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Abstract

In Tunisia, the prevalence of naturally occurring surface (S)
gene variants of hepatitis B virus (HBV) has not been deter-
mined. In the present study, the prevalence of these variants
was examined in terms of the clinical and viral state in a se-
ries of 99 Tunisian patients with HBV infection. The S genes
were amplified and directly sequenced. Genotype D was
predominant (98%), 40.4% isolates belonged to subgeno-
types D7 and 1 to subgenotype D2. The most common sub-
type was ayw?2 (95.9%). In total, 60.6% of the studied strains
harbored S mutations. Several novel mutation patterns were
detected. Interestingly, the presence of S mutations was sig-
nificantly correlated with the D7 subgenotype, low HBY DNA
and advancing age (=35 years), and tended to be higher in
liver cirrhosis than in chronic infection. The global preva-
lence of the major hydrophilic region variants was 12.1%,

with substitution S143L/T as the most frequent (4%). Only
33.9% of S substitutions produced amino acid changesin the
polymerase gene. In conclusion, a high prevalence of natu-
rally occurring HBsAg variants was observed among Tuni-
sian HBV carriers. Natural viral variability in a geographical
region and duration of infection are among the major factors
associated with the occurrence of S mutations.

© 2016 S. Karger AG, Basel

Introduction

Despite the availability of hepatitis B surface antigen
(HBsAg) vaccines and mass immunization schemes, hep-
atitis B virus (HBV) infection continues to be a major
public health problem with more than 350 million chron-
ically infected people, some of whom develop liver cir-
rhosis and hepatocellular carcinoma [1].

HBV is an enveloped virus belonging to the Hepad-
naviridae family. The genome is a small circular partial-
ly double-stranded DNA molecule of about 3.2 kb, in-
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cluding 4 overlapping open reading frames (ORF). HBV
displays remarkable genetic diversity, compared to oth-
er DNA viruses, related to high levels of virus produc-
tion and error-prone nature of the reverse transcriptase
(RT) polymerase. In addition, host immune systems,
passive and active immunization, and antiviral therapy
act as selective pressures driving HBV evolution [2]. To
date, molecular phylogenetic analyses of HBV have re-
vealed 9 genotypes (A-I) and approximately 40 sub-
genotypes which exhibit different geographical distribu-
tion [3].

HBsAg, the major envelope protein of HBV, is com-
posed of 226 amino acids (aa) and contains a central re-
gion called the major hydrophilic region (MHR) from aa
100 to 169, which is highly immunogenic and is under
selective pressure of the immune system. Interestingly,
the MHR contains a cluster of major B-cell epitopes lo-
cated between aa 124 and 147, termed the ‘a’ determinant.
This highly conserved region is considered the major im-
mune target for antibodies induced by passive or active
immunization and used in diagnostic assays [4]. Muta-
tion of HBsAg, particularly within the ‘a’ determinant,
could alter the antigenicity of this protein, leading to neu-
tralization failure of virus by anti-HBs antibody and may
cause escaping from the host’s immune system [5, 6].
These mutations can be selected under immune pressure
during the course of HBV infection [7, 8], either within
or outside the MHR region [9-11].

Understanding the prevalence and diversity of HBsAg
variants is of high importance, because this will affect pol-
icy decisions relating to vaccine and diagnostic reagent
design [12]. However, the prevalence of S mutations is
still unknown in many geographical regions. De Mad-
dalena et al. [13] found that genotype D strains carry
more mutations in the ‘a’ determinant with potential es-
cape mutants in nonvaccinated subjects. Therefore, they
indicate the need for careful surveillance of these variants
in areas in which genotype D predominates. Tunisia is a
country with an intermediate HBV endemicity; the prev-
alence of HBsAg ranges from 4 to 7% [14] with predomi-
nance of genotype D [15, 16]. However, to date there has
been alack of data on the genetic diversity of HBsAg from
HBYV isolates circulating in Tunisia. The prevalence of
HBsAg polymorphisms is still unknown and should be
recorded.

The aim of the present study was to determine the
prevalence of naturally occurring HBsAg polymorphisms
and describe the specific mutation patterns in a signifi-
cant number of HBV strains isolated from Tunisian pa-
tients.

HBs Antigen Mutants in Tunisia

Materials and Methods

Patient Samples

The study population included 99 HBV chronic carriers se-
lected from patients followed for hepatitis B infection, in the De-
partment of Infectious Diseases at Farhat Hached University
Hospital in Sousse, during the period from 2010 to 2014. The
diagnosis of HBV infection was based on a positive result of
HBsAg for at least 6 months and a positive result for HBV DNA.
Exclusion criteria were: coinfection with hepatitis C virus (HCV),
hepatitis D virus and human immunodeficiency virus. None of
the patients were vaccinated for HBV or had received antiviral or
immunoglobulin therapy. The serum samples from all patients
were stored at —-20°C until analysis. The study was reviewed and
approved by the Ethics Committee of Farhat Hached University
Hospital.

Serological and HBV DNA Quantitative Assays

Hepatitis B virus markers (HBsAg, anti-HBs, anti-HBc total,
HBeAg, anti-HBe) and HCV (anti-HCV) were detected by mic-
roparticle enzyme immunoassay technology (AxSYM; Abbott
Laboratories, Abbott Park, Ill., USA). Liver function tests, includ-
ing alanine aminotransferase and aspartate aminotransferase,
were measured using commercially available autoanalyzers. HBV
DNA levels were quantified by a commercial real-time PCR
(COBAS AmpliPrep/COBAS TaqMan, Roche Diagnostics); the
detection limit was 12 TU/ml.

Extraction of HBV DNA, Amplification and Sequencing of

Surface Gene

Viral DNA was extracted from 200 ml serum using the EZ1
Virus Mini Kit v.2.0 (Qiagen, Hilden, Germany) following the
manufacturer’s instructions. HBV DNA was amplified by poly-
merase chain reaction (PCR), as previously described [17], with
the platinum Taq DNA polymerase (Invitrogen, Life Technologies
Corporation, Monza, Italy). The PCR products were purified using
the Amicon® Ultra-0.5 Centrifugal Filter Devices in accordance
with the manufacturer’s instructions. Sequencing reactions were
performed using the Genome Lab DTCS Quick Start Kit (Beckman
Coulter Inc., Fullerton, Calif., USA) and were run on an automat-
ed DNA sequencer (Beckman Coulter Inc.). PCR and sequencing
were possible only for serum samples with a viral load above 2,000
IU/ml. A fragment of the S gene, which comprised codons 33-226
of the HBsAg molecule, was selected for analysis.

Sequence and Phylogenetic Analysis

Sequence analysis was performed with Chromas software and
BioEdit Package. For the phylogenetic analysis, the 99 sequences
obtained in this study were aligned with representative reference
sequences of all known HBV genotypes and different subgeno-
types of genotypes D (D1-D8) and A (A1-A6) imported from the
GenBank database. The sequences were aligned using the Clust-
alW program incorporated in BioEdit sequence alignment soft-
ware. Genetic distance was estimated using the Kimura two-pa-
rameter model, and the phylogenetic tree was constructed using
the neighbor-joining algorithm in the MEGA software. The reli-
ability of the phylogenetic tree was tested by bootstrap analysis
with 1,000 replicates. The S gene sequences generated in this work
have been deposited in the GenBank database under accession
numbers 1TunSO_14 to 102TunSO_14.
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Table 1. Characteristics of the patients and HBV isolates with and without S mutations

All patients Patients with Patients without Statistical analysis
(n=99) S mutations (n = 60) S mutations (n = 39) (OR/p value)

Age?, years 36.4+11.1 38.4+11.5 33.4+9.9 p=0.03*
Age 235 yearsb 51 (51.5) 37 (61.6) 14 (35.8) OR=29,p=0.01*
Gender (M/F)® 52/47 29/31 23/16 OR=15p=03
HBeAg positive® 18 (18.1) 10 (16.6) 8 (20.5) OR=0.7,p= 0.6
HBV DNA?, IU/ml 10,214 [2,200-107] 6,190 [2,200-107] 26,000 [2,400-107] p=0.1
HBV DNA <10,000 IU/ml’ 50 (39.4) 35(58.3) 15(38.4) OR =23, p =0.04*
ALT? U/ 55.5+129 58.8+154.1 50.4£80.1 p=0.7
Cirrhosis® 12 (12.1) 9 (15) 3(7.6) OR=2.1,p=0.2
Genotype

A 1(1) 1(1.6) 0

D 97 (98) 58 (96.6) 39 (100) na
Subgenotype®

D7 40 (40.4) 30 (50) 10 (25.6)

D2 1(1) 1(1.6) 0

Other 58 (58.6) 29 (48.3) 29 (74.3) OR=3,p=0.01*
HBsAg subtype

ayw2 95(95.9) 56 (93.3) 39 (100)

ayw3 2(2) 1(1.6) 1(2.5)

adw? 2(2) 1(1.6) 1(2.5) na.

Data are presented as means + SD, numbers with percentages in parentheses, or medians with ranges in square brackets. ALT =
Alanine aminotransferase; OR = odds ratio; n.a. = not adopted. * p < 0.05.
* Statistical significance was calculated using the two independent samples t test.

b Statistical significance was calculated using the y test.

Identification of HBV Subtype and Variations of S Gene

The nucleotide sequences of each sample were translated into
envelope gene aa sequences according to the ORF of the S gene (S
ORF). HBsAg subtype was predicted from the aa sequence of the
S gene, by a new algorithm [18], which is based on identifying aa
at positions 122, 127, 140, 159, and 160. For identifying HBsAg
variants, deduced aa sequences were aligned and compared with
the HBV reference sequence of the same genotype in BioEdit soft-
ware. As the S gene overlaps completely with the polymerase gene,
the deduced aa sequence of the corresponding fragment of the
polymerase was analyzed, and effects of HBsAg variations on the
polymerase protein were determined by translation of the se-
quences according to the polymerase ORF (P ORF).

Statistical Analysis

Statistical analyses were performed using SPSS software. Val-
ues were expressed as percentages, median (ranges) or as mean +
standard deviation when appropriate. Differences between cate-
gorical variables were analyzed using Fisher’s exact test or the x?
test. Student’s t test was used for continuous variables. Correlation
of S variant occurring with demographic and clinical features was
identified by univariate and multivariate analyses using a logistic
regression analysis. A p value <0.05 was considered statistically
significant.
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Results

Patient Characteristics

Ninety-nine patients with chronic HBV infection were
studied. The study subjects consisted of 52.5% males (n =
52) and 47.5% females (n = 47) with a mean age of 36.4
years and a range of 19-71 years. Among them, 18.1%
were HBeAg positive, and 12.1% had liver cirrhosis. De-
mographic and virological data of patients are illustrated
in table 1.

Identification of HBV Genotypes and Subgenotypes

Phylogenetic analysis showed that genotype D was
predominant, accounting for 98 out of 99 isolates (data
not shown). Genotype A was found in only 1 sample.
Among the 98 genotype D isolates, 41 (41.4%) were suc-
cessfully subgenotyped by a statistically supported phylo-
genetic tree (fig. 1). Overall, 40/98 isolates belonged to
subgenotype D7 (40.8%) and 1/98 to subgenotype D2
(1%). For the remaining 57 genotype D isolates (58.1%),
it was impossible to obtain a statistically supported sub-
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Fig. 1. A phylogenetic tree constructed us-
ing the neighbor-joining method, showing
D2 and D7 subgenotypes from 41 Tunisian
HBYV patients.
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genotyping tree as variation in the sequenced region was
not high enough to classify these HBV isolates. Thence,
all the analyses were performed considering two large
subgenotype groups: the ‘D7 subgenotype group’, includ-
ing all 40 D7 isolates, and the ‘other subgenotype group’,
including 57 uncharacterized genotype D isolates. The re-
sults are summarized in table 1.

Prediction of HBsAg Subtypes and Association with

HBYV Genotypes

The majority of Tunisian HBV strains belonged to the
ayw2 subtype (95.9%, 95/99) based on Argl22, Lys160,
Pro127, Tyr134 and/or Gly159. Whereas adw2, based on
Lys 122, Lys160, Pro127, Phel34 and Ala 159, was found
in only 2 isolates, 1 genotype D and in the single strain of
genotype A. Subtype ayw3, based on Arg122, Lys160 and
Thr127, was found in 2 D7 isolates and in the single strain
D2. Results concerning HBsAg subtypes are shown in ta-
ble 1.

Genotype- and subgenotype-dependent polymor-
phisms and variations at positions 122, 127, 140, 159, and
160 were not considered as MHR mutations.

Mutation Analysis of the S Gene in Tunisian HBV

Isolates

Analysis of the 99 HBV Tunisian patients revealed sev-
eral aa substitutions in the S region that codes aa 33-226.
Overall, 346 nucleotide substitutions occurred, of which
115 (33.2%) were missense (aa mutations), and 231
(66.7%) were silent (no aa change). In total 60/99 (60.6%)
of the studied strains harbored 115 mutations at 48 dif-
ferent aa positions of HBsAg. Thirty-one (51.6%) of the
strains with aa substitutions showed a single mutation,
whereas 29 (48.3%) had a combination of 2-7 mutations.

In univariate analysis, the comparison of clinical and
virological characteristics between patients with and
without S variants revealed that age >35 years was sig-
nificantly associated with occurrence of S variants (OR =
2.912, 95% confidence interval, CI = 1.245-6.628; p =
0.01; table 1). No significant association with patient sex
was detected. In addition, 75% of D7 subgenotype isolates
displayed S mutations, thus making the correlation with
this subgenotype highly significant (OR = 3.000, 95%
CI =1.242-7.244; p = 0.01). The correlation between the
presence of Smutations andlow HBV DNA level (<10,000
IU/ml) was found to be significantly associated (OR =
2.333,95% CI = 1.019-5.342; p = 0.04), whereas the cor-
relation with HBeAg status was not found to be statisti-
cally significant (p = 0.5). Although the frequency of mu-
tations was higher in cirrhosis patients, the correlation

40 Intervirology 2016;59:36-47
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with cirrhosis did not reach statistical significance (p =
0.2).

In multivariate analysis, D7 subgenotype and low
HBV DNA (<10,000 IU/ml) were found to be significant
independent variables associated with the occurrence of
S variants (OR = 1.210, 95% CI = 1.039-1.409; p = 0.01;
and OR =2.924,95% CI = 1.224-6.982; p = 0.01), respec-
tively.

Allocation of Mutations to Surface Protein Immune

Epitopes

The pattern of mutated distribution was established
using the published data on the different HBV surface
protein immune epitopes [19]. In total, 1, 4 and 4 regions
have been proposed for B-cell, T-helper and CTL im-
mune epitopes across the surface protein, respectively.
Our results demonstrated that most of the aa substitu-
tions (79.1%, 91 of 115 mutations) occurred in different
antigenic epitopes of the S gene, with the following distri-
bution: 14 (12.1%) in B-cell epitopes in 8 residues, 26
(22.6%) in T-helper epitopes CD4+ in 13 residues and 51
(44.3%) inside CTL epitopes in 15 residues; 24 mutations
(20.8%) were positioned out of these regions.

MHR Mutational Patterns

Twelve (12.1%) of 99 patients showed an aa substitu-
tion in the MHR region. aa substitution in the ‘a’ deter-
minant region was observed in 8 isolates (8%). Nine iso-
lates displayed only 1 MHR mutation, whereas 3 had a
combination of 2 mutations, making the total number of
discovered MHR mutations 15. As a result of single base
substitution, 9 aa residues were affected: 104, 110, 118,
128,134,138,143,150,and 169. Interestingly,in 1 HBeAg-
positive chronic patient (patient 9094 in table 2), a 24-nu-
cleotide deletion was detected in the MHR, affecting 8
codons: s110-s117. No insertion or stop codons were ob-
served in this region.

The most variable position in the MHR was aa 143
with a rate of 4% (4/99), including Ser143Leu and Ser-
143Thr, each detected in 2 patients with chronic hepatitis
B. This degree of diversity is followed by Y134N/F (3%),
L104W (0.99%), T110L (1%), T118V (1%), A128V (1%),
C138G (1%),1150V (1%), and R169H (1%). Different fre-
quencies of mutations within the MHR and other regions
of HBsAg are illustrated in figure 2a. Interestingly, an al-
teration of aa cysteine residues of disulfide bonds in the
‘a’ determinant at position 138 was detected in 1 chronic
infection patient (patient 234 in table 2). aa cysteine resi-
dues at positions 124, 137, 139, and 147 had no alterations
and were considered as conserved positions.
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Table 2. Clinical and virological characteristics of 60 patients with aa substitutions in the HBsAg

Patient Gender, HBeAg/ ALT, HBV DNA, Genotype/  Clinical S mutations Corresponding RT
age anti-HBe IU/lI IU/ml subgenotype/ status mutations
subtype
27 M, 44 -/+ 74 980,302  D7/ayw2 CHB S204R K212T
28 M, 47 -/+ 42 19,291  D/adw2 CHB S207R Y54H*, Q2158
42 M,29 -/+ 32 3,180 D/ayw2 CHB G44E, S204N -
50 F, 40 -/+ 19 4,050 D7/ayw2 CHB L42R Y54H*
59 M, 40 -/+ 29 2,680 D7/ayw2 CHB S143L2 -
70 F, 42 -/+ 17 2,720  D7/ayw2 CHB Y206C S189pP*
80 F 37 -/+ 14 3,590 D7/ayw2 CHB Y206C Y54H*, N76D*,
M129L*, S189P*
81 M,25 -/+ 15 5,628  D/ayw2 CHB T681 -
82 F 36 -/+ 13 33,000,000 D7/ayw2 CHB V224A -
8 M, 39 -/+ 32 10,968  D7/ayw2 CHB S207N Y54H*
8 F,35 -/+ 14 5,790  D/ayw2 CHB T45N N53K, Y54H*, 1187L*
88 M, 28 -/+ 54 42,000 D7/ayw2 CHB Y36R, C76Y, L2131 V44E, F221Y
91 M, 24 -/+ 41 3,000 D/ayw2 CHB S204R S213T, L91I*, L220I*
97 F, 36 -/+ 30 2,640  D7/ayw2 CHB L1758, 216STOP Y54H*
107 M, 37 -/+ 26 53,900 D7/ayw2 CHB Q51R, 111013, F212Y N118T
110 F,58 —/+ 42 4,000 D7/ayw2 CHB S207N Y54H*, A38E, S106A*
124 F, 44 —/+ 16 4,150  D/ayw2 CHB S193L, S207P Q215S, Lo1 I*
138 M, 39 —/+ 23 9,090 D7/ayw2 CHB S55C, §2071 Q215H
140 M, 33 -/+ 12 14,700  D7/ayw2 CHB P203R Lo1T*
144 F, 50 -/+ 13 4,890 D/ayw2 CHB N528 Y54H*, N76D*
145 M, 38 -/+ 14 4,800 D7/ayw2 CHB Y206C, S207R Y54H*, Q215P
147 F, 38 -/+ 23 4,100 D7/ayw2 CHB S207N L91T*, R120G*
151 F, 32 -/+ 17 2,620  D7/ayw2 CHB S143T%,1150V? F151T, Y158C
159 F, 42 -/+ 22 3,400 D/ayw2 CHB L175A, S210R, F219V H124N*, S219A,
F183C, F227C
165 M, 44 -/+ 27 245,000 D/ayw2 CHB T45P, §143T%, F170S, 1208T,  N53T, Y54H*, F151Y,
S193A N118D*, F201C
171 F,23 -/+ 24 4,200  D/ayw2 CHB L175V, S207N, F219V Y54H*, F183C, F227C
174 M, 38 -/+ 70 4,500 D7/ayw2 CHB S38T, T1891, V190A, V194A, F46Y, Q215H, S189P*
S207T
178 F, 44 -/+ 13 2,720  D7/ayw2 CHB 1208T N76D*, S189P*
179 F, 25 -/+ 24 19,400  D7/ayw2 CHB S204N -
185 F, 19 -/+ 18 4,960 D7/ayw2 CHB 193STOP, S204R, Y206C F201L, S213T
223 M, 26 -/+ 16 2,810 D/ayw2 CHB 216STOP -
227 F, 25 +/- 21 20,400  D/ayw2 CHB L222F A1948*, S230F
232 F,43 -/+ 18 4,300 D7/ayw2 CHB S207N -
234 F,48 -/+ 16 11,300  D/ayw2 CHB C138G*#, L1751, 216STOP L146W, F183Y
238 F,27 -/+ 31 9,060 D7/ayw2 CHB R169H?, 216STOP A97T*
240 F, 46 -/+ 21 21,440  D7/ayw2 CHB S207N -
245 M, 53 -/+ 28 8,000 D/ayw2 CHB S204N, S207N, 1218M, F219V  Y54H*, F227G
259 M, 19 -/+ 21 9,340  D7/ayw2 CHB S207N -
263 F,32 +/- 171 29,499  D7/ayw2 CHB S207R, V224A Q2158
269 M, 37 -/+ 14 2,719  D/ayw2 CHB L1751 F183Y
276 M, 20 +/- 80 11.107 D/ayw2 CHB F170S, S193A, L209W F201C
285 M, 26 —/+ 23 3,520 D2/ayw3 CHB T118V?, A128V HI26R, S135Y
298 F, 44 -/+ 19 6,190 D7/ayw2 CHB S207N -
303 F, 34 -/+ 10 6,130  D/ayw2 CHB F85C -
336 F, 31 +/- 137 2,780,000  D/ayw2 CHB S193A F201C
337 F, 26 -/+ 36 1,239,000  D7/ayw2 CHB R79H -
363 F, 26 +/- 42 170,000,000 D7/ayw2 CHB Y2258 -
369 M, 52 -/+ 55 2,200  A/adw2 CHB N40S, S$45P, A194V, 1213L I53T, Y221F, N248H*
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Table 2 (continued)

Patient Gender, HBeAg/ ALT, HBV DNA, Genotype/ Clinical S mutations Corresponding RT
age anti-HBe IU/lI IU/ml subgenotype/ status mutations
subtype
375 M, 32 +/- 62 11.107 D7/ayw2 CHB C76Y, S207R Q2158
379 F, 29 +/- 97 170,000,000  D/ayw2 CHB S143L% -
9,094 F, 40 +/- 24 110,000,000  —/ayw2 CHB deletion 110-117° deletion 119-126
87 F,71 -/+ 160 148,000  D7/ayw2 LC S210R A97T*, S219A
353 M, 41 +/- 1,200 39,500,000  D/ayw2 LC F83C, L91H, L104W?, Y134N?, Y54H*, V142E, F221Y
L2131
357 F,51 -/+ 145 170,000,000 D/ayw2 LC 1208T, S210R S219A
20,322 M, 45 -/+ 35 2,242 D/ayw2 LC Q54R, T1891 Y54H*
1,995 M, 41 +/- 79 13,607,924  D/ayw2 LC L88P, Y134N#, F170S V142E
2,660 F,45 -/+ 68 - D/ayw2 LC L49R, Y134F? T1891 N53D*
380 M, 63 -/+ 29 2,100  D/ayw2 LC 1208T, L2131 L91T* F221Y
381 M, 66 -/+ 33 3,310 D/ayw2 LC T45R N53K*, Y54D
377 M, 61 -/+ 27 2,890,000  D/ayw2 LC L49R, L77R, F80S, F83S, Y54H*, L209F, F221Y

W201S, L2131, 216STOP

ALT = Alanine aminotransferase; CH = chronic hepatitis; LC = liver cirrhosis; * = RT silent mutation in HBsAg.
* aa substitution in the MHR region.

12 4

E

MHR
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Fig. 2. Character variation of HBsAg and overlapping RT sequence
for the 99 clinical isolates. Frequency and distribution of aa substi-
tutions in the HBsAg (a) and overlapping RT sequence (b). The 99
clinical sequences were plotted in the same graph to identify poly-
morphic and conserved domains. The horizontal axis indicates the

42 Intervirology 2016;59:36-47
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aa position of encoded HBsAg protein (aa 33-226) and RT (42-
232). The MHR and ‘@’ determinant domain are represented for
HBsAg; A, B and C domains are represented for RT. The vertical
axis indicates the frequency of aa variation at each aa position.
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Table 3. Biochemical characterization of aa within the MHR and their clinical importance in wild-type and mutant variants

Position Wild-type  Mutant Affects serological Vaccine escape Failure in References
atthe MHR  aa aa diagnosis mutant HBIg therapy
104 Leu Trp - - - This study
110 Ile Leu Yes n.d. n.d. Katsoulidou et al. [64], 2009
118 Thr Val - - - This study
128 Ala Val Yes n.d. n.d. Katsoulidou et al. [64], 2009
134 Tyr Phe Yes Yes Yes Katsoulidou et al. [64], 2009
Tyr Asn Yes n.d. n.d. Avellon and Echevarria [30], 2006
138 Cys Gly - - - This study
143 Ser Thr Yes n.d. n.d. Katsoulidou et al. [64], 2009
Ser Leu yes Yes n.d. Avellon and Echevarria [30], 2006
150 Ile Val - - - This study
169 Arg His n.d. n.d. n.d. Pourkarim et al. [65], 2014

Basic aa are underlined, hydrophobic aa are in italics, and hydrophilic aa are in bold. n.d. = Not determined.

The biochemical characterizations of aa in wild types
and mutants in the MHR, along with their known func-
tional effects, are illustrated in table 3. The variants in-
volved in a failure of HBsAg detection were found in sam-
ples of 7 patients (7%, 7/99). The variants associated with
vaccine escape were detected in samples of 2 patients (2%,
2/99), whereas variants involved in immunotherapy es-
cape were detected in 1 patient (1%, 1/99).

No significant correlation was found between muta-
tions in the MHR and other clinical and virological char-
acteristics, including age (p = 0.7), sex (p = 0.8), alanine
aminotransferase level (p = 0.3), HBeAg status (p = 0.2),
cirrhosis (p =0.1), genotype (p = 1),and HBV DNA levels
(p =0.5) (data not shown).

aa Mutations Outside the MHR

This analysis revealed several aa substitutions outside
the MHR region. In total 100 (86.9%) of the 115 detected
S mutations occurred outside the MHR. Forty-nine iso-
lates displayed only mutation outside the MHR, whereas
7 had a combination of mutations outside and inside the
MHR, making the total number of patients with outside
MHR mutations 56 (56.5%). As a result of single base sub-
stitution, 41 different aa positions outside the MHR were
affected (fig. 2a), the most variable position was aa 207,
for which mutations were present in 16 out of 99 strains
(16.1%). Six stop codons were found upstream of the
MHR, 5 in position 216 and 1 at position 193 (results do
not correlate with either biochemistry or serology status
of the patients). No insertion or deletion was observed in
these regions.

HBs Antigen Mutants in Tunisia

Of the 115 aa substitutions in the S gene, 39 (33.9%)
produced aa changes in the polymerase gene (table 1). In
addition, 60 RT silent mutations in HBsAg were found;
none caused substitution on the S protein. No change was
observed in the YMDD motif. Substitution rtQ215S/P/H
corresponding to sS207R/P/I, discovered in 7 strains, was
the only provided antiviral resistance-associated muta-
tion detected. B and C domains of the RT present very
few polymorphisms, despite aa variability of overlapping
HBsAg frame (fig. 2b).

Discussion

Phylogenetic analysis showed the predominance of
genotype D in the Tunisian population which was de-
tected in 98% of cases. This result is in accordance with
previous studies showing a predominance of genotype D
in Tunisia [15, 16] and in the Mediterranean region [3].
Isolates from 41 of the 99 patients (41.4%) were success-
fully subgenotyped. Overall, 40 isolates belonged to sub-
genotypes D7 (40.4%) and 1 to subgenotype D2 (1%).
Subgenotype D7 was recently described and found preva-
lent in Tunisia and in Morocco [16, 20], suggesting to be
the most predominant in the Maghreb. This hypothesis is
reinforced by the results of our study. Interestingly, this
study was the first that describes the HBsAg subtype prev-
alence in Tunisia. Subtype ayw2 was the most predomi-
nant (95.9%), and the dominance of genotype D was as-
sociated with subtype ayw2, and few cases were associated
with ayw3 and adw2. This result is in agreement with oth-
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er studies which reported the predominance of subtype
ayw2 in Mediterranean countries [20, 21].

Analysis of the 99 HBV Tunisian patients revealed sev-
eral substitutions in the S region that codes aa 33-226.
The global prevalence of naturally occurring HBsAg vari-
ants was high (60.6%) and indicated that HBV circulating
in Tunisia could exhibit a significant proportion of S mu-
tations. Prevalence of S mutants from most geographical
regions is unknown; in fact, the majority of studies fo-
cused on variations in the MHR region.

The demographic and clinical characteristics of pa-
tients indicate a significant association between the oc-
currence of HBsAg variants and advancing age (235
years), irrespective of the clinical groups of patients or
HBV subgenotypes. Considering the mean age of the
study subjects (36 years), most of the patients were born
before the national HBV vaccination program for neo-
nates had started in 1995. Thus, it is hypothesized that
most of the subjects acquire their HBV infection in the
perinatal period or infancy and the duration of HBV in-
fection is assumed to approximate their age. This could
explain that older age is more associated with a longer
history of HBV infection, suggesting that most variants
emerge with long-term HBV disease duration host im-
mune selective pressure.

HBsAg mutations were correlated with genotype D.
This fact is explained not only by the domination of this
genotype in our study, but also by its established higher
variability. De Maddalena et al. [13] reported a signifi-
cantly higher intragenotypic distance in genotype D than
genotypes A and G, especially at the ‘a’ determinant.
Thus, it can be suggested that what is already known
about the higher affinity of genotype D for mutations in
the pre-C region can also be true for other regions [22,
23]. This hypothesis is reinforced by the results of our
study. Interestingly, HBsAg mutations were correlated
with subgenotype D7 in present data.

Naturally occurring MHR variants were 12.1%. Nu-
cleotide sequence variations in the MHR, the highly an-
tigenic segment of HBsAg, may have important clinical
features such as diagnostic problems and escape from
immune recognition [24]. Thus, the prevalence and types
of MHR variants are of interest. The up-to-date pub-
lished data for several countries show notable differenc-
es: from 14.8% in Argentina [25], 15% in Morocco [20],
17.2% in Iran [26], 24% in Japan [27], 27.2% in Turkey
[21],27.8% in France [28], 28% in Taiwan [29], up to 39%
of unselected chronic carriers in Spain [30], 46.5% in Ko-
rea [31], and 46.6% in China [32]. This variability of re-
sults about MHR substitution prevalence may be attrib-

44 Intervirology 2016;59:36-47
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uted to differences in the genetic factors [33, 34] and to
characteristics of populations studied. Indeed, it has been
suggested that age, advanced liver disease, HBeAg-nega-
tive status, and antiviral therapy influence the occur-
rence of MHR mutations [35-38]. Moreover, it is essen-
tial to note that 8% of patients had mutations in the ‘@’
determinant of the MHR. Higher mutation frequencies
of MHR variants (60%) were observed inside the ‘a’ de-
terminant, which confirm the finding of previous studies
(27, 39, 40].

Alarge number of MHR mutants that have been previ-
ously reported to be in association with failure of HBsAg
detection were detected in this study (table 3). Ser143Leu/
Thr was the most common MHR variation of the studied
population; this substitution is known to cause incongru-
ity in some diagnostic assays [41, 42]. Ser143Leu was also
detected in the follow-up plasma samples, suggesting that
it was a stable variant [21].

In the present study, variants associated with vaccine
and immunotherapy escape were found in 2 and 1% of
carriers, respectively. A potential problem of patients
with high viral load carrying MHR variations is the pos-
sibility of becoming the source of transmission, especial-
ly variants which could escape from vaccine-induced an-
tibodies [38, 43]. Thus, the great danger of vaccine escape
mutants is their emergence in the general population in-
cluding HBV-vaccinated individuals [44]. One of the
most frequent and well-documented vaccine escape mu-
tants is G145R [45, 46]; HBV isolates with G145R are
known to be transmitted despite vaccination against HBV
[47]. In our study, none of the patients displayed substitu-
tion G145A. However, the presence of other immune es-
cape mutants in our population should be considered in
the immunization program.

Mutation C138G associated with cysteine residues was
observed in 1 patient. To our knowledge, C138G has not
been previously reported. The loss of cysteine residues
was notable, because this could lead to a dramatic change
in the conformation of MHR and in its antigenicity [41,
48]. Interestingly, we reported a novel 24-nucleotide de-
letion which affected 8 aa of HBsAg fromaa 110toaa 117.
Since Yamamoto et al. [49] observed the first insertion in
the S gene, insertion/deletion in HBsAg had been report-
ed in various studies [50-53]. To the best of our knowl-
edge, the present study is the first reporting an MHR de-
letion which affected this number of codons. Insertion or
deletion in the MHR may cause the loss of conformation-
al epitope and modify antigenicity of HBsAg, render
HBsAg undetectable, or induce immune escape variants
to evade virus clearance [52, 54, 55].
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Our study showed that the MHR is the more conserved
region in the S gene, consistent with previous results
showing that most occurrences of S mutations were in the
region outside the MHR [22, 40].

In the present data, most of the aa substitutions (79.1%)
occurred in different immune epitopes of the S gene. This
finding was in agreement with the results of other studies,
especially in genotype D-infected patients [22, 56]. In our
study group, nearly half of the mutations (44.3%) oc-
curred in the CTL epitope, suggesting a narrowly focused
immune selection pressure at a hot spot position.

The role of S mutations in the outcome and persistence
of HBV infection remain unclear. Various studies report-
ed a tendency for a higher prevalence of S variants in pa-
tients at an advanced stage of liver disease [21, 57-59] and
suggest that active viral replication under host immune
pressure seems to cause the accumulation of S variations.
However, these findings may not be conclusive in this
study since the number of cirrhosis patients was small.
Some S mutation patterns have been found in association
with cirrhosis [60-62]. In the present data, 3 mutations
were detected in association with cirrhosis: one is the
Y134N mutation, inside the MHR, the others are L49R
and L2131 mutations, outside the MHR. These mutations
might play a pivotal role in the development of cirrhosis.

The polymerase gene was more conserved and not all
HBsAg variants were accompanied by substitutions in the
polymerase. RT domains appear constrained with only

substitutions corresponding to antiviral resistance. As re-
ported recently, HBV polymerase and surface proteins
may evolve independently despite the overlapping of
their genes [63].

In conclusion, a significant prevalence of naturally oc-
curring HBsAg variants was observed among Tunisian
chronic HBV carriers. Interestingly, some novel variants
and mutation patterns were detected. Most of these poly-
morphisms are not associated with disease immune selec-
tion but with disease duration, as we found a clear asso-
ciation with age. Interestingly, we have shown a correla-
tion with subgenotype D7. Based on these results, it can
be concluded that natural viral variability in a geographi-
cal region and duration of infection are among the major
factors associated with occurrence of S mutations. Con-
sidering that chronic carriers are the major reservoir of
HBYV infection, the selection of such variants in these pa-
tients could increase the problem of transmission of these
variants in the general population. Therefore, their role
in the natural course of HBV infection should be clarified,
and epidemiological monitoring of naturally occurring
HBsAg variants is essential, especially for immunothera-
py and vaccination efficacy.
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