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Summary Objectives: The aim of this study was to determine the prevalence of Hepatitis B
Virus (HBV) genotypes, subgenotypes, HBV surface antigen (HBsAg) subtypes and naturally oc-
curring mutations in Major Hydrophilic region (MHR) of HBsAg among Moroccan patients with
chronic HBV infection.
Methods: The study included 200 patients chronically infected with HBV. The HBV genotypes,
subgenotypes, HBsAg subtypes and MHR variants were determined by direct sequencing of the
HBV surface (S) gene and phylogenetic analysis.
Results: The S gene was successfully amplified in 134 patients. The mean age was 40.6 � 12.2
years. Genotype D was predominant (90%, 120/134) and genotype A was less frequent
(10%, 14/134). Genotype D strains belonged to subgenotypes D7 (70.8%, 85/120), D1 (25.8%,
31/120) and D2 (0.9%, 1/120). Three strains (2.5%) could not be classified in any subgenotype
of genotype D. All genotype A strains belonged to subgenotype A2. HBsAg subtypes found
were ayw2 (82.1%, 110/134), adw2 (10.4%, 14/134), ayw3 (3%, 4/134) and ayw4 (3%, 4/134).
The global prevalence of MHR variants was 15% (20/134) with substitution P120T/S the most
frequent (3.7%, 5/134). The occurrence of MHR variants was significantly associated with
advancing age (>40 years) (p Z 0.003) and independent of sex, HBeAg status, viral load,
genotype, subgenotype and HBsAg subtype.
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Conclusions: This study provides the first description of predominance of HBV subgenotype D7/
subtype ayw2 among Moroccan HBV chronic carriers. It also showed a significant prevalence of
naturally occurring MHR variants in Morocco.
ª 2011 The British Infection Association. Published by Elsevier Ltd. All rights reserved.
Introduction

Hepatitis B virus (HBV) infection is a major public health
problem. The World Health Organization (WHO) estimates
that about 350 million persons are chronically infected with
an increased risk of developing liver cirrhosis and hepato-
cellular carcinoma (HCC).1 Morocco is considered as a coun-
try with intermediate endemicity of chronic HBV infection.
To date, there are no published data describing the preva-
lence of HBV. However, some studies reported that the
prevalence of hepatitis B surface antigen (HBsAg) was
2.5% among blood donors and 1% among health care
workers.2,3

HBV, the prototype member of the Hepadnaviridae
family, is a circular, partially double-stranded DNA virus
with a genome of approximatively 3.2 kb in length,
containing four overlapping open reading frames (ORFs:
PreS/S, PreC/C, P and X).4 HBV has considerable genetic
variability related to high levels of virus production and ab-
sence of proofreading activity of the viral polymerase dur-
ing the reverse transcription step of the replication cycle.5

Initially, HBV isolates have been classified serologically into
nine HBsAg subtypes (ayw1, ayw2, ayw3, ayw4, ayr, adw2,
adw4q�, adrqþ, and adrq�) based on the antigenic deter-
minants of the HBsAg.6 With the improvement of molecular
biology techniques, HBV isolates has been classified into
eight genotypes designated A to H, and defined by an inter-
group divergence greater than 8% in the whole HBV genome
or greater than 4% in the surface gene.7 Recently, two new
genotypes, I and J were proposed.8,9 However, the designa-
tion of these additional genotypes has been questioned due
to complex recombinations.9,10 Except for genotypes E, G
and H, subgenotypes have been identified in all other geno-
types.11,12 HBV genotypes and subgenotypes have a distinct
geographical distribution and are associated with ethnicity.
There is no clear correlation between HBsAg subtypes and
HBV genotypes because several subtypes are found in
more than one genotype.13 Genotyping and HBsAg subtyp-
ing of HBV isolates are useful tools to understand the epide-
miology of HBV infection and accumulating evidence
suggests that HBV genotypes/subgenotypes influence the
clinical outcome of HBV infection, including the risk of
HCC.14 Strong data indicated that genotype C was associ-
ated with faster liver damage and higher risk of HCC com-
pared to genotype B.15,16 Genotype D has been reported
to be associated with severe liver disease compared to ge-
notype A in some studies,17,18 while the opposite was re-
ported by others, with genotypes A and F more associated
with HCC development than genotype D.19 The influence
of HBV genotypes on response to antiviral therapy has
been also studied. Genotypes A and B have been associated
with a better response to interferon-based therapies com-
pared to genotypes C and D.20

A further correlate of the high genetic variability of HBV is
the selection of point mutations in different viral genes
under pressure of host immunity or antiviral treatment.
HBsAg, themajor envelopeprotein of HBV is composed of 226
amino acids (aa) and contains a central region called the
Major Hydrophilic Region (MHR) from aa 100 to 169.21 This re-
gion is highly immunogenic and is potentially under selective
pressure of the immune system. Interestingly, the MHR con-
tains a cluster of neutralizing B cell epitopes located be-
tween aa 124 and 147 and called “a” determinant.21

Mutations within MHR have been involved in important med-
ical and public health issues, such as vaccine escape, immu-
notherapy escape and lack of detection by commercials
kits.22 Such mutations might also arise naturally in chronic
HBV carriers and were reported to be associated with viral
persistence and severity of liver disease.23,25

In Morocco, little is known about the molecular charac-
teristics of HBV strains. To date, two reports have been
published and reported the predominance of genotype D/
subgenotype D2.26,27 In addition, in our previous study, phy-
logenetic analysis suggested that Moroccan HBV strains
evolved on the Western margins of the genotype D distribu-
tion producing isolates subtly different from other D strains
(D1eD4).27 The aims of the present study were to deter-
mine (i) the distribution of HBV genotypes, subgenotypes
and HBsAg subtypes in a significant number of Moroccan
HBV chronic carriers and (ii) the prevalence and clinical sig-
nificance of naturally occurring mutations in the MHR of
HBsAg.

Materials and methods

Patients

The study population included 200 HBV chronic carriers
(132 men and 68 women; age, 14e80 years) who were
addressed to the Medical Center of Biology at the Pasteur
Institute of Morocco and Ibn Sina hospital Rabat, during the
period from November 2008 until May 2010 and defined by
the persistence over > 6 months of HBsAg. Patients
originated from several regions of Morocco. All patients
were negative for antibodies to hepatitis C virus (HCV),
Hepatitis D virus (HDV) and human immunodeficiency virus
(HIV). None of the patients were vaccinated for HBV or had
received antiviral or immunoglobulin therapy. Blood and
serum samples from all patients were collected at the time
and stored at �20 �C until analysis. Informed consent was
obtained from the patients.

Serological assays

All patients were tested for serological markers of HBV
(HBsAg, anti-HBs, anti-HBc total, HBeAg, anti-HBe) and HCV
(anti-HCV) using commercially, microparticle enzyme im-
munoassay kits (AxSYM, Abbott Laboratories), according to
the manufacturers’ instructions. Liver function tests in-
cluding, alanine aminotransferase (ALT) and aspartate
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aminotransferase (AST) were measured using commercially
available autoanalyzers. The upper limit of normal (ULN) of
ALT and AST was 40 IU/L and 31 IU/L, respectively.

HBV DNA quantitative assay

Serum HBV DNA was quantified by a fully automatic system
(COBAS AmpliPrep/COBAS TaqMan, Roche Diagnostics) for
HBV DNA extraction and real-time PCR quantification. The
detection limit was 12 UI/mL.

Extraction of HBV DNA, amplification and direct
sequencing of surface gene

HBV DNA was extracted from 200 ml of blood or serum
sample by using QIAamp DNA Blood Mini kit (Qiagen),
according to the manufacturer’s instructions and eluted in
200 ml of sterile water. The HBV surface (S) gene was ampli-
fied by a nested PCR, using the outer primers HBV POL1 (nt
54 to 75; 50-TTCCTGCTGGTGGCTCCAGTTC-30) and POR4 (nt
826 to 810; 50-TACCCAAAGACAAAAGAAAATTTC-30)28 for the
first round and inner primers HBV123s (nt 123 to 141; 50-
TCGAGGATTGGGGACCCTG-30) and HBV778r (nt 778 to 758;
50-GAGGTATAAAGGGACTCAAG-30) for the second round.
The first-round PCR was performed for 40 cycles (95 �C
for 20 s, 56 �C for 20 s and 72 �C for 2 min) and a final ex-
tension step at 72 �C for 4 min in a 25 ml reaction volume
containing 50 ng of extracted DNA, 1X PCR buffer, 200 mM
of each dNTPs, 1.5 mM MgCl2, 25 pmol/ml of each outer
primer and 1U Taq DNA polymerase (Invitrogen, France).
One microlitre of the first-round PCR product was then sub-
jected for the second-round PCR under the same conditions
but with the inner primers. Appropriate negative and posi-
tive controls were included in each assay. After the second
round, a 650 bp fragment was obtained and detected by
electrophoresis in a 2% agarose gel. Positive PCR products
were purified using the Exonuclease I/Shrimp Alkaline Phos-
phatase (GE Healthcare) and bidirectionally sequenced
with inner primers, using BigDye Terminator version 3.1
kits and an ABI PRISM 3130 DNA automated sequencer (Ap-
plied Biosystems, Foster City, CA, USA).

Sequence and phylogenetic analysis

Sequence analysis was performed with SeqScape� v2.5 soft-
ware (Applied Biosystems). The HBV genotypes and subgeno-
types were determined on the basis of phylogenetic
relationship taking the first 600 nucleotides of the S gene
with representative reference sequences from of all known
HBV genotypes and different subgenotypes of genotype A
(A1eA6) and genotype D (D1eD8). The sequences were
aligned using the Clustal X V2.0 software.29 Genetic distance
was estimated using the Kimura two-parameter model and
phylogenetic treewas constructed using theNeighbour-Join-
ing (NJ) algorithm in the MEGA4 software.30 The reliability of
phylogenetic treewas tested by bootstrap analysis with 1000
replicates. The genome of theWoolly monkey HBV (GenBank
accession number AF046996) was utilized as an out-group.

The S gene sequences generated in this work have been
deposited in the GenBank database under accession
numbers JF271686 to JF271746.
Prediction of HBsAg subtypes and analysis of S gene

The nucleotide sequences were translated into amino
acid sequences according to the ORF of the S gene and
the HBsAg subtype was predicted from the amino acids
at positions 122, 127, 134, 159, and 160.7,13,22 For iden-
tifying HBsAg variants, deduced amino acid sequences
were aligned and compared with the consensus amino
acid sequence of similar genotype in BioEdit software.31

The corresponding substitutions in the polymerase were
determined by translation of the sequences according
to the polymerase ORF. To determine the consensus se-
quences, 180 HBV references sequences obtained from
HBsAg carriers and belonging to different subgenotypes
of genotypes A (A1 to A6) and D (D1 to D7) were im-
ported from GenBank database, aligned with Clustal X
V2.0 software and edited with BioEdit software. Gen-
Bank accession numbers of the HBV reference sequences
used in the analysis are reported in the supplementary
material.
Statistical analysis

Results were expressed as means � standard deviation
or percentage. One-way analysis of variance was con-
ducted to compare mean quantitative values and the
c2 or Fischer’s exact test for categorical variables. All
p-values were two sided, and the difference was con-
sidered statistically significant for p < 0.05. All the sta-
tistical analyses were performed using Statistical
Package for Social Sciences (SPSS) program (SPSS Inc.,
Chicago, IL, USA).
Results

Characteristics of patients

Two hundred patients with chronic HBV infection (HBsAg
positive and anti-HBc IgG-positive) were studied. 66% were
men and 34% were women. The mean age was 43 � 12
years. HBV DNA of the S gene was successfully amplified
from samples of 134 patients out of 200 patients analyzed
(67%). The mean age of the 134 patients was 40.6 years
(range, 14e80 years). 66.4% were men and 33.6% were
women. The clinical characteristics of these patients are
presented in Table 1.
Identification of HBV genotypes and subgenotypes

Phylogenetic analysis revealed that two HBV genotypes were
circulating in Moroccan population with high bootstrap
values: genotype D was predominant, accounting for 90%
(120/134) and genotype A for 10% (14/134). All genotype A
strains belonged to subgenotype A2. Among the genotype D
strains, the majority (85/120, 70.8%) belonged to subgeno-
type D7, 25.8% (31/120) to subgenotype D1, and one isolate
(1/120, 0.9%) to subgenotype D2. Three strains clustered as
sister group to the D4/D7 clade and could not be assigned to
any described subgenotype (2.5%) (Fig. 1).



Table 1 Baseline characteristics of patients.

Data Patients (n Z 134)

Age (years)a 40.6 � 12.2
Sex ratio (Male/
Female)

89/45

HBeAg positiveb 8 (6%)
anti-HBe positiveb 126 (94%)
HBV DNA (IU/mL)c 5460 (108-108 UI/mL)
ALT (IU/L)d,a 59.12 � 7.18
AST (IU/L)e,a 48.06 � 6.88
Clinical status
ICb 80 (59.7%)
CHBb 34 (25.4%)
LCb 12 (9%)
HCCb 8 (6%)

ALT, alanine aminotransferase; AST, aspartate aminotransfer-
ase; IC, inactive HBsAg carrier; CHB, chronic hepatitis B; LC,
liver cirrhosis; HCC, hepatocellular carcinoma.
a Mean � SD.
b n (%).
c Median (range).
d Normal values � 40 IU/L.
e Normal values � 31 IU/L.

Figure 1 A phylogenetic tree constructed using the neighbour-
joining (NJ) method, based on the first 600 nucleotides of S gene
of HBV Moroccan isolates and the corresponding region of refer-
ence sequences retrieved from the GenBank database. Se-
quences from Morocco are marked by (:). Moroccan sequences
with unknown subgenotype are marked by (-). References se-
quencesare identifiedbyaccessionnumberandcountryoforigin.
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Prediction of HBsAg subtypes and association with
HBV genotypes

The majority of Moroccan HBV strains belonged to HBsAg
subtype ayw2 (110/134, 82.1%) based on Arg122, Lys160,
Pro127, Tyr134 and/or Gly159. 14 strains (10.4%) specified
adw2, based on Lys 122, Lys160, Pro127, Phe134 and
Ala159. Four strains belonged to ayw3 (3%), based on
Arg122, Lys160 and Thr127 and four strains belonged to
ayw4 (3%), based on Arg122, Lys160 and Ile127. In two
ayw isolates (1.5%), the “w” sub-determinant could not
be defined because of atypical substitution at Ser127. All
strains coding for ayw2 belonged to subgenotypes D1, D7
and the three genotype D strains of unknown subgenotype,
ayw3 was found in three strains of subgenotype D7 and the
single strain of subgenotype D2, whereas all strains coding
for ayw4 belonged to subgenotype D7. All strains coding
for adw2 belonged to subgenotype A2.

Naturally occurring mutations in the major
hydrophilic region of HBsAg

The comparison with consensus HBV sequence for the same
genotype showed that twenty of 134 patients (15%) had
amino acid substitutions in the MHR and eleven (8.2%) had
amino acid substitution in the “a” determinant. Of these 20
patients, 13 had a single mutation (65%), whereas, seven
(35%) had a combination of 2e8 mutations, making a total
of 41 mutations (Fig. 2). 21 of the 41 mutations (51%) were
located within the “a” determinant, 66.7% (14/21) in the
first loop (positions 124e137) and 33.3% (7/21) in the sec-
ond loop (positions 139e147). The most frequent variation
was at position 120 with a rate of 3.7% (5/134), including
P120S detected in one patient with HCC and P120T de-
tected in four patients with chronic hepatitis B (Table 2).
All MHR variants identified in our study have been
previously described (Table 2). MHR variants with known
functional effects are shown in Table 3. The variants



Figure 2 Frequency and distribution of amino acid substitutions in the MHR of HBsAg in 20 HBV carriers. A consensus amino acid
sequence was built for genotype A and D by using 180 references sequences imported from GenBank database. The number of ref-
erence sequences for each HBV genotype/subgenotype was as follows: genotype A (n Z 75) [A1 (n Z 20), A2 (n Z 30), A3 (n Z 8),
A4 (n Z 3), A5 (n Z 11), A6 (n Z 3)]; genotype D (n Z 105) [D1 (n Z 20), D2 (n Z 20), D3 (n Z 15), D4 (n Z 8), D5 (n Z 3), D6
(n Z 9), D7 (n Z 30)]. Subgenotype/HBsAg subtype-related amino acid substitution: the amino acid substitution was associated
with the subgenotype or HBsAg subtype and not regarded as MHR mutation.

70 B. Kitab et al.
involved in failure of HBsAg detection were found in sam-
ples of 13 patients (9.7%, 13/134). The variants involved
in immunotherapy escape were detected in samples of
eight patients (6%, 8/134) whereas variants associated
with vaccine escape were detected in samples of five pa-
tients (3.7%, 5/134). The amino acid substitution G145A,
which is associated with vaccine escape, was identified
in one isolate (0.7%, 1/134).
The comparison of clinical and virological characteristics
between patients with and without MHR variants revealed
that advancing age (>40 years) was significantly associated
with occurrence of MHR variants (p Z 0.003), whereas,
there was no significant association between mutations in
the MHR and other clinical factors, including sex
(p Z 0.33), HBeAg status (p Z 0.220), genotype
(p Z 0.708), subgenotype (p Z 0.448), HBsAg subtype



Table 2 Clinical and virological characteristics of the 20 patients with amino acid substitutions in the MHR of HBsAg.

Patient N� Sex Age (year) ALT HBeAg/Anti-HBe HBV DNA (UI/mL) Genotype/subtype Clinical Status MHR m tion Polymerase mutation

1 M 61 ND �/þ 48,571 D7/ayw2 HCC F158L e

2 F 60 1.5XULN �/þ 4,75,000 D1/ayw2 HCC P120S rtT128I
3 F 65 5XULN �/þ 8700 D/ayw2 CHB S114P, 20T rtF122S, rtT128N
4 F 33 1XULN �/þ 107 D7/ayw2 LC D144A e

5 M 23 1XULN �/þ 9591 D1/ayw2 CHB A128V, 30S, T131I rtR138K, rtN139H
6 M 61 1XULN �/þ 786 D7/ayw2 IC S143L e

7 M 48 1XULN �/þ 1680 D1/ayw2 IC Q101H, 28V,Q129H,
G130A, 34S

rtR138S, rtV142E

8 M 51 1.5XULN �/þ 73,000 D7/ayw2 CHB Y134S e

9 F 50 1XULN �/þ 6270 D7ayw2 CHB Q101H e

10 M 45 1XULN �/þ 526 D/ayw2 IC S114A, 15N, T116S,
T118R, 20T, K141R S143L,
G145A

rtF122C, rtN123K, rtH124L,
rtH126Q, rtT128N

11 M 55 1XULN �/þ 145 D7/ayw2 IC Y134H rtV142A
12 M 51 1.5XULN �/þ 1,28,4737 D7/ayw2 CHB E164G e

13 F 49 3XN �/þ 108 D7/ayw2 CHB P120T rtT128N
14 M 27 1XN �/þ 1030 D2/ayw3 IC Q101H, 44E e

15 F 39 1XULN �/þ 529 D7/ayw4 IC S113P rtI121T
16 M 38 ND �/þ ND D1/ayw2 ND P120T rtT128N
17 F 52 1XULN �/þ 207 D1/ayw2 IC P151L e

18 F 25 2XN �/þ 2,34,977 A2/adw2 CHB I110L, 3M rtN118T
19 M 37 3XULN �/þ 107 A2/adw2 CHB G130N rtR138K
20 F 38 1XULN �/þ 993 A2/adw2 IC Y100C, 09Q, T126A,

M133T, 34L, P135H
rtD134G, rtV142T

IC, inactive HBsAg carrier; CHB, chronic hepatitis B; LC, liver cirrhosis; HCC, hepatocellular carcinoma; ND, Not done; ULN, uppe mit of normal; rt, reverse transcriptase.
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Table 3 Amino acid substitutions in the MHR of HBsAg with known functional effects according to Avellon and Echevarria.23

Substitution
in MHR

Isolate Description

Vaccine escape Immunotherapy escape Failure of HBsAg detection

T116S JF271712-D � � þ
T118R JF271712-D � þ �
P120S JF271716-D1 þ � þ
P120T JF271712-D � þ þ

JF271726-D7
JF271738-D1
JF271695-D

T126A JF271702-A2 þ þ �
Q129H JF271707-D1 þ þ �
T131I JF271698-D1 � � þ
M133T JF271702-A2 � � þ
F134L JF271702-A2 � � þ
S143L JF271712-D � � þ

JF271699-D7
D144A JF271692-D7 þ þ þ
D144E JF271727-D2 � � þ
G145A JF271712-D þ � �
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(p Z 0.418) and HBV DNA levels (p Z 1.00) (Data not
shown).

Analysis of overlapping polymerase region

As the S gene overlaps completely with the polymerase (P)
gene, the deduced amino acid sequence of the correspond-
ing fragment of the polymerase was analyzed. This frag-
ment represents an important part of the reverse
transcriptase (rt) including the catalytic domains B and C
which contains the motif YMDD, essential for reverse
transcriptase activity. Of the 41 amino acid substitutions
in the MHR, only twenty produced amino acid changes in
the polymerase (Table 2). All of these changes clustered
outside the B and C domains. rtT128N, corresponding to
substitution sP120T in the surface gene, was the most fre-
quent. No change was observed in the YMDD motif of the re-
verse transcriptase and no mutation that may provide
antiviral resistance was detected.

Discussion

HBV has a wide genetic diversity with several genotypes,
subgenotypes and HBsAg subtypes. Throughout the world,
HBV genotypes/subgenotypes have a distinct geographical
distribution associated with the distribution of human
populations among the different continents and may reflect
the patterns of humanmigrations.7,32 Therefore, it has been
successfully used to correlate the humanmigrations with ep-
idemiology and introduction of new HBV strains in a given re-
gion. Morocco occupies a geographical area where there are
significant population movements, especially with several
European countries. Therefore, the determination of HBV
genetic diversity amongMoroccan chronic carriers is of inter-
est. In the present study, phylogenetic analysis showed pres-
ence of HBV genotypes A and D in Moroccan population, with
genotype D being predominant (D: 90% vs A: 10%). These re-
sults are in accordance with previous studies that show that
genotype D is themost predominant in Morocco27 and in Med-
iterranean countries.7 Most of genotypeD strains belonged to
subgenotype D7 (70.8%), followed by subgenotype D1
(25.8%), and subgenotype D2 (0.9%). This is the first study de-
scribing the presence and the predominance of subgenotype
D7 and subgenotype D1 in Moroccan HBV carriers. Subgeno-
type D7 was recently described and found prevalent in Tuni-
sia by Meldal et al33 that suggest that this subgenotype was
the most predominant in the Maghreb. This hypothesis is re-
inforced by the results of our study. Subgenotype D7 has also
been reported in Somalia,7Madagascar,34 Central AfricanRe-
public35 and Ireland.36 The subgenotype D1 is second most
dominant in our population. This was in accordance with
others studies reporting subgenotype D1 prevalent in Medi-
terranean area.7,33 Subgenotype D2 is rare and found only
in one strain. This resultwas in contrastwith those previously
obtained by Ezzikouri et al.,27 which reported the predomi-
nance of subgenotype D2 in Moroccan population. In that
study, the determination of HBV subgenotypewas performed
by Restriction Fragment Length Polymorphism (RFLP) analy-
sis after the amplification of the Pre-S region of HBV genome,
while in our study, the analysis is more precise because it is
based on direct sequencing of the surface gene of HBV and
phylogenetic analysis. On the other hand, subgenotype D2
is most prevalent in East Europe including Russia and the Bal-
tic States.37

All genotype A strains from Morocco belonged to sub-
genotype A2. This subgenotype is prevalent in Europe and
North America7 and its presence in Moroccan population
suggest the important role of movement of population
from Europe to Morocco in introducing this HBV strain in Mo-
rocco. Interestingly, our study was the first to describe the
HBsAg subtypes prevalent in Morocco. Subtype ayw2 was
the most predominant (82.1%) and found in all strains be-
longed to subgenotype D1 and most of strains belonged to
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subgenotype D7. This result is in agreement with others
studies which reported the predominance of subtype
ayw2 in Mediterranean countries.7,24 Subtypes ayw3 and
ayw4 were found at low prevalence (3% in both). In general,
strains specifying ayw2 and ayw3 are only found in geno-
type D, while strains specifying ayw4 occur in genotype E
and rarely in genotype D.7 All strains of subgenotype A2
specifying adw2. This result is consistent with previous
data reporting the relationship between subtype adw2
and genotype A, although strains encoding adw2 can be
found in genotypes B, C and G.7

Understanding the prevalence and types of HBsAg variants
is of high importance, because thiswill affect policy decisions
relating to vaccine and diagnostic reagents design especially
in endemic populations.38 Avellon and Echevarria indicated
that the prevalence of such variants among random chronic
carriers could be as high as 6e12%.22 In addition, De Madda-
lena et al39 found that genotype D strains carry more muta-
tions in the “a” determinant of HBsAg with potential escape
mutants innon-vaccinated subjects.Therefore, they indicate
the need for careful surveillance of these variants in areas in
which genotype D predominates. Morocco has an intermedi-
ateprevalence ofHBsAg carriagewith predominance of geno-
type D. However, the epidemiological situation of HBsAg
variants is unknown. In the present study, we focused on var-
iations in theMajor Hydrophilic Region (MHR), the highly anti-
genic segment of HBsAg. The results show a significant
prevalence of naturallyMHRvariants (15%) among the studied
population. Comparable prevalences was also reported in
others areas of the world, 14.8% in Argentina40 and 17.2% in
Iran.41 However, direct sequencing of the PCR products can-
not reveal a variant present in the sample as a minor popula-
tion, and the true prevalence of MHR variants may be higher.

Moreover, it is essential to note that 8.2% of the patients
analyzed had mutations in the “a” determinant which spans
amino acids 124e147 of the MHR. The majority of the “a”
determinant mutations (66.7%) was located in the first
loop, whereas, only 33.3% were located in the second loop.
According to Ogura et al,42 mutations within the “a” deter-
minant during the natural course of infection are predomi-
nantly observed in the first loop whereas those induced
under immune pressure due to active and/or passive immu-
nization are more frequently observed within the second
loop. P120T/S was the most frequent substitution with
a rate of 3.7%. It was also seen most frequently among Ira-
nian and Serbian HBV chronic carriers.43,44

A large number of MHR mutants have been reported to
be in association with failure of HBsAg detection, vaccine
and immunotherapy escape. In our population, variants
known to be involved in diagnostic failures were found in
9.7% of carriers although none of the samples had failed to
be detected by the routine commercial kit utilized. In
addition, variants associated with immunotherapy and
vaccine escape were found in 6% and 3.7% of carriers,
respectively. Interestingly, the most common substitution,
P120T/S, has been described to be the most important
mutant outside the “a” determinant that may cause di-
agnostic failures and also vaccine and immunotherapy
escape. The natural occurrence of such variants in not
previously vaccinated and treated patients is possible as
reported by several studies.23,40 However, the great danger
of vaccine escape mutants is their emergence in the
general population including HBV vaccinated individuals.
The most frequent and well-documented vaccine escape
mutation is a substitution of glycine to arginine at amino
acid position 145 of HBsAg (G145R). HBV isolates with
G145R are known to be transmitted despite vaccination
against HBV.45,46 In our study, one patient displayed substi-
tution G145A, which has also reported as a vaccine-escape
mutation. The overall prevalence of this mutation is 0.7%.
This frequency was less than the frequencies reported in
Spain and Serbia, 1.5% and 1.8%, respectively.23,44 How-
ever, the presence of immune-escape mutants in our popu-
lation should be considered in the immunization program.

The role of MHR mutations in the outcome and persis-
tence of HBV infection remain unclear. Two studies has
been reported a tendency for a higher prevalence of MHR
variants in patients at advancing stage of liver disease.25,47

In our study, the comparison of clinical characteristics be-
tween patients with and without MHR variants indicates
a significant association between the occurrence of MHR
variants and advancing age of the patients (>40 years).
This result was consistent with that obtained by others
studies44,47 and could be explained by the fact that older
age is more associated with longer history of HBV infection,
correlated also with the predominance of HBeAg-negative
form of chronic hepatitis B in our population.

Because the surface gene overlaps completely with that
of the viral polymerase, mutations within the former could
affect the latter. Therefore, we analyzed the effect of MHR
variants detected in our samples on the corresponding
fragment of HBV polymerase. We observed that the poly-
merase is more conserved and not all variants MHR were
accompanied by amino acid substitutions in the polymer-
ase. As reported recently, HBV polymerase and surface
proteins may evolve independently despite the overlapping
of the S and P genes. For allowing this independent
evolution, HBV employ a mechanism by which an adaptive
non-synonymous nucleotide substitution in the first position
of a P codon is likely to remain synonymous in S, whereas an
adaptive non-synonymous nucleotide substitution in the
second position of an S codon is likely to remain synony-
mous in P.48 The most frequent mutation was rtT128N, in-
duced by substitution P120T in the S gene. This mutation
was found to partially restore the in vitro replicative capac-
ity of Lamivudine-resistant HBV.49

In conclusion, our results revealed the predominance of
HBV genotype D, subgenotype D7 and ayw2 HBsAg subtype
among Moroccan chronic HBV carriers. In addition, a signifi-
cant prevalence of naturally occurring MHR variants was de-
tected. Considering that chronic carriers are the major
reservoir of HBV infection, the selection such variants natu-
rally in these patients could increase theproblemof transmis-
sion of these variants in the general population. Therefore,
epidemiological monitoring of naturally occurring MHR vari-
ants is essential, especially for immunotherapy and vaccina-
tion efficacy. Their role in the natural course of HBV
infection shouldalsobeclarifiedby further functional studies.
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Appendix. Supplementary material

Supplementary data associated with this article can be
found, in the online version, at doi:10.1016/j.jinf.2011.05.
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