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Abstract

Background: Hepatitis B virus (HBV) infection is a major global health burden with distinct geographic public health
significance. Oman is a country with intermediate HBV carrier prevalence; however, little is known about the incidence of
HBV variants in circulation. We investigated the HBV genotype distribution, the occurrence of antiviral resistance, and HBV
surface antigen (HBsAg) escape mutations in HBsAg-positive patients in Oman.

Methods: Serum samples were collected from 179 chronically HBV-infected patients enrolled in various gastroenterology
clinics in Oman. HBV genotypes were determined by sequencing and phylogenetic analysis. Mutations in the HBV
polymerase and the HBsAg gene were characterized by mutational analysis.

Results: HBV genotypes D (130/170; 76.47%) and A (32/170; 18.28%) are predominant in Oman. The HBV genotypes C and E
were less frequent (each 1.18%), while the HBV genotypes B, G, F, and H were not detected. Four patients revealed HBV
genotype mixtures (HBV-A/D and D/C). The analyses of vaccine escape mutations yield that 148/170 (87.06%) HBV
sequences were wild type. 22/170 (12.94%) HBV sequences showed mutations in the ‘‘a’’ determinant of the HBsAg domain.
Two patients showed the described HBV vaccine escape mutation sP120T. 8/146 (5.48%) HBV isolates harbored mutations in
the HBV polymerase known to confer resistance against antiviral therapy. Especially the lamivudine resistance mutations
rtL180M/rtM204V and rtM204I were detected.

Conclusion: This study shows the distribution of HBV genotypes, therapy resistance, and vaccine escape mutations in HBV-
infected patients in Oman. Our findings will have a major impact on therapy management and diagnostics of chronic HBV
infections in Oman to control HBV infection in this intermediate HBV-endemic country.
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Introduction

Despite the introduction of a safe and effective vaccine against

hepatitis B virus (HBV) in 1982, hepatitis B remains a global

public health burden resulting in more than 600,000 deaths

worldwide per year [1]. Clinical manifestations of HBV infection

range from inapparent infection to fulminant hepatic failure.

Chronic infection develops in approximately 5% of immunocom-

petent HBV-infected adults, but up to 100% of infected newborns

may become HBV carriers. The long-term consequences of

chronic HBV infection include liver cirrhosis and hepatocellular

carcinoma (HCC). These life-threatening liver disease complica-

tions can affect 15%–40% of HBV carriers who acquired the virus

early in life [2,3].

Eight HBV genotypes (A–H) have been described based on

nucleotide divergence over the entire genome sequence of more

than 8% [4,5]. HBV genotypes have distinct geographic

distribution, with genotype A found predominantly in Northwest

Europe, North America, and Central and sub-Saharan Africa;

genotypes B and C in Southeast Asia, China, and Japan; genotype

D in the Mediterranean, the Middle and Far East, and India;

genotype E in Africa; genotype F in Native Americans, Polynesia,

and Central and South America; genotype G in the United States

and France; and genotype H in Central America [5–7]. Africa is

one of the highly endemic regions for HBV, with five HBV

genotypes (A–E) predominating [8]. HBV genotypes show not

only distinct geographic distribution but even within regions prove

to be an invaluable tool in tracing the molecular evolution,

patterns, and mode of spread of HBV [9]. The natural history of

chronic hepatitis B (CHB) differs between HBV genotypes with

regard to progression to liver fibrosis and development of HCC

[10–14]. In addition, HBV genotypes differ in their response to
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antiviral treatment, e.g. susceptibility to interferon-alpha is greater

in HBV genotype A-infected patients than in those infected with

genotypes D, B, and C [15]. In contrast, the response to treatment

with nucleoside/nucleotide analogues is rather independent of

HBV genotypes [16,17] and can possibly influence vaccination

efficacy against HBV [18].

Oman is a country with an intermediate prevalence of HBV

carriers (2.8–7.1%) [19,20]. According to a retrospective study

conducted in 2010 using serum samples collected for the World

Health Survey, it was observed that the prevalence of HBV

infection in the Omani population over all age groups was 5.8%

(unpublished data). In 1990, Oman implemented vaccination of all

newborns according to the WHO recommendation [1]. The

impact on vaccination efficacy and coverage was evaluated in

2005 in a nationwide survey, showing that 15 years after

introduction of HBV vaccination of newborns the prevalence of

CHB in children dropped from 2.3% in 1990 to 0.5% in 2005

[21].

Little is known about HBV genetic diversity including genotype

distribution, the prevalence of antiviral resistance, and surface

antigen vaccine escape mutations in circulation in Oman.

Therefore, we determined the prevalence of HBV genotypes

among individuals who have been tested positive for HBsAg.

Furthermore, we explored the prevalence of ‘‘a’’ determinant

vaccine escape mutants and antiviral treatment resistance muta-

tions.

Materials and Methods

Study Subjects
One hundred seventy-nine chronically HBV-infected patients

were included in this study. All HBsAg-positive patients were out-

patients and were enrolled at three tertiary hospitals, the Royal

Hospital, Khoula Hospital, and Armed Forces Hospital in Muscat

and additionally at eleven regional hospitals (Sohar H., Suweiq H.,

Rustaq H. [all in Batinah]; Buraimi H. [Buraimi]; Nizwa H., [Al

Dhakhliya]; Ibri H. [Dhahira]; Salalah H. [Dhofar]; Khasab H.

[Musandam]; Ibra H., Sur H. [both in Sharqiya]; and Haima H.

[Wosta]) to represent the whole Sultanate of Oman. Since the

patient samples of this study were obtained from out-patients, no

information on treatment history was available. All patients were

confirmed positive for HBsAg and negative for anti-HCV and

anti-HDV. Serum samples were collected from the HBsAg-

positive patients and stored at 280uC until use.

Ethical Approval
The study was approved by the ethical committee of the

Ministry of Health, Oman. Informed written consent was given by

all participants.

Serological Markers
Serological markers for HBV profiles for HBV antigens

(HBsAg, HBeAg) and antibodies (anti-HBc IgM, anti-HBc IgG,

and anti-HBe) were determined using commercially available one-

step enzyme immunoassay kits (Monolisa, Bio-Rad, Hercules, CA,

USA), Anti-HCV was determined using Murex version 4.0

(Abbott Laboratories, Abbott Park, IL, USA) and anti-HDV

IgG/IgM using ELISA assays (DRG International, Springfield,

NJ, USA). All serological approaches were carried out following

the manufacturers’ instructions.

Nucleic Acid Extraction
Nucleic acid was extracted from 200 ml of patient sera using the

QIAamp DNA extraction kit (Qiagen, Hilden, Germany) follow-

ing the manufacturer’s instructions, subsequently diluted in 10 ml

aliquots and stored at 280uC until use.

Detection of HBV Genomes
The presence of HBV genomes was determined using HBV-

specific nested PCR as described previously [22] with minor

modifications. HBV primer sequences are described in Table 1. In

brief, the first PCR was performed using sense primer HBV-022

and antisense primers HBV-065 and HBV-066. The nested PCR

was carried out using primer HBV-024 and antisense primers

HBV-041 and HBV-064 which amplified a 332 bp fragment

spanning from nt455 to nt786 (numbering according GenBank

accession number HM011485). PCR was performed with 5 ml of

isolated nucleic acid, 200 nM of each primer and the HotStarTaq

Master Mix Kit (Qiagen, Hilden, Germany). Thermal cycling

parameters were initial denaturation at 94uC for 15 min, followed

by 35 cycles of 30 sec at 94uC denaturation, 30 sec at 52uC
annealing, and 45 sec at 72uC extension, followed by a final

extension of 5 min at 72uC. Cycling parameters for the second

PCR remained the same as in the first one except that the number

of cycles was increased to 40. PCR products were analyzed on

1.5% tris-borate-EDTA (TBE) agarose gels. Serum HBV DNA

from a patient with a high HBV titer diluted into 1.000 copies/5 ml

as positive control (generous gift from Prof. Wedemeyer,

Hannover Medical School, Hannover, Germany) and an HBV-

negative control were included in any run. The nested PCR was

evaluated with HBV QCMD panels HBVDNA11A and

HBVGT11 for HBV detection and genotyping, respectively

(Quality Control for Molecular Diagnostics, www.qcmd.org).

Each sample was tested at least in duplicate. Sample processing

(DNA/RNA extraction, template preparation, and master-mix

preparation) and PCR were done in separate laboratory rooms

which are all certified for molecular diagnostics using standard

precautions to prevent assay contamination.

Identification of HBV Genotypes and Genotype Mixtures
HBV genotypes were determined by direct sequencing of HBV-

specific amplicons of the HBV S gene obtained by the HBV

detection PCR. Nested PCR products were purified using the Exo

SAP-IT kit (USB Corporation, Cleveland, OH, USA) according to

the manufacturer’s instructions. Sequencing reactions were

performed using 1–5 ml of purified PCR products, 1 ml of BigDye

reaction mix (Life Technologies/Applied Biosystems, Darmstadt,

Germany), and 0.5 mM of primers HBV-024 and HBV-025,

respectively. Obtained sequences were manually edited and

analyzed using BioEdit 9.7 (http://www.mbio.ncsu.edu/bioedit/

bioedit.html) and Geneious Pro software (Version R6, Biomatters

Ltd, Auckland, New Zealand). For genotyping, phylogenetic

analysis with corresponding sequences of nine HBV reference

sequences, representing the eight HBV genotypes A to G, was

performed using the MEGA 5 software [23]. The molecular

evolution was inferred by using the Neighbor-Joining method with

1,000 bootstrap replicates. Evolutionary distances were computed

using the Maximum Composite Likelihood method [23]. For

independent confirmation, the genotyping online tool at http://

www.hepseq.org was utilized. HBV reference strains in GenBank

were HBV-A: HM011485, X02763; HBV-B: D00329; HBV-C:

X01587; HBV-D: V01460; HBV-E: X75657; HBV-F: X75658;

HBV-G: AF16050; and HBV-H: AY090457 (Fig. 1).

HBV genotype mixtures were discovered by aligning sequences

from the genotyping PCR with sequences from the mutational

analysis. Obvious sequence differences, not explainable as

occurrence of quasi-species, were analyzed separately and

confirmed by sub-cloning and sequencing. Sub-cloning was
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performed using TOPO TA Cloning Kit and Top10 competent

cells (Life Technologies/Applied Biosystems, Darmstadt, Ger-

many) following the manufacturer’s instructions. At least 10 clones

were sequenced for identifying HBV genotype mixtures.

In order to identify possible HBV genotype recombination, all

HBV sequences were analysed using the Recombination Detection

Program (version 4.22) as described recently [24].

Determination of Antiviral HBV Resistance and HBV
Vaccine Escape Mutations

Presence of HBV antiviral therapy resistance mutations and

HBV vaccine escape mutations was determined by established in-

house PCR and subsequent sequencing. In brief, in the first PCR

round the HBV consensus primer pair HBV-069 and HBV-070

was used. For the nested HBV PCR sense primer HBV-001 and

antisense primer HBV-017 were used for amplifying a 1143 bp

fragment spanning from nt57 to nt1199 (numbering according to

HM011485). Amplified fragments were purified using the Exo

SAP-IT kit (USB Corporation, Cleveland, OH, USA) and

sequenced using primers HBV-001, HBV-025, and HBV-017.

Fully overlapping sequences from primers HBV-001 and HBV-

025 were used to discover escape mutations, while sequences

obtained with primers HBV-001 and HBV-017 were analyzed to

determine antiviral resistance. Sequences were manually edited,

aligned with prototype reference sequences (accession numbers for

the HBV prototypes are shown in Fig. 2 and 3), and translated into

amino acid sequences using the Geneious Pro software (Version

R6, Biomatters Ltd) to identify amino acid substitutions. All

primer sequences are listed in Table 1.

The 288 bp fragment located between nt479 and nt766 coding

for amino acid (aa) 109–204 of the HBsAg and the 858 bp fragment

between nt208 and nt1065 coding for aa 27–286 of the reverse

transcriptase (rt) domain of the HBV polymerase were used for the

analysis of drug resistance mutations and vaccine escape mutations,

respectively. 146 sequences of this analysis were submitted to

GenBank (accession numbers: KJ585434–KJ585579).

Statistical Analysis
Statistical analysis was performed using SPSS release 20 (IBM

Corporation, Armonk, NY, USA) and Prism5 software (version

5.01, GraphPad Software, San Diego, CA, USA, www.graphpad.

com). Categorical variables were compared by Fisher’s exact test.

Continuous quantitative variables were compared by using the

Mann-Whitney U test, with a 2-tailed p-value ,0.05 considered to

be statistically significant.

Results

Baseline Characteristics of the HBsAg-positive Omani
Patients

One hundred seventy-nine HBsAg-positive out-patients from

Oman were included in this study. 54/179 (30.17%) of the patients

were female and 124/179 (69.27%) were male; for one patient no

gender information was available. The median age of patients was

35 years (range: 18–60 years). Median serum HBV loads of the

patients ranged from 1.08 log10 to 7.04 log10 HBV IU/ml. The

baseline characteristics of the patients are summarized in Table 2.

Prevalence and Geographic Distribution of HBV
Genotypes in Oman

Serum samples from 179 HBsAg-positive patients were

collected in all nine governorates at 14 gastroenterologic clinics,

representative for the whole Sultanate of Oman according to its

population density with approximately 90% of inhabitants living

in the North. 146 (81.6%) samples were from the northern and 33

(18.4%) samples from the southern part of Oman.

HBV genomes were detected by PCR in 170 samples (137 in

the northern and 33 in the southern regions). Sequencing of PCR

products and subsequent phylogenetic analysis were performed to

determine HBV genotypes. Of all circulating HBV genotypes,

genotypes D (130/170; 76.47%) and A (32/170; 18.28%) are

predominant in Oman. HBV genotypes C (2/170; 1.18%) and E

(2/170; 1.18%) were less frequent and the HBV genotypes B, F, G,

and H were not detected (Fig. 1). Noteworthy, four patients

(2.35%) showed HBV genotype mixtures implying double

infections (patient numbers 106, 123, 124, and 142). Three of

these patients were infected with HBV genotypes A and D, and

patient #106 was infected with HBV genotypes C and D (Fig. 1).

No HBV genotype recombination could be detected in the

analysed patient samples.

Comparison of the HBV genotype distribution between the

North and the South of Oman revealed only minor differences. In

the northern region the prevailing HBV genotype was D (107/

137; 78.10%), followed by genotype A (23/137; 16.79%),

including 3/137 (2.19%) HBV D/A genotype mixtures, and two

(1.46%) of each HBV genotypes C and E. HBV genotypes D (23/

33; 69.70%) and A (9/33; 27.27%) were also the prevalent HBV

genotypes in the South of Oman, and only one isolate (3.03%)

represented HBV genotype mixtures (HBV D/C).

Prevalence of HBV Vaccine Escape Mutations in HBsAg-
positive Omani Patients

In order to determine the prevalence of HBV vaccine escape

mutations circulating in Oman, mutational analysis was performed

on the 170 HBV isolates. Major vaccine escape mutations have

been described to be located in the ‘‘a’’ determinant of the small

surface protein (SHBsAg, aa 124–147). We therefore analyzed the

HBV sequences of the surface gene of the HBV genome from

nt497 to nt635, coding for aa115 to aa160 of SHBsAg (numbering

is according to GenBank accession number HM011485). Of

the170 HBV isolates, 148/170 (87.06%) showed wild-type

sequences, while 22/170 (12.94%) HBV surface antigen sequences

showed mutations in the HBsAg gene. In particular, mutations at

Table 1. HBV-specific primers for detection, genotyping, and
mutational analysis.

N6 Name Sequence 59-39 Position

1. HBV-022 TGCTGCTATGCCTCATCTTC 414–433

2. HBV-065 CAAAGACAAAAGAAAATTGG 822–803

3. HBV-066 CACAGATAACAAAAAATTGG 822–803

4. HBV-024 CAAGGTATGTTGCCCGTTTGTCCT 455–478

5. HBV-041 GGACTCAMGATGYTGTACAG 786–767

6. HBV-064 GGACTCAMGATGYTGCACAG 786–767

7. HBV-069 CCTGCTGGTGGCTCCAGTTC 56–75

8. HBV-070 CGCAGTATGGATCGGCAGAGG 1275–1255

9. HBV-001 CTGCTGGTGGCTCCAGTTCAGGA 57–79

10. HBV-017 GGGGTTGCGTCAGCAAACACT 1199–1179

11. HBV-025 GGTATAAAGGGACTCACGATG 795–775

Nucleotide position is according to the HBV reference strain GenBank accession
number HM011485.
doi:10.1371/journal.pone.0097759.t001
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aa positions 118–120, 125–128, 130, 133–135, and 143 were

observed. Sixteen patients showed only one mutation, and three

patients showed two and three mutations, respectively, in the ‘‘a’’

determinant region (Fig. 2 and Table 3).

The classical diagnostic/vaccine escape mutations, G145R and

D144E, could not be detected. However, the well-described

vaccine escape mutation P120T was found in two sequences of

HBsAg-positive patients (samples 43 and 88) while both of them

could be related to HBV genotype D (Fig. 2 and Table 3). Other

possible vaccine escape mutations were detected at positions T126

(T126S) and M133 (M133T); however, their impact on vaccine

escape is under discussion. Further identified S-gene mutations are

not associated with diagnostic and vaccine escape and were S-gene

variants.

The distribution of HBV escape mutations of HBV isolates from

different regions of Oman, gender, HBV genotypes, the status of

HBeAg and anti-HBe, age, and HBV load is displayed in table 4.

No correlation was found for geographic distribution, gender,

HBV genotype, status of HBeAg and anti-HBe, age and HBV load

of escape mutations detected in the HBsAg-positive samples from

the north compared to the south of Oman (p.0.5).

Figure 1. Phylogenetic analysis of Omani HBV strains. Phylogenetic analysis inferred from distance analysis (Kimura 2 parameters model) and
neighbor-joining reconstruction from a partially overlapping region of P and S genes (from nt479 to nt766) of 170 Omani HBV DNA-positive isolates.
The reference strains were denoted by HBV genotype and ‘‘N’’ signal with the GenBank accession number, respectively (for example: ‘‘A-
HM011485N’’). The Omani samples were numbered, and especially the double-infected samples were highlighted by the ‘‘&’’ signal. (The numbers
at the nodes indicate bootstrapping values.).
doi:10.1371/journal.pone.0097759.g001
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Figure 2. Analysis of escape mutants of Omani HBV isolates. The amino acid sequences in the ‘‘a’’ determinant region of the Omani escape
mutant isolates were aligned with the corresponding region of the reference sequences (HBV-genotypes A to H; GenBank accession numbers are
denoted) by ClustalW with Neighbor Joining method and 1000 bootstrap replicates. Amino acid substitutions were highlighted.
doi:10.1371/journal.pone.0097759.g002

Figure 3. Analysis of antiviral therapy resistant mutations of Omani HBV isolates. The amino acid sequences of the HBV polymerase
(reverse transcriptase region; aa rtM1 to rtL275) of the Omani resistant mutation isolates were aligned with the corresponding region of the reference
sequences (HBV-genotypes A to H; GenBank accession numbers are denoted) by ClustalW with Neighbor Joining method and 1000 bootstrap
replicates. Described antiviral resistant mutations were highlighted and denoted at the top (e.g., L80V).
doi:10.1371/journal.pone.0097759.g003
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Prevalence of HBV Resistance Mutations to Antiviral
Therapy

Chronically HBV-infected patients in Oman were treated with

nucleotide/nucleoside analogues (NA) according to European/

American guidelines. To identify the antiviral therapy resistance

mutations, the obtained Omani patient sequences located between

nt130 to nt954 coding aa rtM1 to rtL275 (numbering is according

to GenBank accession number HM011485) were aligned with the

corresponding regions of reference sequences and subsequently

translated into aa sequences. Of 170 HBV DNA-positive samples,

146 were successfully sequenced using the primer pair HBV-001

and HBV-017. Mutational analysis showed that eight of the 146

HBsAg-positive patients (5.48%) exhibit NA resistances. Among

them seven patients had lamivudine resistance mutations (LAM)

and one had the adefovir resistance mutation (ADV; S85A of

patient #155) (Fig. 3). Notably, one patient (patient #069) showed

four mutations (L80V, L180M, M204V, and Q215S) and patient

#049 three mutations (L80V, L180M, and M204V). The N236T

adefovir dipivoxil resistance mutation and other previously

described resistance mutations against other antiviral drugs (e.g.

entecavir, telbivudine) could not be detected in the HBsAg-positive

patients.

The distribution of antiviral resistance mutations of HBV

isolates from different regions of Oman, gender, HBV genotypes,

the status of HBeAg and anti-HBe, age, and HBV load were

analyzed and are displayed in table 5. A correlation could be

identified showing that drug resistance mutations were significant-

ly more abundant in anti-HBe-negative individuals (one tailed

Fisher’s exact test, p = 0.045). However, no correlation could be

detected for geographic distribution, gender, HBV genotype,

HBeAg status, age, and viral load (p.0.5).

Discussion

The prevalence of HBV infection varies to a great extent in

different areas and countries, depending on a number of factors

that include implementation of the HBV vaccination program,

screening of blood samples from blood donors, or education of the

population about the risk factors for HBV infection. Oman, a

country with intermediate HBV carrier prevalence of 2–7%, has

implemented HBV vaccination of all newborns in the country for

the local population and immigrants free of charge in 1990.

However, little is known about the prevalence of HBV genotypes,

Table 2. Clinical profiles of HBsAg-positive patients of Oman.

Variables Values

Median age (y) 35y (18–61 years)

Sex (male/female) 124/54

HBV load (log10 IU/ml) 1.08 to 7.04

HBsAg positive 179/179 (100%)

HBeAg positive 7/179 (3.91%)

HBeAg negative 120/179 (67.04%)

anti-HBeAg positive 120/179 (67.04%)

HBeAg and anti-HBeAg negative 4/179 (2.23%)

doi:10.1371/journal.pone.0097759.t002

Table 3. Mutations in the ‘‘a’’ determinant domain of Omani HBV isolates.

Samples T118K/A/V G119R P120T T125M T126I/S P127T/S A128V G130S/R/N M133T Y/F134N P135L T/S143L/M

OMAN-009 + +

OMAN-015 +

OMAN-020 + +

OMAN-031 + + +

OMAN-033 + +

OMAN-043 +

OMAN-044 +

OMAN-047 +

OMAN-062 +

OMAN-063 +

OMAN-073 +

OMAN-082 +

OMAN-088 +

OMAN-095 + + +

OMAN-097 + + +

OMAN-103 +

OMAN-111 +

OMAN-113 +

OMAN-122 +

OMAN-140 +

OMAN-148 +

OMAN-153 +

doi:10.1371/journal.pone.0097759.t003
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HBV resistance mutants to antiviral drugs, and HBV vaccine

escape mutants in circulation in Oman.

Increasing evidence supports the view that different HBV

genotypes have a significant role in determining the clinical

outcome of liver diseases and the response to antiviral therapies

[14,25–27]. Accordingly, in this study we have analyzed the

geographic distribution of HBV genotypes and the prevalence of

vaccine escape and antiviral treatment resistance mutants of 179

Table 5. Distribution of antiviral resistance mutations.

No mutation Resistance mutations

Count Mean Median Count Mean Median

Region North 111 – – 6 – –

South 27 – – 2 – –

Gender F 40 – – 3 – –

M 98 – – 5 – –

Age 138 37 33 8 37 34

HBeAg ND 2 – – 0 – –

Neg 69 – – 2 – –

Pos 67 – – 6 – –

Anti-HBe* ND 2 – – 0 – –

Neg 69 – – 7 – –

Pos 67 – – 1 – –

Genotype A 28 – – 2 – –

C 2 – – 0 – –

D 107 – – 6 – –

E 1 – – 0 – –

Viral loada 138 4,50 4,43 8 5,44 5,90

*denotes p,0.05; aValues are given as log10 international units (IU)/ml; ND: Not done; F = female, M = male.
doi:10.1371/journal.pone.0097759.t005

Table 4. Distribution of S-gene variants of Omani HBV isolates.

No mutation S-gene mutations

Count Mean Median Count Mean Median

Region North 118 – – 19 – –

South 30 – – 3 – –

Gender F 46 – – 6 – –

M 102 – – 16 – –

Age 148 37 33 22 44 41

HBeAg ND 3 – – 1 – –

Neg 72 – – 9 – –

Pos 73 – – 12 – –

Anti-HBe ND 3 – – 1 – –

Neg 77 – – 12 – –

Pos 68 – – 9 – –

HBV Genotype A 27 – – 5 – –

C 1 – – 1 – –

D 114 – – 16 – –

D-A 3 – – 0 – –

D-C 1 – – 0 – –

E 2 – – 0 – –

Viral loada 148 4,55 4,56 22 4,03 3,52

aValues are given as log10 international units (IU)/ml; ND: Not done; F = female, M = male.
doi:10.1371/journal.pone.0097759.t004
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HBsAg-positive patients from 14 gastroenterology clinics of

geographically distinct regions of Oman. All patients were out-

patients and were enrolled in hospitals throughout Oman. This

patient cohort might be representative of the general HBsAg-

positive population of Oman. Of 179 HBsAg-positive patients,

HBV DNA was detected in 170 patients (94.97%). Molecular-

epidemiologic analysis enabled the detection of four of the eight

HBV genotypes, namely genotypes A, C, D, and E, with a

predominance of genotypes A (18.28%) and D (76.47%). This is in

accordance with previous studies of HBV genotype distribution in

other regions of the Middle East and neighboring countries or

those in close contact to Oman. HBV genotype D is predominant

in neighboring countries Saudi Arabia (81.4%) and the Republic

of Yemen (90%), but also prevalent in Egypt, Turkey, Iran, and

Tunisia [28–33].

Few studies have reported the occurrence of mixed HBV

genotype infections and the effect of double infections on the

clinical outcome or on viral replication [14,34]. We found HBV

genotype mixtures in 4 out of 170 (2.35%) serum samples, in

particular three with HBV-A/D and one with D/C. Notably, no

HBV genotype recombination could be detected in the Omani

HBV isolates. The prevalence of mixed HBV genotype (2.35%)

found in Oman was low when compared to other studies from

Asia, where 10.6% (Eastern China) [35] and 16.9% (Vietnam)

[14] of the hepatitis B patients revealed HBV genotype mixtures.

This may be due to the low prevalence of HBV in this country

(2%–7%) in contrast to regions in Asia with a high prevalence, like

China with about 10% [36] and Vietnam with up to 20% [37] of

HBsAg-positive individuals. However, the high vaccination

coverage might also have had an impact on the infection pattern

observed in Oman.

The common hepatitis B vaccines contain the major HBsAg

protein that induces immune response to the major hydrophilic

region (MHR), the so called ‘‘a’’ determinant which maps to aa

residues 100–160 of the HBV surface protein [38]. Various

vaccine/immune and diagnostic escape mutations have been

described which are detectable mainly in the most antigenic MHR

located in the region of aa120–aa147 [39–44]. The best-described

and stable vaccine escape mutations are the sG145R, sD144E/A,

and sP120T mutations [45,46]. HBsAg mutations in the ‘‘a’’

determinant can lead to conformational changes with altered

antigenicity and failure to neutralize the virus, to escape diagnostic

assays, and are associated with liver disease progression like

fulminant hepatitis, cirrhosis, and HCC [43,46–48]. The occur-

rence of HBsAg mutations is mainly caused by vaccine and/or

hepatitis B immunoglobulin (HBIG) administration, natural

selection by the host immune response, and antiviral therapy

pressure inducing antiviral resistance mutants which alter simul-

taneously the amino acid composition of the surface antigen [49–

51]. Of the 170 HBV isolates analyzed, 148 (87.06%) showed

wild-type sequences and only 22 (12.94%) revealed mutations in

the HBsAg gene and of these two isolates (1.1%) showed the

described vaccine escape mutation sP120T. Other vaccine escape

mutations, especially the G145R and D144E/A mutation, could

not been detected. Our result is in good agreement with recent

reports revealing a prevalence of HBsAg vaccine escape mutations

of 0.7% to 28% depending on the region, age of HBV-infected

individuals, and endemicity of HBV [42,48,52]. The low

frequency of vaccine escape mutations implies that there is

obviously no threat to the HBV vaccination program in Oman.

However, a surveillance program to observe the situation of

circulating HBV escape mutations in Oman is needed to

determine the prevalence of HBV escape mutations more

comprehensively. Most of the mutations detected in the ‘‘a’’

determinant of the HBV isolates from the patients of Oman were

located in loop 1 (B cell epitope; aa118–120, 126–128, 130, and

133–135). Of these, the well-characterized sP120T mutation could

be detected in 2/170 HBV-infected patients. The identified sT/

S143L/M mutations of the HBsAg gene, mapped to loop 2 of the

‘‘a’’ determinant, and were thought to be associated with

vaccination allowing ongoing replication of HBV [53]. However,

in this domain (loop 2) the most prominent vaccine escape

mutations sG145R and sD144E/A were not found in the patient

collective. Mutations in the S-gene region between aa 120 and

145 have been discussed to affect the antigenic structure of the

HBsAg. We found the sP120T, sT126S, sM133T, and sT/S143L/

M mutations in the HBsAg-positive patients while these mutations

have been previously described as possible vaccine escape

mutations (reviewed in: [54]). However, these mutations were

less frequent (4.1%). Other mutations detected in the S-gene of

the patient isolates have not been described as escape mutations

so far and therefore could be classified as ‘‘a’’ determinant

variants.

Besides interferon-alpha, at present five nucleoside/nucleotide

analogues (NAs) have been introduced worldwide for treatment of

chronic hepatitis B (CHB) targeting the viral polymerase (reverse

transcriptase, RT). Of these, lamivudine (LAM, 3TC) was the

antiviral drug first approved in 1995. Although the introduction of

NAs for therapy of CHB significantly reduces disease progression

and efficiently controls HBV replication, unfortunately, NAs can

select resistance mutations in the HBV RT-domain which is a

major limiting factor for long-term viral suppression [55]. For

LAM the prevalence of resistance mutations rapidly rises up to

80% after four years of treatment. The other NAs, adefovir

dipivoxil, entecavir, telbivudine, and tenofovir disoproxil, show

higher genetic barriers with a resistance development for tenofovir

of 0% to 5.9% after treatment for three years [39]. Besides other

previously described resistance mutations, the best-described drug

resistance mutations are the LAM resistance mutations rtL180M

and rtM204V/I and the adefovir resistance mutations rtA181V/T

and rtN236T [39]. The LAM mutations rtM204V/I are mapped

to the catalytic center of the viral RT domain, the YMDD motif.

Although we had no information on hand how many and which

ones of the 170 CHB patients of our study have been under anti-

viral treatment and which NA therapy was used, we found 5.48%

NA-resistance mutations, seven of them conferring resistance to

LAM. One patient was determined to have the suspected adefovir-

resistant mutation (rtS85A). Other antiviral therapy resistance

mutations, such as rtA181V/T or rtN236T, were not detected.

According to the guidelines on the management of chronic

hepatitis B, in the case of resistance to LAM and also ADV the

therapy should be switched or add-on to a nucleotide analogue

treatment option like tenofovir disoproxil fumarate [56]. The

relatively low rate of approx. 5.48% LAM-resistant patients is in

agreement with a recent report from the US showing ,2% in

untreated CHB patients [57].

Further analysis showed that there was no statistical correlation

between the geographic distribution, gender, age, HBV genotypes,

status of HBeAg and anti-HBe, and HBV load of the vaccine

escape and resistance mutations if comparing HBsAg-positive

samples from the north with the south of Oman. However, a

significant correlation between the anti-HBe status (anti-HBe

negative) and the frequency of antiviral resistance mutations could

be identified. This finding may suggest that anti-HBe-negative

individuals might be more likely to develop resistance mutations.

However, this finding has to be proven in further studies in more

detail.
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In conclusion, this study shows for the first time the prevalence

and geographic distribution of HBV genotypes in Oman, with a

predominance of HBV genotypes D and A. HBV genotype

mixtures of A and D were also observed to a low extent.

Mutational analysis of the HBV isolates revealed a low prevalence

of vaccine escape mutants in the HBsAg-positive patients which is

indicative of the effectivity of the HBV vaccination program in

Oman. The incidence of antiviral therapy resistance mutations of

the CHB patients was low; however, the identification of LAM

and ADV resistance mutations recommend the adjustment of the

therapy management to international guidelines. Our findings will

therefore have major impact on the therapy management and

diagnostics of CHB patients in Oman.

Acknowledgments

We appreciate the excellent technical assistance of Claudia Zymelka, Tina

Dittmann, Maria Martin, and Nadine Kutzner from Robert Koch

Institute, Berlin, Germany, and of Bilal Hussein, Aisha Al Amri, and

Mersum Mathew from the Department of Virology, Central Public Health

Laboratories, Ministry of Health Oman, and Mohammed Al Ruqeishi

from the Armed Force Hospital Laboratory, Ministry of Defense Oman.

The authors acknowledge the copy-editing by Ursula Erikli.

Author Contributions

Conceived and designed the experiments: SAAB BAR BTS GP CTB.

Performed the experiments: SAAB BAR BTS. Analyzed the data: SAAB

BAR BTS CTB. Contributed reagents/materials/analysis tools: KAN SAA

SAB. Wrote the paper: SAAB BAR BTS CTB.

References

1. WHO (2013) Hepatitis B. Fact sheet Nu204.

2. Lok AS (2009) Hepatitis B: liver fibrosis and hepatocellular carcinoma.

Gastroenterol Clin Biol 33: 911–915.

3. Lok AS, McMahon BJ (2009) Chronic hepatitis B: update 2009. Hepatology 50:

661–662.

4. Fung SK, Lok AS (2004) Hepatitis B virus genotypes: do they play a role in the

outcome of HBV infection? Hepatology 40: 790–792.

5. Norder H, Courouce AM, Coursaget P, Echevarria JM, Lee SD, et al. (2004)

Genetic diversity of hepatitis B virus strains derived worldwide: genotypes,

subgenotypes, and HBsAg subtypes. Intervirology 47: 289–309.

6. Deterding K, Constantinescu I, Nedelcu FD, Gervain J, Nemecek V, et al.

(2008) Prevalence of HBV genotypes in Central and Eastern Europe. J Med

Virol 80: 1707–1711.

7. Stuyver L, De Gendt S, Van Geyt C, Zoulim F, Fried M, et al. (2000) A new

genotype of hepatitis B virus: complete genome and phylogenetic relatedness.

J Gen Virol 81: 67–74.

8. McMahon BJ (2009) The influence of hepatitis B virus genotype and

subgenotype on the natural history of chronic hepatitis B. Hepatol Int 3: 334–

342.

9. Degertekin B, Lok AS (2009) Update on viral hepatitis: 2008. Curr Opin

Gastroenterol 25: 180–185.

10. Kao JH, Chen DS (2005) Hepatitis B vaccination: to boost or not to boost?

Lancet 366: 1337–1338.

11. Sanchez-Tapias JM, Costa J, Mas A, Bruguera M, Rodes J (2002) Influence of

hepatitis B virus genotype on the long-term outcome of chronic hepatitis B in

western patients. Gastroenterology 123: 1848–1856.

12. Chang MH (2014) Prevention of hepatitis B virus infection and liver cancer.

Recent Results Cancer Res 193: 75–95.

13. Shi YH (2012) Correlation between hepatitis B virus genotypes and clinical

outcomes. Jpn J Infect Dis 65: 476–482.

14. Toan NL, Song le H, Kremsner PG, Duy DN, Binh VQ, et al. (2006) Impact of

the hepatitis B virus genotype and genotype mixtures on the course of liver

disease in Vietnam. Hepatology 43: 1375–1384.

15. Brunetto MR, Marcellin P, Cherubini B, Yurdaydin C, Farci P, et al. (2013)

Response to peginterferon alfa-2a (40KD) in HBeAg-negative CHB: On-

treatment kinetics of HBsAg serum levels vary by HBV genotype. J Hepatol.

16. Westland C, Delaney Wt, Yang H, Chen SS, Marcellin P, et al. (2003) Hepatitis

B virus genotypes and virologic response in 694 patients in phase III studies of

adefovir dipivoxil1. Gastroenterology 125: 107–116.

17. Cooksley WG (2010) Do we need to determine viral genotype in treating chronic

hepatitis B? J Viral Hepat 17: 601–610.

18. Cassidy A, Mossman S, Olivieri A, De Ridder M, Leroux-Roels G (2011)

Hepatitis B vaccine effectiveness in the face of global HBV genotype diversity.

Expert Rev Vaccines 10: 1709–1715.

19. Kaminski G, Alnaqdy A, Al-Belushi I, Nograles J, Al-Dhahry SH (2006)

Evidence of occult hepatitis B virus infection among Omani blood donors: a

preliminary study. Med Princ Pract 15: 368–372.

20. Al Awaidy S, Abu-Elyazeed R, Al Hosani H, Al Mulla A, Al Busaiedy S, et al.

(2006) Sero-epidemiology of hepatitis B infection in pregnant women in Oman,

Qatar and the United Arab Emirates. J Infect 52: 202–206.

21. Al Awaidy ST, Bawikar SP, Al Busaidy SS, Al Mahrouqi S, Al Baqlani S, et al.

(2013) Progress toward Elimination of Hepatitis B Virus Transmission in Oman:

Impact of Hepatitis B Vaccination. Am J Trop Med Hyg 89: 811–815.

22. Blitz L, Pujol FH, Swenson PD, Porto L, Atencio R, et al. (1998) Antigenic

diversity of hepatitis B virus strains of genotype F in Amerindians and other

population groups from Venezuela. J Clin Microbiol 36: 648–651.

23. Tamura K, Peterson D, Peterson N, Stecher G, Nei M, et al. (2011) MEGA5:

Molecular Evolutionary Genetics Analysis Using Maximum Likelihood,

Evolutionary Distance, and Maximum Parsimony Methods. Molecular Biology

and Evolution 28: 2731–2739.

24. Martin DP, Lemey P, Lott M, Moulton V, Posada D, et al. (2010) RDP3: a

flexible and fast computer program for analyzing recombination. Bioinformatics

26: 2462–2463.

25. Mayerat C, Mantegani A, Frei PC (1999) Does hepatitis B virus (HBV) genotype

influence the clinical outcome of HBV infection? J Viral Hepat 6: 299–304.

26. Chu CJ, Lok AS (2002) Clinical significance of hepatitis B virus genotypes.

Hepatology 35: 1274–1276.

27. Kao JH (2002) Hepatitis B viral genotypes: clinical relevance and molecular

characteristics. J Gastroenterol Hepatol 17: 643–650.

28. Mohammadnejad L, Farajnia S, Parivar K, Naghili B, Yousefzadeh Kheirnagsh

R (2012) Hepatitis B virus genotypes in eastern Azerbaijan, Northwest Iran.

Arch Iran Med 15: 446–448.

29. Sallam TA, William Tong CY (2004) African links and hepatitis B virus

genotypes in the Republic of Yemen. J Med Virol 73: 23–28.

30. Amini-Bavil-Olyaee S, Sarrami-Forooshani R, Adeli A, Sabahi F, Abachi M, et

al. (2005) Complete genomic sequence and phylogenetic relatedness of hepatitis

B virus isolates from Iran. J Med Virol 76: 318–326.

31. Sunbul M, Leblebicioglu H (2005) Distribution of hepatitis B virus genotypes in

patients with chronic hepatitis B in Turkey. World J Gastroenterol 11: 1976–

1980.

32. Saudy N, Sugauchi F, Tanaka Y, Suzuki S, Aal AA, et al. (2003) Genotypes and

phylogenetic characterization of hepatitis B and delta viruses in Egypt. J Med

Virol 70: 529–536.

33. Bahri O, Cheikh I, Hajji N, Djebbi A, Maamouri N, et al. (2006) Hepatitis B

genotypes, precore and core promoter mutants circulating in Tunisia. J Med

Virol 78: 353–357.

34. Hannoun C, Krogsgaard K, Horal P, Lindh M, Interpred trial g (2002)

Genotype mixtures of hepatitis B virus in patients treated with interferon. J Infect

Dis 186: 752–759.

35. Yin J, Zhang H, Li C, Gao C, He Y, et al. (2008) Role of hepatitis B virus

genotype mixture, subgenotypes C2 and B2 on hepatocellular carcinoma:

compared with chronic hepatitis B and asymptomatic carrier state in the same

area. Carcinogenesis 29: 1685–1691.

36. Liang X, Bi S, Yang W, Wang L, Cui G, et al. (2009) Epidemiological serosurvey

of hepatitis B in China–declining HBV prevalence due to hepatitis B

vaccination. Vaccine 27: 6550–6557.

37. Dunford L, Carr MJ, Dean J, Nguyen LT, Ta Thi TH, et al. (2012) A

multicentre molecular analysis of hepatitis B and blood-borne virus coinfections

in Viet Nam. PLoS One 7: e39027.

38. Pollicino T, Zanetti AR, Cacciola I, Petit MA, Smedile A, et al. (1997) Pre-S2

defective hepatitis B virus infection in patients with fulminant hepatitis.

Hepatology 26: 495–499.

39. Locarnini SA, Yuen L (2010) Molecular genesis of drug-resistant and vaccine-

escape HBV mutants. Antivir Ther 15: 451–461.

40. Teo CG, Locarnini SA (2010) Potential threat of drug-resistant and vaccine-

escape HBV mutants to public health. Antivir Ther 15: 445–449.

41. Carman WF (1997) The clinical significance of surface antigen variants of

hepatitis B virus. J Viral Hepat 4 Suppl 1: 11–20.

42. Hsu HY, Chang MH, Liaw SH, Ni YH, Chen HL (1999) Changes of hepatitis B

surface antigen variants in carrier children before and after universal vaccination

in Taiwan. Hepatology 30: 1312–1317.

43. Oon CJ, Lim GK, Ye Z, Goh KT, Tan KL, et al. (1995) Molecular

epidemiology of hepatitis B virus vaccine variants in Singapore. Vaccine 13:

699–702.

44. Ma Q, Wang Y (2012) Comprehensive analysis of the prevalence of hepatitis B

virus escape mutations in the major hydrophilic region of surface antigen. J Med

Virol 84: 198–206.

45. Locarnini S, McMillan J, Bartholomeusz A (2003) The hepatitis B virus and

common mutants. Semin Liver Dis 23: 5–20.

46. Bock CT, Tillmann HL, Torresi J, Klempnauer J, Locarnini S, et al. (2002)

Selection of hepatitis B virus polymerase mutants with enhanced replication by

HBV Genotype Prevalence in Oman

PLOS ONE | www.plosone.org 9 May 2014 | Volume 9 | Issue 5 | e97759



lamivudine treatment after liver transplantation. Gastroenterology 122: 264–

273.
47. Bartholomeusz A, Locarnini S (2001) Hepatitis B virus mutants and fulminant

hepatitis B: fitness plus phenotype. Hepatology 34: 432–435.

48. Weber B (2005) Genetic variability of the S gene of hepatitis B virus: clinical and
diagnostic impact. J Clin Virol 32: 102–112.

49. Ghany MG, Ayola B, Villamil FG, Gish RG, Rojter S, et al. (1998) Hepatitis B
virus S mutants in liver transplant recipients who were reinfected despite

hepatitis B immune globulin prophylaxis. Hepatology 27: 213–222.

50. Carman WF, Korula J, Wallace L, MacPhee R, Mimms L, et al. (1995)
Fulminant reactivation of hepatitis B due to envelope protein mutant that

escaped detection by monoclonal HBsAg ELISA. Lancet 345: 1406–1407.
51. Khedive A, Norouzi M, Ramezani F, Karimzadeh H, Alavian SM, et al. (2013)

Hepatitis B virus surface protein mutations clustered mainly in CTL immune
epitopes in chronic carriers: results of an Iranian nationwide study. J Viral Hepat

20: 494–501.

52. Carman WF, Van Deursen FJ, Mimms LT, Hardie D, Coppola R, et al. (1997)

The prevalence of surface antigen variants of hepatitis B virus in Papua New
Guinea, South Africa, and Sardinia. Hepatology 26: 1658–1666.

53. Zuckerman JN, Zuckerman AJ (2003) Mutations of the surface protein of

hepatitis B virus. Antiviral Res 60: 75–78.
54. Torresi J (2002) The virological and clinical significance of mutations in the

overlapping envelope and polymerase genes of hepatitis B virus. J Clin Virol 25:
97–106.

55. Tujios SR, Lee WM (2013) Update in the management of chronic hepatitis B.

Curr Opin Gastroenterol 29: 250–256.
56. European Association For The Study Of The L (2012) EASL clinical practice

guidelines: Management of chronic hepatitis B virus infection. J Hepatol 57:
167–185.

57. Baxa DM, Thekdi AD, Golembieski A, Krishnan PV, Sharif O, et al. (2013)
Evaluation of anti-HBV drug resistant mutations among patients with acute

symptomatic hepatitis B in the United States. J Hepatol 58: 212–216.

HBV Genotype Prevalence in Oman

PLOS ONE | www.plosone.org 10 May 2014 | Volume 9 | Issue 5 | e97759


