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Background: Hepatitis B virus (HBV) infection is a public health problem in developing countries. HBV genotypes play major role in the
evolution of infection since they were involved in different clinical presentations and response to treatment.

Objectives: This study was conducted to evaluate the efficiency of restriction fragment length polymorphism (RFLP) analysis for HBV
genotyping.

Patients and Methods: We investigated 98 samples collected from patients chronically infected with HBV. HBV genotypes were
determined by analysis of patterns obtained after amplification in Pre-S region and digestion of the amplicon by two endonucleases Avall
and Dpnll. Obtained results were confirmed by partial sequencing in the same region.

Results: Two different HBV genotypes were detected in this study, Genotype D (in 95. 9%) and Genotype A (in 4.1%). Seventy-four samples
(75.5%) were successfully genotyped with RFLP analysis and all classified as genotype D. The remaining 24 samples (24.5%) which were un-
genotyped by RFLP analysis, were classified by partial sequencing of the pre-S region as HBV genotype D (20 samples, 20.4%) and genotype
A(4 samples, 4.1%). Atypical profiles were significantly associated with advanced liver disease (P=0.001) as well as older age (P < 0.05).
Conclusions: Several previous studies used PCR-RFLP to genotype HBV; however, we showed the high risk to obtain atypical profiles,
especially in advanced stages of chronic infection, with as results difficulties to genotype the virus. These profiles resulted from the
accumulation of mutations during natural course of infection resulting in a modification in restriction sites for enzymes. So, we
recommended completing the investigation by partial sequencing to confirm obtained results.

Keywords: Hepatitis B Virus; Genotype; Restriction Fragment Length Polymorphism; Direct Sequencing

1. Background also associated with different clinical outcomes and re-
sponses to antiviral treatments (5, 6). In fact, compared
to genotype A, chronic infections by genotype D and C
were more severe with increased risk of HCC (7-9), high
risk for HBV reactivation, and high mortality rate after
liver transplantation (10). In addition, low response rate

Hepatitis B virus (HBV) infection is the most common
cause of chronic hepatitis disease with high risk of de-
veloping cirrhosis and hepatocellular carcinoma (HCC)
(1). Compared to other conventional DNA viruses, HBV is
characterized by complexity of its replication and high e i
degree of genetic variability caused by an intermedi- to treatment with interferon-o was observed in geno-
ate reverse-transcription step and a high level of viral ~ tyPe D compared to genotype A or B (8). Therefore, HBV
releasing (1011 virions/day). Because of the lack of a 3-5'  &enotyping becomes an important marker to better un-
exonuclease activity, HBV DNA polymerase generates derstanding of infection pathogenesis and prognosis (11,
multiple and uncorrected errors with as results multiple ~ 12)- Advances in molecular biology lead to development
mutations in the entire genome and particularly in S ©of several molecular methods for HBV genotyping asso-
gene. This genetic variability promotes identification of ~ ciated with advantages and disadvantages. Sequencing
eight genotypes (A to H) based on a sequence divergence ~ of the whole genome is considered as gold standard be-
more than 8% in the entire genome, or than 4% when  cause of its high reliability and precision (3); however, its
only the S region is considered (2-4). In addition to their ~ high costand time-consuming status limit its routine us-
different geographical distribution, HBV genotypes are  age. The type-specific primers amplification and the line

Implication for health policy/practice/research/medical education:

The important objective of this work is to evaluate the efficacy of PCR-RFLP which was largely used for epidemiological studies because it’s easy to use
especially in large-scale surveys. However, different points remain unclear; its real efficacy was not already proven. So, the impact of this study is very im-
portant while, HBV genotype is considered, nowadays, as an important marker to survey the evolution of chronic hepatitis B with or without treatment,
and is also recommended for researchers who are interested in public health issues.

Copyright © 2013, Kowsar Corp.; Published by Kowsar Corp. This is an open-access article distributed under the terms of the Creative Commons Attribution License,
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OuneissaR et al.

probe assay (INNO-LiPA) take less time but they are not
suitable for large-scale surveys nor accurate to identify
mixed infection (13,14). To solve these problems, genotyp-
ing with restriction fragment length polymorphism was
developed to distinct between HBV genotypes by profiles
analysis obtained after digestion by restriction enzymes
(15-17). Nowadays, this method is widely used for epide-
miological studies especially in developing countries
(18). Nevertheless, limited data were reported about its
efficiency.

2. Objectives

The main purpose of this study was to assess the perfor-
mance of Polymerase chain reaction-restriction fragment
length polymorphism (PCR-RFLP) for HBV genotyping in
comparison with partial sequencing. The correlation be-
tween unexpected profiles by RFLP and clinical status or
viral load was also studied.

3. Patients and Methods

3.1. Patients

Sera were collected from 98 patients chronically infect-
ed by HBV who attended two departments of gastroenter-
ology, in La Rabta Hospital at Tunis and Tahar Maamouri
Hospital at Nabeul (a coastal region in Tunisia). All sera
were tested in advance by a commercial real time PCR
(COBAS TagManTM 48 Analyzer, Roche Diagnostics,
Mannheim, Germany) to evaluate HBV DNA levels; de-
tection limit for this method was 6IU/mL and quantita-
tion range was 6 to 1.1-108 IU/mL. Studied patients were
65 males and 33 females aged from 16 to 71 years with a
mean age of 40.12 years. Informed consent was obtained
for each patient enrolled in the study. This work was
approved by Ethics Committee of Tunisian Ministry of
Health.

3.2. HBV DNA Extraction and Amplification in the
Pre-S Gene

HBV DNA was extracted from 200 pL serum using a
QIAamp DNA Blood Mini Kit (Qiagen Inc., Hilden, Germa-
ny) as recommended by the manufacturer. Pre-S region
spanning from nt 2823 to 80 was amplified, as described
previously by Lindh et al. 1998, using primers P1 (5'- TCAC-
CATATTCTTGGGAACAAGA-3', nt 2823-2845) and P2 (5-
TTCCTGAACTGGAGCCACCA -3', nt 80-61). Amplified prod-
ucts were used for genotyping through two different
approaches; restriction fragment length polymorphism
(RFLP), and partial sequencing of the surface S gene (Pre-
Stand Pre-S2 regions).

3.3. HBV Genotyping by RFLP Analysis of Pre-S Gene

Amplified product was digested by two restriction en-
zymes (Avall and Dpnll) (New England, Biolabs, Sigma-Al-

drich), according to the protocol proposed by Lindh et al.
1998 (16). This method was known to detect genotypes A
to F of HBV. Its sensitivity was previously estimated to be
less than 10° copies/mL. Digested products were revealed
on 3% agarose gel stained with ethidium bromide. HBV
genotype identification was made by comparing the ob-
tained profiles with those proposed by the same author
(16).

3.4. HBV Genotyping by Partial Sequencing in the
PreS-gene

Partial sequencing was performed for all samples to
verify obtained results by PCR-RFLP. Sequencing of PCR
products was done by ABI Prism 3130 Genetic Analyzer
and a BigDye Terminator V.3.1 Ready Reaction Cycle Se-
quencing Kit. It was performed bi-directionally using the
same primers than amplification. Obtained sequences
were submitted to GenBank, and can be retrieved un-
der accession numbers (KF414979- KF415076). Clustal X
and BioEdit software were used for multiple alignment
and comparison of obtained sequences with eight se-
quences representative of the major HBV genotypes
retrieved from GenBank database under the following
accession numbers: genotype A (M57663), B (D00330), C
(X04615), D (X02496), E (X75657), F(X75658), G (AF160501),
and H (AY090457). Phylogenetic tree was carried out us-
ing Molecular Evolutionary Genetics Analysis (MEGA4.1)
software, and established using neighbor-joining (N-])
method and 1000 bootstrap replicates to confirm the re-
liability of the tree.

3.5. Statistical Analysis

SPSS Version 13.0 was used for all statistical analysis. 2,
Fisher’s exact; Chi square tests were used to assess the
statistical significance of differences between studied
groups. P values below 0.05 were considered statistically
significant. The HBV DNA levels were analyzed by descrip-
tive statistics such as mean range, and comparison was
performed using Mann-Whitney U test.

4. Results

4.1. Patients

The 98 patients, included in this study, belonged to
three different clinical groups: inactive carriers (IC, n =
14), patients with chronic active hepatitis (CAH, n = 52),
or patients with a progressive liver disease (PLD, n = 32);
among the latter group, 31 cases had a liver cirrhosis and
one an HCC. HBV DNA levels were previously measured
for all patients using real-time PCR (HBV TagMan, Roche),
ranged from 1, 4.10% to 5, 7.10" copies/mL; the mean range
was 1, 4.10° copies/mL. IC of HBsAg carriers were character-
ized by persistently normal ALT levels, absence of HBeAg
marker, and serum HBV DNA levels below 104 copies/mL,
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whereas CAH was defined by persistent ALT elevation and
detectable serum HBV DNA. PLD was characterized by the
presence of cirrhosis (diagnosis by clinical and/or ultra-
sonographic signs of portal hypertension) and/or hepa-
tocellular carcinoma (diagnosed by imaging showing

the characteristic features of HCC and/or, when possible,
histological assessment of tissues samples, and serum
alpha-fetoprotein levels). The demographic, clinical, and
virological characteristics of the patients are shown in
Table 1.

Table 1. Demographic, Biochemical and Virological Characteristics of Studied Population

IC3(n=14) CAH?(n =52) PLD3(n=32)
Age,y? 351+14.3 37.8+12 45.8+12.2
Sex (MJF) 8/6 26/26 31/t
ALT¥(IU/L) 24.5+6.49 102.7£123.9 901715
AST¥(IU[L) 24.8+9.28 72.7£69.2 63.3 %31
Alkaline phosphatase (IU/L)P  152.8+49.3 193.6 £80.3 2365 £125.2
Total Bilirubin ( }1mol/L)b 17£8.76 18.4+27.8 31£34.5
GGT (1U/L)P 20.5+13 65+96.4 371.2£1042.8
HBV DNA levels (copies/mL)?  7.9107+2.1108 2.2109+ 83107 6.1108+1.810°
Fibrosis score FO-F1 F2-F3 F4
HBsAg (+-) 14/0 52/0 32/0
HBeAg (+/-) 014 8/44 824
Anti-HBe (+/-) 1Bf1 44/[8 22[10
Anti-HBc (+[-) 14/0 52/0 32/0

2 Abbreviations: IC, Inactive carriers; CAH, active chronic hepatitis; PLD, Progressive liver disease; ALT, alanine transaminase (international unit per

liter); AST, aspartate transaminase (international unit per liter)
Mean +SD

4.2. Determination of HBV Genotypes with RELP

HBV genotype was successfully identified by RFLP analy-
sis for 74 patients (75.5%): Genotype D was identified in

all samples on the basis of criteria used by Lindh et al
(16). Three typical restriction profiles were observed: D2
pattern (uncut with Avall and three bands 306, 88b, and
52bp with Dpnll) was found in 71 cases (96.0%).

Table 2. Obtained Profiles and Accordance between Expected and Noticed Restriction Profiles for 24 Samples which were un-geno-

typed by RFLP
Genotype Expected restrictions profiles resulting Noticed restriction profiles?resulting No. of each noticed
from digestion with from digestion with profile
Dpnll Avall DpnlIl Avall
Genotype D (306-88-52) 446 (306-88-52) (145-301) 7
(306-88-52) 446 (306-88-37-15) (145-301) 1
(306-52-88) 446 (358-88) 446 3
(123-52-88) 263 (175-88) 263 1
(306-52-88) 446 (358-88) (145-301) 1
Genotype A (306-88-40) 434 2
(306-88-31) 425 2
(306-88-52) 446 (213-88-52) 353 1
(278-88-26) 392 1
(303-88-43) 434 1
(318-109-52) (301-121-57) (318-88-21-52) (301-121-57) 3
(318-109-52) (358-121) (318-88-21-52) (358-121) 1

4 Noticed restriction profiles: atypical restriction profiles

Hepat Mon. 2013;13(10):e11781
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For two patients (2.7%), a profile, known as D1 pattern
and characterized by one band of 446 bp with Avall and
four bands 306, 67, 52, and 21 bp with Dpnll, was detect-
ed. Only one patient (1.3%) showed a D-del pattern cor-
responding to one band at 263bp with Avall and three
bands at 123, 88, and 52 bp with Dpnll. For the remaining
24 samples (24.5%), atypical patterns were observed with
a failure to identify genotype (Table 2).

4.3. Confirmation of Results of RFLP Analysis by
Partial Sequencing

Partial sequencing was performed for all samples to ver-
ify obtained results by PCR-RFLP; it confirmed infection
by genotype D for 74 samples having typical profiles by
RFLP (samples characterized by D1, D2, and D-del pattern).

Figure 1. Phylogenetic Tree Based on the Analysis of a 328-bp Fragment
in pre-S Gene
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The tree includes eight reference sequences representative of genotype
(A-H) and 95 Tunisian sequences from those studied in this work. Se-
quences of this work were indicated by the laboratory code followed by
the country code (TUN) and the year of isolation. The reference sequences
were indicated by their GenBank Accession number followed by the geno-
type designation.

4

For 24 remaining isolates which were un-typeable iso-
lates, genotype D and A were observed in 20 and 4 cases,
respectively. Overall, prevalence of two detected geno-
types was 96% (Genotype D) and 4% (Genotype A). Figure
1shows a phylogenetic tree obtained from GenBank after
comparison with selected sequences.

In un-typed samples by RFLP analysis, nucleotide se-
quence was studied to search for an eventual modifica-
tion in restriction sites by digesting enzymes used to
explain atypical profiles. An addition of one and/or two
restriction sites was observed in 50% of cases (n =12/24)
and a punctual disappearance of the site in 16.7% of cases
(n=4/24).In seven cases (29.2%), a deletion of more than
three nucleotides was observed. In one case (4.2%) an ad-
dition and a disappearance of at least one restriction site
was detected, simultaneously. The agreement between
modifications in sites of restriction and identified geno-
type by partial sequencing was reported in Table 2.

4.4. Association of Atypical Profiles With Clinical
Status, Age, and Viral Load

Atypical patterns were highly detected in PLD group
(66.7%, 16/24) compared to CAH (25%, 6/24) and IC (8.3%,
2/24) (Figure 2). These atypical profiles were also observed
more frequently in aged patients ranging from 24 to 71
years old (Mean age = 47.3, P = 0.01); however, no signifi-
cant association was observed with viral load.

Figure 2. Frequency of Atypical Profiles in Each Clinical Status

70% 66,7%
60%
50%
40%
30%
20%
10% 8,3%
0%

IC CAH PLD

Ic, inactive carriers; CAH, chronic active hepatitis; PLD, progressive liver
disease

5. Discussion

In the current study, the most common genotype was
genotype D which was detected in 96% of cases. These re-
sults are in agreement with previous data derived from
HBV infected patients originating from Tunisia, confirm-
ing a predominance of genotype D in the country (19,
20). Genotype D prevails in all Mediterranean regions; it
was reported in more than 50% of HBV infected patients
from south of Europe (21). It seems that the genotype D is
predominant in some other countries from the Maghreb
like Morocco and Algeria which was observed in more
than 87% and 93% of studied cases, respectively (18, 22-24).

Hepat Mon. 2013;13(10):e11781
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In other genotypes and in accordance to what was de-
scribed previously, genotype A was identified in only 4%
of studied samples; so it can be considered as one of the
occasional identified genotypes in the country (19, 20).

Herein, the genotyping method used was a PCR-RFLP;
compared to sequencing, this method is known to be rel-
atively simple, fast, and not too expensive (25, 26). When
performed in the Pre-S region, a PCR-RFLP allowed a de-
tection for some genotypes easier than other techniques,
in particular for genotype D (16). This genotype is known
to have a specific 33-nucleotide deletion in the Pre-S1 re-
gion allowing generation of a specificamplicon of 446pb
instead of 479pb expected and observed for all other
genotypes (27, 28). Furthermore, strains from genotype
D lacked Avall restriction site, giving also a characteris-
tic uncut band of 446 bp after Avall digestion. All these
factors make a PCR-RFLP in the Pre-S region so useful for
genotype classification. So, this method was used largely
throughout the world especially in regions where geno-
type D was predominant (18, 29, 30). In fact, the most of
Tunisian and Moroccan studies performed this method
successfully to identify circulating genotypes (20). More-
over, to distinguish between genotypes, when PCR-RFLP
is performed in Pre-S region which is small in size, , less
restriction enzyme is required. .

In the current study, PCR-RFLP allowed easily the distinc-
tion between genotypes D and A in studied population
according to published determinative patterns (16). In
fact, in this study, three different patterns (D1, D2, and D-
del) were obtained for genotype D with predominance of
D2.These results are in agreement with previous Tunisian
studies where the profile D2 was the most prevalent (20).
This was also the most common pattern in Morocco and
Turkey which was detected in 100% and 85.9% of studied
population, respectively (18, 30). It seems that RFLP pat-
terns correlated directly with the prevalence of HBV cir-
culating sub-genotypes, since D2 pattern prevails in coun-
tries of Maghreb where D1 and D7 were the most frequent
sub-genotypes (18, 23, 31). However, this profile seems to
be less prevalent in South Africa and Somalia where D3
and D4 sub-genotypes are predominant, respectively (32).
In other countries, a co-circulation of strains with at least
two different sub-genotypes, at comparable proportion,
was shown. For example, in India four D sub-genotypes
were described; D1 was found in 17%, D2 in 29%, D3 in 34%,
and D5 in 20% of studied population (33). The multiplicity
of patterns for the same genotype with variability in their
geographical distribution should be taken into consider-
ation especially in countries where only one genotype
predominantly circulates; it plays, probably, an impor-
tantrole in disease progression and response to antiviral
therapy. Accordingly, ongoing studies are primarily inter-
ested in molecular aspects of genotype D sub-genotypes
and mutations in different regions of the genome rather
than comparison between different genotypes to under-
stand the evolution of chronic hepatitis B (34).

In this study, a correct genotyping rate for PCR-RFLP

Hepat Mon. 2013;13(10):e11781

was important, since partial sequencing confirmed the
results obtained from all samples with typical profiles.
For that, we can consider PCR-RFLP a suitable and appro-
priate applicable screening method for HBV genotyping.
However, this technique failed to identify the genotype
in 24.5% of cases making investigation compulsorily to be
completed by another method, such as partial sequenc-
ing, if applicable. Atypical patterns were also reported
by previous studies using the same method with rates
varying from 2.5 to 22.2% (29, 30, 35-38). All these studies
classified these patterns as genotype D when investiga-
tion was completed by direct sequencing. This disadvan-
tage was also reported for other methods such as PCR-
hybridization or type-specific primers amplification, and
also for other HBV genotypes (29, 30, 35-40). The limit to
genotyping in all these cases was probably due to high
variability of HBV with modification in expected restric-
tion profiles for used enzymes (41). Current results con-
firmed that hypothesis since 24 atypical profiles were de-
tected; they were explained by either adding one or more
restriction sites or disappearing at least one restriction
site (41). These atypical profiles were observed especially
after a long evolution of the disease, since they were sig-
nificantly associated with advanced age and PLD rather
than groups of CAH and IC. These findings support pre-
vious reports about chronic HBV infection, which was
characterized, in its ultimate stages, by an accumulation
of mutations under host immune pressure (34, 42-46).
Finally, atypical profiles could be explained by inability
of the method used in this study to distinguish between
eight sub-genotypes described for Genotype D (31) or to
detect genotypes G and H (16). However, this hypothesis
is very unlikely because, up to now, there was no report of
circulation for these two genotypes, neither in the coun-
try nor in most of Mediterranean countries. In fact, these
two genotypes were known to have a limited geographi-
cal circulation. Genotype G was known to be circulating
in some European countries (4) and in North America (11,
47),and genotype H in Central America (11, 48). In conclu-
sion, the results from this studied population suggest
that RFLP, which was frequently used for HBV genotyping
in a routine clinical virology laboratory setting, has some
additional limitations. They are raised from atypical pro-
files observed especially in advanced stages of chronic in-
fection. Heterogeneous sequences of sample populations
may cause problems in the genotyping using only one
method. In these cases both methods and supplemental
tests might be necessary.

Acknowledgements

The authors would like to acknowledge their gratitude
to “Tunisian Secretariat of State for Scientific Research
and Technology; SERST for their financial support.

Author's Contributions
Ouneissa Rim and Bahri Olfa: Conceived the study, par-



OuneissaR et al.

ticipated in its design, data analysis, drafting and dis-
cussing of the manuscript. Ouneissa Rim and Ben Yahia
Ahlem: carried out the molecular tests, sequence align-
ment and phylogenetic analysis. Ouneissa Rim and Touzi
Henda: carried out PCR-RFLP analysis and contribute to
the analysis and interpretation of the data. Ben Mami
Nabyl and Azouz Mohamed Msaddak: were responsible
for patient’s inclusion and sample’s collection. Triki Hen-
da: Coordinated the research effort and the whole work
team. All authors read and approved the final manu-
script.

Financial Disclosure

There is no financial disclosure.

Funding/Support

This study was supported in part by a grant from the
“Tunisian Secretariat of State for Scientific Research and
Technology; SERST", (LR: Hépatites et Maladies virales épi-
démiques, Contract: LRO5SP02).

References

1. Perz JF, Armstrong GL, Farrington LA, Hutin Y], Bell BP. The con-
tributions of hepatitis B virus and hepatitis C virus infections
to cirrhosis and primary liver cancer worldwide. | Hepatol.
2006;45(4):529-38.

2. Norder H,Hammas B, Lofdahl S, Courouce AM, Magnius LO. Com-
parison of the amino acid sequences of nine different serotypes
of hepatitis B surface antigen and genomic classification of the
corresponding hepatitis B virus strains. ] Gen Virol. 1992;73 ( Pt
5):1201-8.

3. Okamoto H, Tsuda F, Sakugawa H, Sastrosoewignjo RI, Imai M,
Miyakawa Y, et al. Typing hepatitis B virus by homology in nucle-
otide sequence: comparison of surface antigen subtypes. | Gen
Virol.1988;69 ( Pt10):2575-83.

4. Stuyver L, De Gendt S, Van Geyt C, Zoulim F, Fried M, Schinazi RF,
et al. A new genotype of hepatitis B virus: complete genome and
phylogenetic relatedness. | Gen Virol. 2000;81(Pt 1):67-74.

5. ErhardtA, Blondin D, Hauck K, Sagir A, Kohnle T, Heintges T, et al.
Response to interferon alfa is hepatitis B virus genotype depen-
dent: genotype A is more sensitive to interferon than genotype
D. Gut.2005;54(7):1009-13.

6. Sumi H, Yokosuka O, Seki N, Arai M, Imazeki F, Kurihara T, et al.
Influence of hepatitis B virus genotypes on the progression of
chronic type B liver disease. Hepatology. 2003;37(1):19-26.

7. Ding X, Mizokami M, Yao G, Xu B, Orito E, Ueda R, et al. Hepatitis
B virus genotype distribution among chronic hepatitis B virus
carriers in Shanghai, China. Intervirology. 2001;44(1):43-7.

8. Kao]JH, Chen PJ, Lai MY, Chen DS. Hepatitis B genotypes correlate
with clinical outcomes in patients with chronic hepatitis B. Gas-
troenterology. 2000;118(3):554-559.

9. Thakur V, Guptan RC, Kazim SN, Malhotra V, Sarin SK. Profile,
spectrum and significance of HBV genotypes in chronic liver dis-
ease patients in the Indian subcontinent. ] Gastroenterol Hepatol.
2002;17(2):165-70.

10.  Devarbhavi HC, Cohen A], Patel R, Wiesner RH, Dickson RC, Ishi-
tani MB. Preliminary results: outcome of liver transplantation
for hepatitis B virus varies by hepatitis B virus genotype. Liver
Transpl. 2002;8(6):550-5.

1. Kao JH. Hepatitis B viral genotypes: clinical relevance and mo-
lecular characteristics. ] Gastroenterol Hepatol. 2002;17(6):643-50.

12.  Sakai T, Shiraki K, Inoue H, Okano H, Deguchi M, Sugimoto K, et
al. HBV subtype as a marker of the clinical course of chronic HBV
infection in Japanese patients. | Med Virol. 2002;68(2):175-81.

13.  Naito H, Hayashi S, Abe K. Rapid and specific genotyping system

14.

15.

16.

17.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

for hepatitis B virus corresponding to six major genotypes by
PCR using type-specific primers. | Clin Microbiol. 2001;39(1):362-
-4.

Osiowy C, Giles E. Evaluation of the INNO-LiPA HBV genotyping
assay for determination of hepatitis B virus genotype. J Clin Mi-
crobiol. 2003;41(12):5473-7.

Lindh M, Andersson AS, Gusdal A. Genotypes, nt 1858 variants,
and geographic origin of hepatitis B virus-large-scale analysis
using a new genotyping method. ] Infect Dis. 1997;175(6):1285-93.
Lindh M, Gonzalez JE, Norkrans G, Horal P. Genotyping of hepa-
titis B virus by restriction pattern analysis of a pre-S amplicon. |
Virol Methods. 1998;72(2):163-174.

Mizokami M, Nakano T, Orito E, Tanaka Y, Sakugawa H, Mukaide
M, et al. Hepatitis B virus genotype assignment using restriction
fragment length polymorphism patterns. FEBS Lett. 1999;450(1-
2):66-71.

Ezzikouri S, Chemin I, Chafik A, Wakrim L, Nourlil ], Malki AE, et
al. Genotype determination in Moroccan hepatitis B chronic car-
riers. Infect Genet Evol. 2008;8(3):306-12.

Ayed K, Gorgi Y, Ayed-Jendoubi S, Aouadi H, Sfar I, Najjar T, et al.
Hepatitis B virus genotypes and precore/core-promoter muta-
tions in Tunisian patients with chronic hepatitis B virus infec-
tion. ] Infect. 2007;54(3):291-7.

Bahri O, Cheikh I, Hajji N, Djebbi A, Maamouri N, Sadraoui A, et
al. Hepatitis B genotypes, precore and core promoter mutants
circulating in Tunisia. | Med Virol. 2006;78(3):353-7.

Zehender G, Ebranati E, Gabanelli E, Shkjezi R, Lai A, Sorrentino C,
et al. Spatial and temporal dynamics of hepatitis B virus D geno-
type in Europe and the Mediterranean Basin. PLoS One. 2012;7(5).
Khelifa F, Thibault V. [Characteristics of hepatitis B viral strains
in chronic carrier patients from North-East Algeria]. Pathol Biol
(Paris). 2009;57(1):107-13.

Kitab B, El Feydi AE, Afifi R, Derdabi O, Cherradi Y, Benazzouz M,
et al. Hepatitis B genotypes/subgenotypes and MHR variants
among Moroccan chronic carriers. ] Infect. 2011;63(1):66-75.

Kitab B, Essaid El Feydi A, Afifi R, Trepo C, Benazzouz M, Essamri
W, et al. Variability in the precore and core promoter regions of
HBV strains in Morocco: characterization and impact on liver
disease progression. PLoS One. 2012;7(8):e42891.

Bartholomeusz A, Schaefer S. Hepatitis B virus genotypes: com-
parison of genotyping methods. Rev Med Virol. 2004;14(1):3-16.
Guirgis BS, Abbas RO, Azzazy HM. Hepatitis B virus genotyp-
ing: current methods and clinical implications. Int J Infect Dis.
2010;14(11):941-53.

Kramvis A, Kew M, Francois G. Hepatitis B virus genotypes. Vac-
cine.2005;23(19):2409-23.

Weber B. Genetic variability of the S gene of hepatitis B virus:
clinical and diagnostic impact. J Clin Virol. 2005;32(2):102-12.
Kaklikkaya N, Sancaktar M, Guner R, Buruk CK, Koksal I, Tosun I,
et al. Hepatitis B virus genotypes and subgenotypes in the East-
ern Black Sea region of Turkey. Saudi Med J. 2012;33(6):622-6.
Sunbul M, Leblebicioglu H. Distribution of hepatitis B virus
genotypes in patients with chronic hepatitis B in Turkey. World
J Gastroenterol. 2005;11(13):1976-80.

Meldal BH, Moula NM, Barnes IH, Boukef K, Allain JP. A novel hep-
atitis B virus subgenotype, D7, in Tunisian blood donors. | Gen
Virol. 2009;90(Pt 7):1622-8.

Norder H, Courouce AM, Coursaget P, Echevarria |M, Lee SD,
Mushahwar IK, et al. Genetic diversity of hepatitis B virus strains
derived worldwide: genotypes, subgenotypes, and HBsAg sub-
types. Intervirology. 2004;47(6):289-309.

Chandra PK, Biswas A, Datta S, Banerjee A, Panigrahi R, Chakrab-
arti S, et al. Subgenotypes of hepatitis B virus genotype D (D1, D2,
D3 and D5) in India: differential pattern of mutations, liver in-
jury and occult HBV infection. | Viral Hepat. 2009;16(10):749-56.
Ouneissa R, Bahri O, Alaya-Bouafif NB, Chouaieb S, Ben Yahia
A, Sadraoui A, et al. Frequency and clinical significance of core
promoter and precore region mutations in Tunisian patients in-
fected chronically with hepatitis B. | Med Virol. 2012;84(11):1719-26.
Banerjee A, Banerjee S, Chowdhury A, Santra A, Chowdhury S,
Roychowdhury S, et al. Nucleic acid sequence analysis of basal
core promoter/precore/core region of hepatitis B virus isolated

Hepat Mon. 2013;13(10):e11781



OuneissaR et al.

36.

37.

38.

39.

40.

41.

42.

from chronic carriers of the virus from Kolkata, eastern India:
low frequency of mutation in the precore region. Intervirology.
2005;48(6):389-99.

Kato H, Ruzibakiev R, Yuldasheva N, Hegay T, Kurbanov F, Ac-
hundjanov B, et al. Hepatitis B virus genotypes in Uzbekistan
and validity of two different systems for genotyping. | Med Virol.
2002;67(4):477-83.

Liu SF, Hsieh MH, Hou NJ, Hsieh MY, Huang JF, Dai CY, et al. Hepa-
titis B virus genotyping by enzyme-linked immunosorbent assay
in Taiwan. Hepatol Int. 2010;4(3):601-7.

Sertoz RY, Erensoy S, Pas S, Ozacar T, Niesters H. Restriction frag-
ment length polymorphism analysis and direct sequencing for
determination of HBV genotypes in a Turkish population. New
Microbiol. 2008;31(2):189-94.

Ali MM, Hasan F, Ahmad S, Al-Nakib W. Comparative evaluation
of INNO-LiPA HBV assay, direct DNA sequencing and subtractive
PCR-RFLP for genotyping of clinical HBV isolates. Virol J. 2010;7:111.
Lim CK, Tan T, Khoo JB, Ravichandran A, Low HM, Chan YC, et al.
Correlations of HBV genotypes, mutations affecting HBeAg ex-
pression and HBeAg/ anti-HBe status in HBV carriers. Int ] Med Sci.
2006;3(1):14-20.

Rodriguez-Novoa S, Gomez-Tato A, Aguilera-Guirao A, Castroagu-
din ], Gonzalez-Quintela A, Garcia-Riestra C, et al. Hepatitis B vi-
rus genotyping based on cluster analysis of the region involved
in lamivudine resistance. J Virol Methods. 2004;115(1):9-17.

Cao Z,Bai X, Guo X, Jin Y, Qian G, Tu H. High prevalence of hepati-
tis Bvirus pre-S mutation and its association with hepatocellular

Hepat Mon. 2013;13(10):e11781

43.

44.

45.

46.

47.

48.

carcinoma in Qidong, China. Arch Virol. 2008;153(10):1807-12.
Chen BF, Liu CJ,Jow GM, Chen P],Kao JH, Chen DS. High prevalence
and mapping of pre-S deletion in hepatitis B virus carriers with
progressive liver diseases. Gastroenterology. 2006;130(4):1153-68.
Chen CH, Hung CH, Lee CM, Hu TH, Wang JH, Wang ]C, et al. Pre-S
deletion and complex mutations of hepatitis B virus related to
advanced liver disease in HBeAg-negative patients. Gastroenterol-
0gy.2007;133(5):1466-74.

Khan A, Al Balwi MA, Tanaka Y, Hajeer A, Sanai FM, Al Abdulkarim
I, et al. Novel point mutations and mutational complexes in the
enhancer II, core promoter and precore regions of hepatitis B
virus genotype D1 associated with hepatocellular carcinoma in
Saudi Arabia. Int ] Cancer. 2013;133(12):2864-71.

Preikschat P, Gunther S, Reinhold S, Will H, Budde K, Neumayer
HH, et al. Complex HBV populations with mutations in core pro-
moter, C gene, and pre-Sregion are associated with development
of cirrhosis in long-term renal transplant recipients. Hepatology.
2002;35(2):466-77.

Westland C, Delaney Wt, Yang H, Chen SS, Marcellin P, Hadziyan-
nis S, et al. Hepatitis B virus genotypes and virologic response in
694 patients in phase III studies of adefovir dipivoxill. Gastroen-
terology. 2003;125(1):107-16.

Norder H, Courouce AM, Magnius LO. Complete genomes, phylo-
genetic relatedness, and structural proteins of six strains of the
hepatitis B virus, four of which represent two new genotypes.
Virology.1994;198(2):489-503.



