according to a medical
information site. This suggests a complex interplay between viral replication and
immune response in these patients. (27) Further studies have indicated that HBeAg
positivity in the context of occult HBV infection can be due to either superinfection
in a previously immune individual or reactivation of a latent infection. The mutated
HBYV strain, with reduced replication capacity, results in low-level viral replication
and a mild form of occult HBV infection. (28)

In our study we demonstrated that, HBsAg mutant was significantly increased
in HBV patients group with negative HBsAD (18 patients) when compared to those
with positive HBsADb (9 patients), this finding is in agree with existing research of
Leong et al, who also identified certain mutations in the Hepatitis B virus's surface
antigen (HBsAg) can render them ineffective against natural or vaccine-induced
anti-HBs antibodies. These mutations, often found within the "a" determinant of
HBsAg, can alter the antigen's conformation, preventing the antibodies from binding
and neutralizing the virus, leading to potential breakthrough infections. (29) In other
words, even successful vaccination does not protect against this HBV mutation. If
HBsAg remains undetectable despite indications of an active HBV infection, a
mutation of HBsAg should be considered. Even a successful hepatitis B vaccination
may not protect against certain HBV mutations. If HBsAg, the hepatitis B surface
antigen, is undetectable despite other signs of active HBV infection (like detectable
HBYV DNA), it suggests a possible mutation in the HBsAg gene, which could render
the vaccine ineffective against that specific viral strain according to the Hepatitis B
Foundation. These mutations are often referred to as immune escape mutations. (30)

In the current study HBsAb was detected in HCV patients group 11(47.8%)
were found to have detectable HBsAb, with a median value of 10.7 IU/ml. This
was significantly lower than in healthy controls, according to a study published by
Virus Medical Journal, this finding aligns with previous research by Hassnine et al.,
which showed a higher rate of non-response to hepatitis B vaccination in HCV
patients compared to healthy individuals. Consequently, the study suggests that
individuals with HCV and HBsAD titers below 10 [U/ml should receive a booster
dose of hepatitis B vaccine to ensure adequate protection. (31) Lower immune
response in HCV patients after full dose of vaccination when compared to healthy
control and attributed these findings to immune compromise in individuals with
chronic HCV infection reported by Park. (32)

In this work, HBV DNA has been detected in the blood of 4(17.4%) HCV
patients group after a full vaccination dose. This is in agreement with study by
Fernandez-Rodriguez et al. found that a significant portion (23%) of hepatitis C
(HCV) positive individuals also had occult hepatitis B virus (HBV) infection,
characterized by low HBV viral load (102-104 copies/mL). Furthermore, the study
indicated that the presence of occult HBV in these patients was associated with
higher HCV RNA levels, increased liver inflammation, and more advanced fibrosis,
compared to those without detectable HBV DNA..(33) In addition, Kao et al. reported
the prevalence of occult HBV infection in patients with chronic HCV infection, did
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not parallel the severity of liver disease (14.5% in patients with chronic hepatitis, 8%
in patients with liver cirrhosis, and 22% in patients with hepatocellular carcinoma).
Moreover Fernandez-Rodriguez et al. detecting occult HBV infection by using PCR
in plasma, peripheral blood mononuclear cells (PBMCs) and liver compartments in
(41.6%) patients with biopsy proven chronic hepatitis C and found no association
between occult HBV infection and the degree of liver necro-inflammation and
fibrosis. (34)

The current study showed that 3(13%) of HCV patients group after full dose
of vaccination had HBsAg mutants. This finding supported by Yang et al., that
(HBsAg) mutations can occur in patients infected with (HCV), even when HBsAg
is not detected by standard tests. These mutations, particularly the Thr118-Alal18
change, can impact the structural integrity of the "a" determinant within the HBsAg,
potentially affecting its antigenicity and leading to false negative results in diagnostic
assays. (35) Moreover Lok et al. reported focus more on occult HBV infection (OBI)
in vaccinated persons and is a growing apprehension regarding the inability of HBV
vaccines to ensure complete immunity. The occurrence of OBI in HCV patients is a
condition where HBV DNA is present in the liver despite a negative HBsAg test,
indicating active viral replication without detectable surface antigen. A subset of
these cases, termed "false" OBI, exhibits higher levels of HBV DNA but still lacks
detectable HBsAg, often due to mutations in the HBsAg gene that interfere with
antibody binding in standard assays. (36)

Conclusion: In some HBV and HCV patients, HBsAg mutants can emerge after
hepatitis B vaccination, leading to negative surface antigenemia. Sensitive HBV
DNA testing is vital for detecting HBV infection, particularly in cases with mutated
HBsAg or occult HBV. Prophylactic vaccination can reduce immune response in
patients with previous HBV or HCV infection, potentially leading to HBsAg
mutation development. Therefore, HBcAb and/or HBV DNA testing should be
considered before vaccination to minimize the risk of vaccine-induced pressure and
subsequent HBsAg mutations.

oadait) ddaa
- £2026 5552 - 5 (12) Asall (22) 2221 pladl p el



https://pubmed.ncbi.nlm.nih.gov/?term=%22Fernandez-Rodriguez%20CM%22%5BAuthor%5D
https://www.google.com/search?cs=0&sca_esv=c4d3b1b5b2456fed&sxsrf=AE3TifNOIdEo04vKs2OqsAZKC30uEYcdNQ%3A1752759137751&q=chronic+hepatitis+C+%28HCV%29&sa=X&ved=2ahUKEwi0nvbNgMSOAxUMXKQEHSaAB7wQxccNegQIAhAB&mstk=AUtExfAOTxpD2_wUwRz5lUR1mgCd27wu3UGzxAKn9MVLRNSzdIo6n_ileDs0w5PQspcy9Xq_B0B7_PJpSKdsGeBCztZF322fGDDcAoooiY5F0o7eeZfYtLe0MrSozFzy2nh9EizHUeJ3CK55UCt2VAzIqKOopZyAFqklNgYAizc__zzoLdlbEcl4eZkDaGqjPpmj1WTTXCIVpNZOCxVCQT9x88FT4ilZ2F4PxprAMg4rOBpxJbGpK-UBaUoFznNL3ItNw4CeQKDMO9QQjAv1gGW-m0r_Dee0aW6NoMLLE-6YfAJV3hDSAt_w80a5KYiYtYPkEDMpiDER4HzSib6_yGq1wt1Z8Np_2Y6bqMVEdu2fcNnKOAbA5BiBi_PfVKKpy7OuZCJuTTzNTgype232UL3Uv9ACCpC3AlXJbtNMPS6-sgwNaRZtmdCwsdtqSlg2ICs7&csui=3
https://www.google.com/search?cs=0&sca_esv=90002f2d33f5cb2a&sxsrf=AE3TifNEuh61qt6_v5AxDzqbIztY_FsDkw%3A1752733613152&q=HBsAg+mutation&sa=X&ved=2ahUKEwiMuvHCocOOAxX7UUEAHczLOQIQxccNegQIAxAB&mstk=AUtExfAu8uwIpByBtn8YjN9KwTYOGgV0-J3WTimZSiZFVG2UBex5jIK-UIzK3sotiIiHTAzoSPKKw4SyNWWFAFHNG6f2OuuCSEjETf0Mhemcg3IZOXKu31eKkLfXb8cX_cwycuxzE3nwMS_Z_N6ufgbSqYqkzne0vA76q1UOx6LaCRzFD6M1SMDGr_mcV9Ts4Bl-cKZFG1T_yrMAnp1m-DENNA_xa0pgZUZXMzHJrdtaDsSY_d2c6EunmDwqAWDWuFO1JJfUCmikjqiORGBXdtvi_6rqPvnI_7VnGTJ3xy5SPYU1XmOO_qcu3txYeupWsA9Yib0aLMFmzZNucVSoN4B9xztCBZYaSdFoXqNLHglEEfRB&csui=3
https://www.google.com/search?cs=0&sca_esv=90002f2d33f5cb2a&sxsrf=AE3TifNEuh61qt6_v5AxDzqbIztY_FsDkw%3A1752733613152&q=HBsAg+mutation&sa=X&ved=2ahUKEwiMuvHCocOOAxX7UUEAHczLOQIQxccNegQIAxAB&mstk=AUtExfAu8uwIpByBtn8YjN9KwTYOGgV0-J3WTimZSiZFVG2UBex5jIK-UIzK3sotiIiHTAzoSPKKw4SyNWWFAFHNG6f2OuuCSEjETf0Mhemcg3IZOXKu31eKkLfXb8cX_cwycuxzE3nwMS_Z_N6ufgbSqYqkzne0vA76q1UOx6LaCRzFD6M1SMDGr_mcV9Ts4Bl-cKZFG1T_yrMAnp1m-DENNA_xa0pgZUZXMzHJrdtaDsSY_d2c6EunmDwqAWDWuFO1JJfUCmikjqiORGBXdtvi_6rqPvnI_7VnGTJ3xy5SPYU1XmOO_qcu3txYeupWsA9Yib0aLMFmzZNucVSoN4B9xztCBZYaSdFoXqNLHglEEfRB&csui=3

Ahmed Muthanna Nasser AL-Bishi L4

- Breakthrough infection of Hepatitis B Virus after vaccination. ISSN: 2410-7727

References:

1- QuW: Sui L , Li Y . Vaccine escape challenges virus prevention: The example of

two vaccine-preventable oncogenic viruses. J Med Virol, 2023;95(11): 34-45.

2- NguyenMH ,Wong G, Gane E, et al. Hepatitis B Virus: Advances in Prevention,

Diagnosis, and Therapy. Clin Microbiol Rev, 2020; 6;33(2): 46-19.
3- World Health Organization (WHOQO): The 2024 HBV guidelines provide
updated evidence-informed
https://www.who.int/publications/i/item/9789240090903

4-Weber B; Genetic variability of the S gene of hepatitis B virus: clinical and

diagnostic impact,2005; 32( 2):102- 12.
5-Yano .Y, _Azuma .T, HayashiT. Variations and mutations in the hepatitis B
virus genome and their associations with clinical characteristics World J

Hepatol. 2015;7(3):583-592.
6- Coleman P F; detection of hepatitis B surface antigen mutants. Infect
Dis.2006;12 3).

7- McNaughton PL, D’Arienzo.V , Ansari.A , et al. Insights From Deep
Sequencing of the HBV Genome Unique, Tiny, and Misunderstood.
Gastroenterology. 2019; 156( 2): 384-399.
8- SHI'Y, Wei F, Hu D, et al. Mutations in the major hydrophilic region (MHR)
of hepatitis B virus genotype C in North China J Med Virol. 2012;84(12):1901-
6.

9- Fernandez-Rodriguez M, Liedo-Navarro L, Buhigas-Garcia 1. Prevalence of

14-

occult hepatitis B virus infection: World J Gastroenterol. 2011;17(12):1538—42.
10- Inoue T and_Tanaka Y. Cross-Protection of Hepatitis B Vaccination among
Different Genotypes Vaccines (Basel). 2020;8(3):456.
11- Tosti M, Alfonsi V, Lacorti E, et al. Acute hepatitis B after the
implementation of universal vaccination in Italy. Clin. Infect.
Dis.2016; 6(2):1412—1418.

12-Smalls J, Kiger E, Norris B, et al. Hepatitis B virus reactivation: Risk factors
and current management strategies. Pharmacotherapy. 2019;39(12):1190-1203.
13- Wang CH, XueR, Wang X, et al. High-sensitivity HBV DNA test for the
diagnosis of occult HBV infection: commonly used but not reliable
Microbiol. 2023;16(13):118-68.

Yousefli Z, Meshkat Z, Ghayour-Mobarhan M, et al. Association between
serum levels of anti-heat shock protein 27 antibody and liver cell injury in
chronic hepatitis B. Indian J. Clin. Biochem. 2023;3(9) :1-8
15- . Raimondo S,Locarnini T, Pollicino M. et al. Update of the statements on
biology and clinical impact of occult hepatitis B virus infection .Journal of
hepatology.2019 71 (2) : 397-408 16-_Qiu Q ,_ Wang H , _Zhang W.
Comparison of Yeast and CHO Cell-Derived Hepatitis B Vaccines and
Influencing Factors in Vaccine-Naive Adults in China: Insights for Personalized
Immunization Strategies Vaccines Basel .2025;13(3):295.
17- Albash A, Rana M AlhussainMR ,__Alhajri JN et al. Prevalence and

oadait) ddaa
‘ #2026 552 - ki (12) laall (22) 241 Adulall o511



https://pubmed.ncbi.nlm.nih.gov/?term=Qu+W&cauthor_id=37943176
https://pubmed.ncbi.nlm.nih.gov/?term=Sui+L&cauthor_id=37943176
https://pubmed.ncbi.nlm.nih.gov/?term=Li+Y&cauthor_id=37943176
https://pubmed.ncbi.nlm.nih.gov/?term=%22Nguyen%20MH%22%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=%22Wong%20G%22%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=%22Gane%20E%22%5BAuthor%5D
http://www.journalofclinicalvirology.com/issues?Vol=32
http://www.journalofclinicalvirology.com/issues/contents?issue_key=S1386-6532(00)X0069-8
https://pubmed.ncbi.nlm.nih.gov/?term=%22Yano%20Y%22%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=%22Azuma%20T%22%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=%22Hayashi%20Y%22%5BAuthor%5D
https://www.sciencedirect.com/journal/gastroenterology
https://www.sciencedirect.com/journal/gastroenterology/vol/156/issue/2
https://pubmed.ncbi.nlm.nih.gov/?term=Wei+F&cauthor_id=23080494
https://pubmed.ncbi.nlm.nih.gov/?term=Hu+D&cauthor_id=23080494
https://pubmed.ncbi.nlm.nih.gov/?term=%22Inoue%20T%22%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=%22Inoue%20T%22%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=%22Tanaka%20Y%22%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=%22Smalls%20DJ%22%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=%22Smalls%20DJ%22%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=%22Kiger%20RE%22%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=%22Norris%20LB%22%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Wang+C&cauthor_id=37260698
https://pubmed.ncbi.nlm.nih.gov/?term=Xue+R&cauthor_id=37260698
https://pubmed.ncbi.nlm.nih.gov/?term=Wang+X&cauthor_id=37260698
https://pubmed.ncbi.nlm.nih.gov/?term=%22Qiu%20Q%22%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=%22Wang%20H%22%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=%22Zhang%20W%22%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=%22Albash%20A%22%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=%22Albash%20A%22%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=%22Alhussain%20RM%22%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=%22Alhajri%20NJ%22%5BAuthor%5D

-

Breakthrough infection of Hepatitis B Virus after vaccination. ISSN: 2410-7727

Ahmed Muthanna Nasser AL-Bishi L4

Determinants of Vaccine Hesitancy Among Students at King Faisal University.
Cureus. 2024;16(11):7-18. 18- Thomas B, Mohndas A ,
Jayadev VK et al . Hepatitis B Surface Antibody Levels among Health-Care
Personnel Vaccinated against Hepatitis B in a Teaching Hospital in South India.
Indian J Community Med. 2022;47(2):262-265.
19-Daram M, Montazeri GH , Karimzadeh H et al. Surface protein mutations in
chronic hepatitis B patients who received hepatitis B vaccine therapy. Iran J
Basic Med Sci. 2014 ;17(9):638—645. 20- Lazarevic 1. Clinical implications of

hepatitis B virus mutations: Recent advances. World J
Gastroenterol 2014; 20(24): 7653-7664.
21- Kay A, Zoulim F. Hepatitis B virus genetic variability and evolution. Virus
Res. 2007; (127):164-176.

22- Al-Busafi S, Alwassief A. Global Perspectives on the Hepatitis B
Vaccination: Challenges, Achievements, and the Road to Elimination by 2030.
Vaccines (Basel). 2024;12(3):288. 23-_Candotti D,_Allain JP.
Transfusion-transmitted  hepatitis B  virus infection. Journal of
Hepatology2009. 51(4):798-809

24-Pu 7 ,Ji Z, Su H. HBsAg and anti-HBs coexistence in patients with HBV in

acute and chronic phases. Virus Res. 2025; 355:199567.
25-_Hemert F,_Zaaijer H ,_Berkhout B. Occult hepatitis B infection: an

evolutionary scenario. Virol J. 2008; 5:146.
26- Emara M. Occult hepatitis B: the Egyptian situation. Tropical
Gastroenterology 2012. 33 (4)242-250

27-Bonino P, Colombatto P, Brunetto MHBeAg-Negative/Anti-HBe-Positive
Chronic Hepatitis B: A 40-Year-Old History Viruses 2022; 14(8):1691.
28- Samal J, Kandpal M, Vivekanandan P. Molecular Mechanisms Underlying
Occult Hepatitis B Virus Infection. Clin Microbiol Rev 2012;25(1):142—163.
29-_Leong J, Lin D, Nguyen M. Hepatitis B surface antigen escape mutations:
Indications for initiation of antiviral therapy revisited. World J Clin Cases
2016;4(3):71-75. 30-Delghandi S, Raoufinia R,
Shahtahmasbi SH. An overview of occult hepatitis B infection (OBI) with
emphasis on HBV vaccination. Heliyon 2024;10(17): 37-97

31- Hassnin AA , Saber MA , Fouad YM. Clinical study on the efficacy of hepatitis

32-

B vaccination in hepatitis C virus related chronic liver diseases in Egypt. Virus
Res 2022; 3(23):198953.

Park SH, Barbara Rehermann B. Immune Responses to HCV and Other

Hepeatitis Viruses. Immunity. 2014; 40(1):13-24.
33- Al-Zahaby A, Zaky S. El-Tiby D. Efficacy of Hepatitis B Virus Vaccination
and Antibody Response to Reactivation Dose Among Adult Non-Responders to
Primary Hepatitis B Vaccination in Chronic Hepatitis C Egyptian Patients.
Journal of  Gastroenterology and Hepatology.2017; 6(5):1-5
34- Fernandez-Rodriguez C, Luisa GutierrezM, Luis Lledé J. Influence of
occult hepatitis B virus infection in chronic hepatitis C outcomes. World J
Hepatol. 2011;17(12):1558-1562. 35-_Yang SS, Fu F, Xuan QK.

oadait) ddaa
‘ £2026 5552 - 5 (12) Asall (22) 2221 III pladl p el



https://pubmed.ncbi.nlm.nih.gov/?term=%22Thomas%20B%22%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=%22Mohandas%20A%22%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=%22Jayadev%20VK%22%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=%22Jayadev%20VK%22%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=%22Daram%20M%22%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=%22Daram%20M%22%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=%22Montazeri%20G%22%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=%22Karimzadeh%20H%22%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=%22Al-Busafi%20SA%22%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=%22Al-Busafi%20SA%22%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=%22Alwassief%20A%22%5BAuthor%5D
https://www.researchgate.net/profile/Daniel-Candotti-2?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6Il9kaXJlY3QiLCJwYWdlIjoicHVibGljYXRpb24ifX0
https://www.researchgate.net/profile/Jean-Pierre-Allain?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6Il9kaXJlY3QiLCJwYWdlIjoicHVibGljYXRpb24ifX0
https://www.researchgate.net/journal/Journal-of-Hepatology-0168-8278?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6Il9kaXJlY3QiLCJwYWdlIjoicHVibGljYXRpb24ifX0
https://www.researchgate.net/journal/Journal-of-Hepatology-0168-8278?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6Il9kaXJlY3QiLCJwYWdlIjoicHVibGljYXRpb24ifX0
https://pubmed.ncbi.nlm.nih.gov/?term=%22Pu%20Z%22%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=%22Ji%20Z%22%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=%22Su%20H%22%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=%22van%20Hemert%20FJ%22%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=%22Zaaijer%20HL%22%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=%22Berkhout%20B%22%5BAuthor%5D
https://www.researchgate.net/profile/Mohamed-Emara-10?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
https://www.researchgate.net/profile/Mohamed-Emara-10?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
https://www.researchgate.net/journal/Tropical-Gastroenterology-0250-636X
https://www.researchgate.net/journal/Tropical-Gastroenterology-0250-636X
https://pubmed.ncbi.nlm.nih.gov/?term=%22Samal%20J%22%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=%22Samal%20J%22%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=%22Kandpal%20M%22%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=%22Vivekanandan%20P%22%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=%22Leong%20J%22%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=%22Lin%20D%22%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=%22Nguyen%20MH%22%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=%22Delghandi%20S%22%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=%22Raoufinia%20R%22%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=%22Shahtahmasbi%20S%22%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=%22Shahtahmasbi%20S%22%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=%22Hassnine%20AA%22%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=%22Saber%20MA%22%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=%22Fouad%20YM%22%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=%22Park%20SH%22%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=%22Rehermann%20B%22%5BAuthor%5D
https://www.researchgate.net/scientific-contributions/Amgad-Al-Zahaby-2133983927
https://www.researchgate.net/scientific-contributions/Amgad-Al-Zahaby-2133983927
https://www.researchgate.net/profile/Samy-Zaky
https://www.researchgate.net/scientific-contributions/DIAA-EL-TIBY-2240486464
https://www.researchgate.net/journal/Journal-of-Gastroenterology-and-Hepatology-Research-2224-3992?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
https://pubmed.ncbi.nlm.nih.gov/?term=%22Fernandez-Rodriguez%20CM%22%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=%22Gutierrez%20ML%22%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=%22Lled%C3%B3%20JL%22%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=%22Yang%20SS%22%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=%22Fu%20F%22%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=%22Xuan%20QK%22%5BAuthor%5D

Breakthrough infection of Hepatitis B Virus after vaccination. ISSN: 2410-7727
Ahmed Muthanna Nasser AL-Bishi L

Hepatitis B surface antigen-negative but hepatitis B envelope antigen-positive
false  occult hepatitis B virus  infection2024;16(10):1199-1207.
36-Lok AS, _Everhart JE, Bisceglie AM. Occult and Previous Hepatitis B
Virus Infection are not Associated with Hepatocellular Carcinoma in US Patients
with Chronic Hepatitis. Hepatology. 2011;54(2):434—442.

F oadai) dldas
#2026 555 - i (12) lsall (22) 2241 III Lipkl) o el



https://pubmed.ncbi.nlm.nih.gov/?term=%22Lok%20AS%22%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=%22Lok%20AS%22%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=%22Everhart%20JE%22%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=%22Di%20Bisceglie%20AM%22%5BAuthor%5D

Breakthrough infection of Hepatitis B Virus after vaccination. ISSN: 2410-7727
Ahmed Muthanna Nasser AL-Bishi L

dselaizVg dbludYl pgdal) udusl & Lo

/‘ ICEVS WUNPS SOVY WY WER
s "A ISSN:2410- 521X ;g SV Joll eyl
Julai m ISSN:2410- 1818: 5581 gl oyl
s Uiy For e ”m journal@andalusuniv.net : (39,3SIY Wy

L 59 a_m,mg,_é@,@aﬁ Aol

Arcif oogle

Analytics

YAHOO’ | %4 o* iinghiall 2

< DAR ALMANDUMAH

S crorst @

g% Kezana

2025 2024 2023 2022 2021 plal)
0.5978 0.3068 0.3759 0.1954 0.2692 syl ol
1.59 1.55 1.25 1.73 1.60 oA A Jalas

F oalaily) ddaa
£2026 5352 - i (12) ladl (22) 232l Lkl o sla1




