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Abstract

Aims: Hepatitis B virus (HBV) infection is still a worldwide
public health problem despite regular vaccination
programs around the world. This study was performed to
investigate the serological pattern of vaccinated subjects
against recombinant repeatedly isolates of hepatitis B
virus surface mutants, and evaluate the characteristics of
HBsAg positive patients having HBs antibodies
concurrently.

Methods: Fifty vaccinated health care staffs participated
in this study accompanied with five patients
simultaneously carry HBsAg and anti-HBs antibody. For all
the samples, the anti-HBs Enzyme-linked immunosorbent
assay was performed for detecting antibody against
thirteen recombinant mutants.

Findings: The results showed that all vaccinated
individuals had clinically sufficient protective antibody
values (greater than 10 MIU/ml) with the mean value of
165 miU/ml £+ 29 mlIU/ml. whereas, only 30% of
individuals showed the complete protective neutralizing
immune response to all specific HBsAg recombinant
mutants. The lack of responsiveness mainly observed in
three of HBV mutants; D144A (70%), Q129R (48.5%) and
G145R (ad) (30%) respectively. The HBV chronic carriers
with anti-HBs showed having the Q129R, G145R (ay),
D144A,T126 N, T126s and G145 (ad) escaped mutants.

Conclusion: The lack of responsiveness to some specific
HBV mutants in vaccinated subjects, point out the

potential risk of exposure to hepatitis B virus mutants.
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Introduction

Hepatitis B virus (HBV) is a major etiologic agent of liver
infection worldwide. The HBV is classified in Hepadnaviridae
family and own a semicircular double stranded DNA molecule

[1].

Despite vaccinations, hepatitis B virus (HBV) infections are
still very common worldwide. It has been demonstrated that
approximately 2 billion people globally are affected to The HBV
[2].

Hepatitis B virus is considered moderately endemic in Iran
with 3% of the population having evidence of chronic HBV
infection [3].

The hepatitis B surface antigen (HBsAg); found on the
surface of the virus is classified into 8 genotypes (A-H) and 9
serological subtypes. The subtypes are characterized by amino
acid changes within ‘a’ determinant region of the S gene, i.e.,
aywl, ayw2, ayw3, aywd, ayr, adw2, adw4, adrg+ and adrg-
[4]. It is reported that genotype D is the predominant HBV
genotype in the middle east and in Iran especially subtype
ayw? [5,6].

The ‘@’ determinant region is the most heterogenous
sequence of the S gene [7]. It is an immune dominant epitpe
considered to be the most important target for diagnosis and
immune prophylaxis [8]. There are various use of “a”
determinant region in hepatitis B vaccines and inducing
neutralizing antibodies [9]. However, the recognition of new
mutants within “a” determinant region became an issue of

concern about the efficacy of vaccination program [10].

It has been described a wide range of mutants of HBsAg
where conformational changes in the "a" determinant may
lead to inability to neutralize this virus and produce false
negative or low reactive results in some diagnostic assays [11].

Immunoprophylaxis and treatment strategies such as
vaccination and anti-viral drugs and also the immune
responses make the virus in forced to select mutations; so, the
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term “escaped mutant” is commonly used for HBV mutant
variants [12].

Carman et al. first described a vaccine-induced escape
mutant in codon 145 in the “a” determinant in a children from
HBV positive mothers who received vaccination and
immunoglobulins [13].

It has been reported that we still lack data on possible
transmission of escaped mutants to vaccinated subjects and
that chronic carriers with both antigen and anti-HBs could be
considered potential reservoirs of immune escape variants
[8,14].

This study was conducted in order to determine the
serological pattern of vaccinated subjects against some
recombinant hepatitis B virus surface mutants, which contain
mutation within their “a” determinant region. Also the
serological profile of HBsAg positive patients having
concurrently HBs antibodies was investigated.

Materials and Methods

Sample selection

The study group consisted of 50 HBsAg negative, vaccinated
health workers who received completely three times of
standard and national hepatitis B recombinant vaccine
(Pasteur Institute, Iran) during the last year. Subjects were at
the age of 20 to 40 however, some of the persons had been
vaccinated in their previous workplace. We also received 5 rare
serum specimens related to patients carry both HBs Ag and
anti-HBs antibodies simultaneously, all with proven chronic
HBV infection. One of them a teenage boy was vaccinated
through the national vaccination program, one had co-
infection with HCV and all patients were chronic HBV carriers
under treatment. All procedures performed in the study
involving human participants were in accordance with the
national ethical standards committee and a consent letter was
taken from participants.

Evaluating the protective immune response

To evaluate the total protective antibody titer against HBsAg
in the study group, the ELISA test performed using Pishtazteb,
Iran Anti-HBs Elisa kit, in which the Ay and Ad subtypes are
coated and the standard sets were calibrated against the
second international Standard for anti-hepatitis B surface
antigen (anti-HBs) immunoglobulin, human NIBSC code:
07/164 [15].

To assess the presence of protective antibody response
against specific recombinant HBsAg mutants in all study
populations, an antigen sandwich (antibody capture) enzyme-
linked immunosorbent assay (ELISA) has been developed. The
competency of recombinant mutants and wild type antigen
was approved by all being detected and recognized using
commercial General Biology HBV kit (GB Inc., Taiwan). The
appropriate concentration of 1 mg/L was selected for coating
as it was set for the wild type antigen as control. Considered
recombinant HBsAg mutants, including: Q129R, G145R (ay),
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T143k, T126s, T126 N, D144A, K142E, M133H, P142s, M133L,
G145R (ad), Q129L, Q129H and wild type HBsAg (Wt) (Gen
Way Biotec Inc., USA) were coated on the solid phase. Coated
plates were incubated at 4°C and Blocked with BSA and dried
at room temperature. 100 pl specimen was added to the all
mutants and wild type control well. After 1-hour incubation at
37°C, then washed and 100 pul conjugate (HBs antigen HRP,
Pishtazteb, Iran) was added and incubated at 37°C for 30 min,
unbound conjugate was removed by extensive washing and
HBsAg/HRP was detected by addition of TMB substrate, which
gives a blue color in the presence of HRP. After 15 minutes
substrate incubation, the reaction was stopped with 1 M HCL
and positive wells appeared in yellow. The absorbance was
read at two wavelengths, A450 nm and A630 nm as reference,
in Tecan automated plate reader.

Serological profiles of patients carry both HBs
Ag and anti-HBs antibodies

All 5 HBS Ag positive patients were also analyzed for other
HBV infection markers, such as anti-HBc and HBe Ag or anti-
HBe (Monobind USA). Patients were also tested for hepatitis C
virus (HCV) and human immunodeficiency virus (HIV) infection
(Pishtazteb, Iran). All assays were performed within the
sensitivity limits claimed by their manufacturers.

Molecular genotyping

To determine the virus genotype in five vaccine or
treatment-escaped mutant patients, HBV DNA was extracted
from each patient’s serum, using QlAamp DNA Blood Mini Kit
(Qiagen, Hilden, Germany). HBsAg DNA amplification was done
according to the nested PCR method described by Hideo et al.
[16].

Suitable primers were selected as listed in Table 1; The first
PCR performed to amplify the pre-S1 through S genes with
outer primers for initial 10 min at 95°C and followed by 40
cycles consisting of 94°C for 20 s, 55°C for 20 s, and 72°C for 1
min.

The second round was carried out by the first PCR product
added to the tube containing the set of each of the inner
primer pairs including genotype D, E and F. These were
amplified for 40 cycles with the following parameters:
preheating at 95°C for 10 min, 20 cycles of amplification at
94°C for 20 s, 58°C for 20 s, and 72°C for 30 s, and an
additional 20 cycles of 94°C for 20 s, 60°C for 20 s, and 72°C for
30s.

Both reactions had 40 pl of a reaction buffer containing 50
ng primer, a 200-mM concentration of each of the four
deoxynucleotides, 1 U of AmpliTag Gold DNA polymerase
(Thermo), and buffer containing 1.5 mM MgCI? using The
Eppendorf thermocycler.

Second-round PCR products from one sample were
separately electrophoresed on a 3% agarose gel, stained with
ethidium bromide, and evaluated under UV light. The sizes of
PCR products were estimated according to the migration
pattern of a 50-bp DNA ladder (Roche Applied Science). As mix
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B primers allow for detection of types D, the amplification
products at the distinct size of 119 bp in gel electrophoresis
represent D genotype.

Table 1 Primers used for PCR in molecular genotyping of
HBsAg.

Name Sequence 5" to 3° Base position

Outer primers F: TCA CCA TAC TCT TGG GAA CAA
(preS1-S) GA

R: CGA ACC ACT GAA CAA ATG GC

(nt 2823-2845)
(nt 685-704)

F: GCC AAC AAG GTA GGA GCT
R: GGA GGC GGA TT GCT GGC AA

Inner primers
(for genotype
D only)

(nt 2979-2996)
(nt 3078-3097)

Statistical analysis

The collected data were analyzed using descriptive
statistical methods. Comparisons were performed using the
Analysis of variance (Anova test) for parametric, quantitative
data. For comparison between two specific mean, T-test was
done as well The P value less than 0.05 was set for statistically
significant results. Data were analyzed using Graph pad prism
5.

Results

The results showed that all 100% of vaccinated healthcare
workers had clinically sufficient protective vaccine-induced
HBs antibody values with the mean of 165 + 29 (mean + SD)
miU/ml, greater than 10 mIU/ml. The minimum HBsAb titer
was 45 mlU/ml and the maximum value was greater than 200
mIU/ml (Figure 1).

However, only 30% (15 out of 50) of individuals showed the
complete protective immune response (>10 mlU/ml) to all 13
specific HBsAg recombinant mutants and 70% of cases (35 out
of 50) showed a lack of responsiveness at least in 1 mutant.

As data are shown in Figure 1, the complete protective
antibody response at 100% of the study group was observed
against M133L, M133H, T126N, K142E, T126s mutants and
Q129L HBsAg mutants. The mutation at T143k, P142s, G145R
(ay) and Q129H, also lead to optimal immune response in 96%,
93%, 92% and 91% of vaccinated individuals, respectively.

The lack of responsiveness mainly found in three of HBV
mutants; D144A Q129R and G145R (ad) in 70%, 48.5% and
30% of cases, respectively.

Our results indicated that 8% (4 out of 50) of vaccinated
healthcare staffs showed the antibody titer of less than 100
miU/ml (range between 10 to 100 mlU/ml) and these
individuals were more likely to have poor responsiveness and
showed lack of protective antibody against 46% of the
recombinant mutants, including Q129R, G145R (ay), T143K,
D144A, P142s, G145R (ad), P142S and Q129H. (P-value<0.05).

Although, it is observed that all subjects showed a
significantly greater value of total HBs antibody titer against
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wild type antigen and in control HBsAb commercial kit, rather
than any single recombinant mutants (P-value<0.05).
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Anti-HBs antibody value in vaccinated subjects (mIU/ml)
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Figure 1 The antibody response values against HBsAg
mutants in comparison with the commercial HBsAb kit and
wild type antigen (Wt) considered as controls. The antibody
titer concentrations equal or greater than 10 mIU/ml
considered as a sufficient response.

. /

All vaccinated subjects were at the age of 20 to 40 years old,
dividing into two groups; no significant relation observed
between age decades 20-30 or 30-40 and the titer of antibody
response. (P value>0.05).

The amino acid mutation pattern of 5 HBV chronic carriers
with anti-HBs, showed in Table 2. The mean titers of anti-HBs
in these patients for commercial anti-HBs kit and wild type
antigen were 32 miU/ml £+ 7 mlU/ml and 45 mlU/ml + 9
mIU/ml, respectively.

Every patient except one showed values less than 10
mIU/ml antibody titer in two or three specific mutants, which
interpreted as being neutralized by that particular mutant and
showing lack of serological reaction at the moment of the test
procedure (Table 1).

In the case of other infection markers, 1 out of 5 HBs
antigen and antibody positive patients were positive for HCV
infection, none of the patients were infected with HIV, and all
showed positive total anti-HBc representing chronic HBV
infection.

According to the genotyping results, isolated belonged to
genotype D.

Discussion

Despite hepatitis B virus (HBV) national vaccination program
since 1993 in Iran, this infection is still causing many health
problems in this country [3]. The main objective of this study
was to investigate the serological pattern of vaccinated health
care staffs against some repeatedly isolated hepatitis B virus
surface mutants, within ‘a’ determinant region.

The results showed that, despite the complete optimal
protection (greater than 10 mlU/ml) in 100% of vaccinated
healthcare workers, only 30% (15 out of 50) of individuals
showed the protective immune response to all 13 specific
HBsAg recombinant mutants. The Lowest antibody titer was
observed against D144A, Q129R and G145R (ad) mutants with
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lack of responsiveness in 70%, 48.5% and 30% of cases,
respectively.

Recent studies have shown that amino acid substitutions
within ‘a’ determinant region may considerably reduce the
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affinity and affect the reactivity pattern of HBV mutants to
neutralizing antibodies [17-19]. This study confirms recent
reports that the mutation D144A is known to avoid recognition
by neutralizing anti-HBs in available diagnostic tests [10,20,21].

Table 2 Serological profiles in chronic patients carry both HBs Ag and anti-HBs.

Patient no. Geno-type ;BSA Anti-HBs ECVA Anti-HBcTotal Anti-HBclgM ;IBeA Anti-Hbe Amino acid substitution
1 D Pos Pos Pos Pos Pos Pos Neg Q129R, G145R(ay), T126s
2 D Pos Pos Neg pos Neg Pos Neg Not Detected

3 D Pos Pos Neg Pos Pos Pos Neg T126s, G145R(ad), D144A
4 D Pos Pos Neg Pos Neg Neg pos T126N, G145R(ay)

5 D Pos Pos Neg Pos Neg Pos Neg Q129R, D144A

Genetic background is another significant factor for poor
antibody response which has been shown in this study. The
variation between the lowest and highest level of antibody
value in each diagram boxes in Figure 1, reveals the matter of
Individual differences. It has been shown that the persistence
of responsiveness to HB vaccination was associated with the
presence of HLA-A*02 and DRB1*08 and the absence of B*15
alleles [22-24]. This study indicated that 8% of vaccinated
healthcare staffs showed the antibody titer of less than 100
mIU/ml; these poor responder individuals significantly show
lack of responsiveness against almost half of the recombinant
mutants. This study observed no remarkable relation between
20 to 30 and 30 to 40 age decades of individuals and
responsiveness to vaccination.

Our study showed that a few rates of chronic HBV infected
patients simultaneously have both free HBs antigen and HBs
antibody. This double positive hepatitis B virus infection may
be considered as false positive in routine diagnostic tests. We
could not differentiate between the effect of treatment or
vaccination to induce immune escape mutations; but the
results showed that the amino acid pattern of chronic HBsAg
carriers with anti-HBs, in this study (Table 2), was inconsistent
with the high frequent common mutations previously
reported, including G145R, 1/T126N/S, Q129N/R, D144A/H/E
and P120T [25,26]. The mutation in one of the patients
remained unknown due to the limited number of mutation
used in this study and suggesting the occurrence of another
mutation within or outside the ‘a’ determinant [27,28].

In agreement with our results, a study compared the rate of
amino acid substitution from chronic HBsAg carriers with and
without concomitant anti-HBs. They found an increased
number of mutations (9.5%) in the HBsAg “a” determinant in
anti-HBs positive carriers [14]. The increase of mutation has
been described by several authors. In contrast, some studies
demonstrated that chronic HBsAg carriers with anti-HBs did
not have significantly more mutations than carriers without
anti-HBs. [25,29]

Additionally, the data showed that all isolates belonged to a
single genotype, D, which is in agreement with previous
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studies that confirmed genotypes D as the most unique
genetic pattern in Iran [5,30].

Conclusion

The lack of responsiveness to some HBV mutants in this
study, remarkably represents potential transmission threat of
vaccine or treatment-induced escaped mutants to vaccinated
individuals and points out the risk of occupational exposures
[31]. Available data suggest that hepatitis B vaccine appears to
be effective in protecting for at least 15 years, but whether the
HBV mutants can infect vaccinated people is unclear and
needs surveillance [7,32]. It is recommended to monitor such
vaccine or treatment-escape mutants [31-33]. However, the
findings from this study are endemic restricted and needs
more evidence to be generalized.
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