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Abstract

Background: A higher prevalence of hepatitis B virus (HBV) infection has been reported in persons with intellectual disability as
well as the nurses working in closed institutions compared to the general population.
Objectives: In the present study, the serological and molecular markers of HBV infection in individuals with intellectual disability
of closed institutions were investigated.
Methods: Blood samples were derived from 400 persons with intellectual disability living in six institutions in Tehran and tested
for HBsAg and HBcAb. Nested PCR, direct sequencing, and phylogenetic analysis were performed to determine the HBV genotypes
and mutational patterns of HBsAg. Also, HBsAb was tested for HBV DNA positive cases.
Results: Twenty-eight (7.0%) patients were positive for the HBsAg serological test. Furthermore, six HBV occult cases were identified.
In total, out of 41 patients with HBV infection markers, 26 cases were positive for HBV DNA. Of these patients, 15 full-length HBsAg
were successfully amplified and sequenced. All strains belonged to genotype D and subtypes ayw2 and ayw3. These 15 isolated strains
carried several immune escape mutants in the S genes. Surprisingly, mutations related to antiviral resistance were detected in the
overlapped pol genes of strains isolated from naïve-treatment patients.
Conclusions: The observed frequency of HBV infection in individuals with intellectual disability was higher than the reported es-
timation of HBV infection in Iranian blood donors and the general population. All HBV isolates from these patients represented
a homogenous genotype and corresponded with other reported strains from Mediterranean countries. The high frequency of im-
mune escape strains, despite vaccination and detection of identical mutational patterns in different genes, might indicate that
persons with intellectual disability have shared vaccine-escape and drug-resistant HBV strains.
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1. Background

Even half a century after the development of the hep-
atitis B virus (HBV) vaccine, HBV infection is still a serious
public health problem. HBV is recognized as one of the
seven known human oncogenic viruses and is responsible
for one of the highest yearly mortality rates (1). A high
genome diversity allows HBV to evade the host immune
system, develop resistant mutations against antiviral ther-
apy (at P gene) and vaccination, and generate diagnosis-
escaping variants (at the S gene) (2). Of note, naturally
occurring mutations associated with drug resistance have
been detected in treatment-naïve individuals and can be

transmitted from person to person (3). These biological
characteristics of HBV pose major challenges for the elim-
ination of the virus. Therefore, HBV control is currently a
priority to public health authorities. To this end, screening,
vaccination, and monitoring of infected cases in high-risk
groups is strongly recommended (4-6).

HBV is a blood borne virus and is transmitted through
perinatal, sexual and parenteral/percutaneous routes. The
high stability of HBV at room temperature (compared to
other blood-borne viruses) (7), increases the chance of
transmission through close contact in overcrowded places
like prisons, refugee camps, and healthcare facilities (8-11).
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Furthermore, the risk of transmitting HBV is further en-
hanced by poor sanitation and aggressive behaviour in in-
stitutions for people with intellectual disability (12). Be-
sides patients, also treating nurses/physicians are at risk of
getting infected infection; especially people taking care of
aggressive patients (13).

In Iran, the implementation of the national vaccina-
tion against HBV has significantly decreased the HBV preva-
lence (14). Recent epidemiological studies among the Ira-
nian general population and blood donors reported the
circulation of HBV genotype D in chronic carriers (14). De-
spite a few studies performed in high-risk groups, there is
a lack of data characterizing the HBV strains circulating in
persons with intellectual disability in Iran.

2. Objectives

In this study we applied molecular analysis to deter-
mine the seroprevalence of HBV in individuals with intel-
lectual disability. For the first time, this report will provide
valuable information of HBV infection among this vulner-
able population in Iran.

3. Methods

This study was approved by the Ethics Committee of
Shahid Beheshti University of Medical Sciences with ap-
proval number 25-1580-1393-122 and is in accordance with
the Helsinki declaration of 1964. Individuals with intel-
lectual disability from six different institutions in Tehran,
Iran, were included in this study.

Inclusion criteria were defined based on census-based
sampling. Informed consent was obtained from patient’s
parents or their guardian. Blood samples were taken after
obtaining permission of the center director and based on
the patient readiness for sampling. For instance, in some
cases the patient mental state and aggressiveness could
impede the sample collection. Individuals recruited in this
study were semi-private and protected patients that suf-
fered from mental and physical retardation. Institution-
alized patients received treatment such as physiotherapy,
occupational therapy and speech therapy for the intellec-
tual disability patients. The patients had been admitted to
the center by their families or without family supervision.

Blood samples were collected during 2011 - 13. Demo-
graphic data including age, sex, type of disability, period
of visit to the centre, and HBV vaccination history were
obtained through a questionnaire. HBV vaccination was
reported by evaluating the patient files. If there was no
record of HBV vaccination or incomplete vaccination, the

patient was reported as HBV vaccination naive. If no vac-
cine card was available, the patient was recorded as un-
available data for vaccination.

HBV serological markers, including HBsAg and HB-
cAb, were determined for all patients, while HBsAb was
only checked for HBV DNA positive cases (bioELISA-, Spain,
Barcelona). Viral DNA was extracted from sera using the
QIAmp® Viral DNA mini kit (QIAGEN, Hilden, Germany) in
patients who were either HBsAg or HBcAb positive. To am-
plify the complete HBsAg gene, an in-house nested PCR
technique was employed (15). Bi-directional sequencing
was conducted using the ABI PRISM Big Dye® Terminator
cycle sequencing reaction kit (Applied Biosystems, Foster
City, CA, USA) on an ABI PRISM 3130 automated sequencer.
Primer-walking was performed and a consensus sequence
was generated by assembling the S gene segments using
the SeqMan II® software (DNAStar Inc., Madison, Wiscon-
sin, USA). Sequences were submitted to NCBI GenBank un-
der accession numbers KY225828-KY225842. Possible re-
combination events were investigated using the SimPlot
software, version 3.5.1. A nucleotide BLAST and a web-based
HBV genotyping program were used to determine HBV
genotypes. To confirm the genotyping results, a phyloge-
netic analysis was performed. HBV S gene sequences were
extracted from NCBI GenBank and aligned using ClustalW,
version 1.83. A neighbour joining tree was constructed
under the Kimura 2-parameter substitution model using
MEGA software V6. The reliability of the pairwise compar-
ison and the phylogenetic tree analysis were assessed by
bootstrapping using 1000 replicates. Genotypes were de-
termined by comparing the full-length HBsAg to the NCBI
reference sequences representing all HBV genotypes and
subgenotypes. HBV subtypes were assigned based on the
amino acid sequences of the surface antigen region. Data
analysis was performed using SPSS (Ver. 17.0, Chicago, IL)
and R software (version 2.10.1). Categorical data were com-
pared using the chi-square or Fisher exact test as appropri-
ate. Numerical variables were analysed using the indepen-
dent sample t-tests. Statistical significance was considered
at two-sided P < 0.05.

4. Results

Samples were collected from 215 (53.8%) males and 185
(46.3%) females who were hospitalized for the duration of 1
to 30 years (mean± SD: 11.1± 4.9 years). The studied popu-
lation included 293 (73%) persons with intellectual disabil-
ity, 53 (13.0%) patients with Down’s syndrome, 42 (10.5%) pa-
tients with cerebral palsy (CP), and 13 (3.2%) patients with
autism. The mean ± SD age of hospitalization was 4.53
± 3.22 (0 - 13 years). HBV vaccination status was positive,
negative, and unavailable in 194 (48.5%), 56 (14.0%), and 150
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(37.5%) patients respectively (Table 1). Out of 400 samples,
28 (7.0%) and 41 (10.3%) were positive for HBsAg and HBcAb
respectively. There was no statistically significant relation-
ship between HBsAg/HBcAb positivity and age, gender, pe-
riod of attendance, clinical manifestations, or vaccination
history (P > 0.1) (Table 2). From 41 HBcAb-positive patients,
HBV DNA was detected in 26 individuals, of which 20 pa-
tients were HBsAg positive and six HBsAg negative. There
was no statistically significant relationship between HBV
DNA detection and age, gender, period of attendance, or
clinical history (all P > 0.1) (Table 2). HBV infection among
different centers varied significantly (P < 0.01) between 2%
- 17%.

From 15 patients, partial S genes (full-length of HBsAg,
681 base pairs) were successfully sequenced and 11 out of
15 individuals showed anti-HBs antibodies in their sera (Ta-
ble 3). Phylogenetic analysis of the 15 partial S genes and 72
strains derived from Genbank revealed that all identified
strains belonged to genotype D (Figure 1). HBV subtypes
were determined for all sequenced strains (n = 15) based on
the amino acid motives in positions 122, 127, 140, 159, and
160 in the surface antigen region. This analysis presented
two different types of HBV subtypes circulating in the stud-
ied population: ayw2 (n = 14, 93%) and ayw3 (n = 1, 7%) (Ta-
ble 3). Although, no deletion, insertion, or recombination
events were identified, several mutations were detected in
the HBsAg region. Two stop codons were detected, one
strain showed C69* while the other strain carried W182* at
the HBsAg protein (Figure 2). The mutations, observed in
the deduced HBsAg, have been depicted in Figure 2, and
the medical importance of these mutations in the S gene
has been explained in Table 4. The frequency and type of
mutation in the HBsAg protein had no statistically signifi-
cant relationships with the age or sex of the HBV-infected
patients. Although the evaluation of resistance to antiviral
therapy was not the main goal of this study, translation of
the sequenced S gene into the ORF of the Pol gene revealed
that eight out of 15 strains harboured antiviral resistance
mutations in the reverse transcriptase domain of the poly-
merase gene. Surprisingly, none of these patients had any
record of antiviral therapy.

5. Discussion

In this study, a higher prevalence of HBsAg (7%) was
found in institutionalized patients with mental disability
compared to the general population. Also, this number
is higher than the HBV prevalence among high risk group
(drug users, sex workers and prisoners) that is estimated at
4.8% (95% confidence interval: 3.6% - 6.1%) in Iran.

In contrast, HBcAb was detected in 10.3% of the study
population, which is lower than the general population

Figure 1. Neighbor-joining phylogenetic tree based on complete HBsAg from 15 Ira-
nian strains and 94 reference strains with different genotypes of HBV retrieved from
the GenBank. A Woolly Monkey stain sequence (AY 226578) was used as an out-group.
The complete HBsAg from this study is marked by red circle. HBV non- D branches
were compressed. The numbers at the nodes represent the percentages of the boot-
strap support values (1,000 replicates).

(24). The high seroprevalence of HBsAg found in our study
(7%) corresponds to previous reports of HBV infection in
disabled children (8%) from Iran in 2003 (25). Considering
the mean age of the study population (11 years), most pa-
tients were born after the implementation of the national
vaccination programme for neonates in Iran in 1993. Of
note, we were unable to obtain vaccination data for 37%
of the study population due to missing vaccination cards,
which could have an impact on the absolute vaccination
coverage. For instance, some patients were homeless at
the moment of hospitalization and no vaccination data
could be retrieved. The high prevalence of HBsAg could
be related to the reduced immunocompetence of these pa-
tients (26). However, a recent study rejected this hypothe-
sis and demonstrated a high efficiency of the HBV vaccine
in this group of patients (27). Based on our findings, we hy-
pothesize that some patients were infected via mother-to-
child transmission (MTCT) and that infecting strains were
shared with other patients via horizontal transmission.
Despite HBV vaccination and immunoglobulin adminis-
tration at the time of birth, immunotherapy prophylaxis
can fail if the mother is HBeAg positive and has a high vi-
ral load. The detection of several (73%) vaccine/immuno es-
cape mutants coexisting with HBs antibody supports this
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Table 1. Demographic, Serological, and Clinical Data of the Studied Population

Centers Patients in
Each Center, N

Age, y (Mean
± SD)

Male, No. (%) Female, No.
(%)

HBsAg
Positive, No.

(%)

Anti-HBc
Positive, No.

(%)

Vaccination,
No. (%)

Occult
Infection, No.

(%)

1 21 9.7 ± 2.5 14 (67) 7 (33) 2 (9) 4 (19) 21(100) 2 (9.5)

2 51 11.9 ± 2.9 23 (45) 28 (55) 6 (11) 7 (14) 37 (73) 0 (0)

3 99 11.3 ± 2.8 65 (66) 32 (34) 2 (2) 7 (7) 74 (75) 1 (1)

4 64 4.0 ± 2.3 25 (39) 39 (61) 8 (13) 8 (13) 48 (75) 1 (2)

5 144 12.6 ± 3.4 78 (54) 66 (46) 6 ( 4) 10 (7) 13 (9) 1 (1)

6 23 20.4 ± 5.6 10 (43) 13 (57) 4 (17) 5 (22) 1 (4) 1 (4)

Table 2. Association of Hepatitis B Serum Markers and HBV DNA with Patient’s Demographic and Clinical Characteristic

Laboratory Findings Age, y P Gender (M/F) P Years of Attendance P Clinical Manifestation [Down, CP, MR, Otism],
No. (%)

P History of Vaccination, No. (%) P

HBsAg positive 11.18 ± 6.39 0.96 12/16 0.28 5.32 ± 4.17 0.18 4 (8), 7 (17), 20 (7), 1 (8) 0.17 20 (8) 0.6

HBsAg negative 11.14 ± 4.83 199/173 4.48 ± 3.13 49 (92), 35 (83), 276 (93),12 (92) 230 (92)

HBcAb positive 11.76 ± 5.61 0.40 22/19 0.93 5.13 ± 4.11 0.19 5 (9), 9 (21), 30 (10), 1 (8) 0.19 27 (11) 0.3

HBcAb negative 11.08 ± 4.82 190/169 4.45 ± 3.09 48 (91), 33 (79), 266 (90), 12 (92) 223 (89)

HBV DNA + 12.56 ± 6.03 0.13 12/14 0.41 5.89 ± 4.68 0.13 3 (6), 6 (14),16 (6),1 (8) 0.17 18 (9) 0.1

HBV DNA - 11.07 ± 4.80 204/170 4.44 ± 3.11 50 (94), 36 (86), 276 (94), 12 (92) 232 (91)

Abbreviations: CP, cerebral palsy; F, female; M, male; MR, mental retarded

Table 3. Demographic Data, HBV Serology and Molecular Markers of Patients Derived HBV Sequenced in This Study

Patient ID Gender Age, y Mental
Disease

Type

Center Period of At-
tendance,

y

HBV
Vaccination

History

HBsAg Anti-HBsAg;
Titer,

mIU/mL*

Anti-HBcAg HBV
Genotype

HBV
Subtype

Immune
Escape

Mutations

YMDD
Mutation

MR8 F 12 MR 1 2 Vaccinated Pos 5 Pos D1 ayw2 Pos Pos

MR11 M 6 MR 1 1 Vaccinated Neg 42 Pos D1 ayw2 Neg Neg

MR21 M 11 CP 1 2 Vaccinated Neg 2 Pos D1 ayw2 Pos Neg

MR37 F 13 CP 2 3 Vaccinated Pos 52 Pos D1 ayw2 Pos Pos

MR43 F 14 CP 2 11 Vaccinated Pos 461 Pos D1 ayw2 Neg Neg

MR53 F 14 Down 2 11 Vaccinated Pos 48 Pos D1 ayw2 Neg Neg

MR55 F 14 CP 2 10 Vaccinated Pos 407 Pos D1 ayw2 Pos Neg

MR154 M 13 MR 3 2 Vaccinated Neg 277 Pos D1 ayw2 Neg Neg

MR156 M 9 Au 3 3 Vaccinated Pos 24 Pos D1 ayw2 Neg Neg

MR215 F 4 MR 4 1 Vaccinated Pos 362 Pos D1 ayw2 Pos Pos

MR262 M 21 MR 6 13 No history Neg 4 Pos D1 ayw2 Pos Pos

MR264 F 30 MR 6 13 No history Pos 6 Pos D1 ayw2 Neg Neg

MR312 M 5 MR 5 0 No history Pos 15 Pos D1 ayw2 Pos Pos

MR377 M 11 MR 5 5 No history Pos 276 Pos D1 ayw2 Pos Pos

MR399 F 16 MR 5 10 No history Pos 11 Pos D1 ayw3 Pos Neg

hypothesis in our study. In addition, the identical mu-
tational pattern of the isolates and the identification of
several occult cases (six out of 15) corroborate this idea.
Likewise, the topology of the phylogenetic tree presents
a signature of sharing a common ancestor of circulat-
ing strains among these patients. Particular behavioural
characteristics of retarded patients such as increased inci-
dences of bleeding, fissured or hypertrophied gums or lips,
self-mutilation with bleeding wounds, excessive drooling
or spitting, and scratches or biting may facilitate intra-

group viral transmission (12). In literature, transmission
of HBV (wild or mutans strains) through close contacts has
been documented. For instance, a study performed in the
USA (28) reported the transmission of HBV and other blood
borne viruses (e.g. HIV) among mentally ill residents at a
long term care facility. Confirming horizontal transmis-
sion events requires meticulous phylogenetic analysis by
using HBV full-length genomes (7). However, the low sam-
ple volume/availability and low viral loads restricted this
analysis. HBV infection among different centers varied sig-
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Figure 2. Distribution of amino acid mutations detected within the HBsAg among mentally retarded infected with HBV, the amino acid sequences represent positions at the
99-170 of the HBsAg is considered as Major Hydrophilic Region (MHR). The amino acid variations in the “a determinant” motif are framed in a yellow box.

nificantly (P < 0.01) between 2% - 17%. We could not find
any possible cause for this marked difference based on our
available data.

The detection of HBV genotype D is in line with previ-
ous epidemiological studies in Iran (29, 30) and the neigh-
bouring countries (8, 31, 32). Although HBV D1 is the ma-
jor subgenotype circulating in Iran (33), partial S gene se-
quences in the present study did not provide enough data
for HBV subgenotyping (34). Previously, it has been shown
that HBV subtypes ayw2 and ayw3, which were identified in
this study, are associated with subgenotype D1 (35). In ad-
dition to the epidemiological role of HBV subtypes, it has
been shown that ‘ay’ has less reactivity than ‘ad’ in ELISA as-
says and is accompanied by a lower vaccine response (36).

Single or combined mutations in HBsAg were detected
in 73% of the isolates. These mutations can modulate the
structure of the HBsAg molecule and help the virus to es-
cape vaccine, immunotherapy, or diagnostic assays (37). In
this study, the frequency of naturally occurring MHR mu-
tations was 53.3%, indicating that a significant number of
strains carry one or more mutations in this antigenic motif
(P < 0.05). This rate is much higher than the numbers re-
ported by previous studies involving blood donors (32.8%)
(3) and the general Iranian population (17.2%) (38). Note-
worthy, half of the mutations in MHR were located in the
‘a determinant’ region, which is also higher compared to
previous studies from Iran (3).

In this study, codon 120 was most frequently mutated.
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Table 4. Biochemical Characterization of Amino Acids Within the MHR Region and Their Clinical Importance in Wild Types and Mutants Variants

Position at the
HBsAg

Wild-Type
Amino Acid

Mutant Amino
Acid

Position at “a
Determinant”

Affect
Serological
Diagnosis

Vaccine Escape Mutant Failure
in HBIg Therapy

References

30 Glutamine Histidine No ND ND ND

41 Phenylalanine Serine No Yes ND ND (16)

54 Glutamine Histidine No ND ND ND

69 Cysteine Stop codon No ND ND ND (17, 18)

118 Threonine Methionine Yes Yes ND ND (19)

145 Glutamine Arginine Yes Yes Yes Yes (20)

164 Glutamate Aspartate Yes ND Yes Yes (21)

182 Tryptophan Stop codon No ND No No

195 Isoleucine Methionine No ND Yes Yes (21, 22)

196 Tryptophan Leucine No No Yes No (21, 23)

196 Tryptophan Arginine No ND ND ND

Abbreviation: ND, non-determined

This finding complies with previous studies from Iran (39),
Morocco (40), and Serbia (41), where HBV genotype D is the
predominant circulating strain. This mutation is mostly
detected with HBs antibodies (42), and is responsible for
most diagnostic and vaccine escape mutants in the HBV S
gene (43). Moreover, we identified a variation in codon 145
(G145R) in one strain. Both mutations (P120T and G145R)
are well known as vaccine, immunoglobulin escape caus-
ing mutations that can emerge under immunotherapy or
antiviral therapies (44). Both can be transmitted vertically
and horizontally.

Both upstream and downstream premature stop
codons of the S gene can lead to truncated proteins and
failure in the HBsAg diagnostic assays (45). Two strains
with premature stop codons upstream (sC69*) and down-
stream (sW182*) were identified in the present study. These
mutations were previously reported in Iranian blood
donors and cirrhotic patients (17). Surprisingly, one of
those strains carried P120T along with sW182* and was
presented as HBsAg negative in the serological assay.
However, there was no significant correlation between
identified mutations in isolated strains from occult or
overt cases.

The development of antiviral resistance mutations
in HBV polymerase gene can have major clinical conse-
quences. Furthermore, overlap of the polymerase and sur-
face gene leads to variations that affect invasiveness, vac-
cine efficacy, and the intra-population transmission of the
virus. The detection of antiviral resistance in treatment
naïve patients that harbour viruses with these mutations
increases the public health concern (3). In the present
study, eight out of 15 strains developed single mutations as-

sociated with Lamivudine resistance (rtM204V/I). In seven
strains these mutations were accompanied by rtL180M mu-
tation, and in one strain together with rtL180M, rtV173L,
and rtL80I. Surprisingly, none of our patients had a his-
tory of antiviral treatment. This rate (more than 50%) of
antiviral resistance mutations in treatment naïve patients
is much higher than previously reported (46, 47). This find-
ing highlights the possibility of intra-group transmission
of drug resistant variants. We hypothesize that some cases
were born to HBsAg-positive mother(s) who were under an-
tiviral therapy and had developed antiviral resistance be-
fore delivery. These resistant strains were vertically trans-
mitted to the new-borns. Subsequently, close contact of
children in healthcare institutions provided the setting
for horizontal transmission. Although antiviral resistance
mutations in treatment naïve patients have already been
reported in Iran, the present study is the first report of hor-
izontal transmission and with such a high rate. In line with
our findings, several reports have demonstrated the trans-
mission of HBV antiviral resistance mutations in high-risk
cohorts (48, 49).

Of note, despite the importance of early and complete
HBV vaccination of all health care workers, nurses are
still at significant risk of developing needle stick injuries
and mucocutaneous exposure. Therefore, a continuous
training program to raise awareness of viral blood borne
infection risks is a necessity among nurses. The knowl-
edge about the nature of HBV disease, prevention, treat-
ment and vaccine availability was unsatisfactory in differ-
ent studies (50). This limited knowledge among health
care workers may increase unsafe practices in the institu-
tions (51).
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One important finding in this study was that 81% of
HBsAg positive patients were also positive for HBsAb. HB-
sAg coexistence with HBsAb has been reported previously
among chronic hepatitis B patients with HBsAg mutants.
However, in the present study 60% of patients, who were
positive for HBsAg and HBsAb, were infected by immune es-
caped mutations. Researchers in 2006 and 2007 (52, 53) re-
ported that in CHB patients, the coexistence of HBsAg and
HBsAb was associated with an increase of “a” determinant
variability (region between amino acid residues 99 and 169
which are involved in the binding of antibodies against HB-
sAg). Based on this observation they suggested a selection
of HBV immune escape mutants during chronic carriage
stage (52). The consequences of this selection process with
regard to vaccine efficacy, diagnosis, and clinical evolution
remain partially unknown. In our study, all centers direc-
tors mentioned that all institutionalized patients were reg-
ularly screened based on HBsAb titer. It can be concluded
that if only HBsAb test is used for HBV screening, HBV posi-
tive cases can be missed in mentally retarded centers. Fur-
thermore, we observed a high prevalence of mutations in
“a determinant” region and immune escaped mutations in
HBsAg and HBsAb positive patients.

In conclusion, residing and working in crowded places
with the possibility of close contact has led to the spread of
HBV and can be a potential reservoir for the dissemination
of HBV. This epidemiology of HBV in institutions for per-
sons with intellectual disability, calls for the need of com-
prehensive and national studies in similar establishments.
These studies could have a key role in controlling HBV in
the post-vaccination period.

Footnotes

Authors’ Contribution: All authors have contribution to
all steps of manuscript writing.

Conflict of Interests: Nothing to declare.

Ethical Approval: This study was approved by the Ethics
Committee of Shahid Beheshti University of Medical Sci-
ences with approval number 25-1580-1393-122 and is in ac-
cordance with the Helsinki declaration of 1964.

Funding/Support: This study was supported by the grant
number 13/1293 from the Faculty of Medicine, Shahid Be-
heshti University of Medical Sciences, Tehran, Iran and
written partly based on results of Foad Davodbegloo MSc
thesis. Dr. Mahmoudreza Pourkarim is supported by a
postdoctoral grant from the ‘Fonds voor Wetenschappelijk
Onderzoek (FWO) Vlaanderen’ of Belgium. Marijn Thijssen
is a SB PhD fellow at “Fonds voor Wetenschappelijk Onder-
zoek (FWO) Vlaanderen” of Belgium.
Patient Consent: Informed consent was obtained from
patient’s parents or their guardian. Blood samples were

taken after obtaining permission of the center director
and based on the patient readiness for sampling.

References

1. Mohammadzadeh M, Fattahi B, Ghari T. The estimation of economic
burden of hepatitis B virus infection in Iran.HepatMon. 2017;17(1). doi:
10.5812/hepatmon.40541.

2. Mina T, Amini Bavil Olyaee S, Tacke F, Maes P, Van Ranst M, Pourkarim
MR. Genomic diversity of hepatitis B virus infection associated with
fulminant hepatitis B development. Hepat Mon. 2015;15(6). e29477.
doi: 10.5812/hepatmon.29477v2. [PubMed: 26288637]. [PubMed Cen-
tral: PMC4533131].

3. Pourkarim MR, Amini-Bavil-Olyaee S, Kurbanov F, Van Ranst
M, Tacke F. Molecular identification of hepatitis B virus geno-
types/subgenotypes: Revised classification hurdles and up-
dated resolutions. World J Gastroenterol. 2014;20(23):7152–68. doi:
10.3748/wjg.v20.i23.7152. [PubMed: 24966586]. [PubMed Central:
PMC4064061].

4. Kandelouei T, Hosseini SM, Gachkar L, Keyvani H, Davoodbeglou F,
Vaezjalali M. Reduction in prevalence of hepatitis B surface antigen
among intravenous drug users in Tehran drop-in-centers.Arch Clin In-
fect Dis. 2013;8(2). doi: 10.5812/archcid.15531.

5. Thijssen M, Lemey P, Amini-Bavil-Olyaee S, Dellicour S, Alavian SM,
Tacke F, et al. Mass migration to Europe: An opportunity for elimina-
tion of hepatitis B virus? Lancet Gastroenterol Hepatol. 2019;4(4):315–
23. doi: 10.1016/S2468-1253(19)30014-7. [PubMed: 30860067].

6. Pourkarim MR, Razavi H, Lemey P, Van Ranst M. Iran’s hepatitis elimi-
nation programme is under threat. Lancet. 2018;392(10152):1009. doi:
10.1016/S0140-6736(18)31810-5. [PubMed: 30264697].

7. Pourkarim MR, Van Ranst M. Guidelines for the detection of a com-
mon source of hepatitis B virus infections. Hepat Mon. 2011;11(10):783–
5. doi: 10.5812/kowsar.1735143X.773. [PubMed: 22224075]. [PubMed
Central: PMC3234578].

8. Pourkarim MR, Zandi K, Davani NA, Pourkarim HR, Amini-Bavil-
Olyaee S. An aberrant high prevalence of hepatitis B infection among
Afghans residing in one of the Bushehr refugee camps (Dalaki
camp) in the southwest of Iran. Int J Infect Dis. 2008;12(1):101–2. doi:
10.1016/j.ijid.2007.03.008. [PubMed: 17540600].

9. Koc OM, Robaeys G, Yildirim B, Posthouwer D, Hens S, Koek GH. Hor-
izontal hepatitis B virus transmission through non-sexual close con-
tact in Turkish chronic hepatitis B patients living outside of Turkey.
Acta Gastroenterol Belg. 2018;81(4):503–8. [PubMed: 30645919].

10. Hu LP, Liu DP, Chen QY, Harrison TJ, He X, Wang XY, et al. Oc-
cult HBV infection may be transmitted through close contact and
manifest as an overt infection. PLoS One. 2015;10(10). e0138552. doi:
10.1371/journal.pone.0138552. [PubMed: 26457811]. [PubMed Central:
PMC4601727].

11. Seremba E, Van Geertruyden JP, Ssenyonga R, Opio CK, Kaducu JM,
Sempa JB, et al. Early childhood transmission of hepatitis B prior
to the first hepatitis B vaccine dose is rare among babies born to
HIV-infected and non-HIV infected mothers in Gulu, Uganda. Vac-
cine. 2017;35(22):2937–42. doi: 10.1016/j.vaccine.2017.04.020. [PubMed:
28434689]. [PubMed Central: PMC5529605].

12. Davoodbeglou F, Mesdaghi M, Goudarzi H, Shojaei F, Aram H, Vaez-
jalali M. Evaluation of hepatitis B infection prevalence in institution-
alized intellectually disabled children. Novel Biomed. 2016;4(2):61–6.

13. Conradie M, Erwee D, Serfontein I, Visser M, Calitz FJ, Joubert G. A
profile of perceived stress factors among nursing staff working with
intellectually disabled in-patients at the Free State Psychiatric Com-
plex, South Africa. Curationis. 2017;40(1):e1–8. doi: 10.4102/curatio-
nis.v40i1.1578. [PubMed: 28397510]. [PubMed Central: PMC6091609].

Hepat Mon. 2019; 19(9):e85661. 7

http://dx.doi.org/10.5812/hepatmon.40541
http://dx.doi.org/10.5812/hepatmon.29477v2
http://www.ncbi.nlm.nih.gov/pubmed/26288637
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4533131
http://dx.doi.org/10.3748/wjg.v20.i23.7152
http://www.ncbi.nlm.nih.gov/pubmed/24966586
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4064061
http://dx.doi.org/10.5812/archcid.15531
http://dx.doi.org/10.1016/S2468-1253(19)30014-7
http://www.ncbi.nlm.nih.gov/pubmed/30860067
http://dx.doi.org/10.1016/S0140-6736(18)31810-5
http://www.ncbi.nlm.nih.gov/pubmed/30264697
http://dx.doi.org/10.5812/kowsar.1735143X.773
http://www.ncbi.nlm.nih.gov/pubmed/22224075
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3234578
http://dx.doi.org/10.1016/j.ijid.2007.03.008
http://www.ncbi.nlm.nih.gov/pubmed/17540600
http://www.ncbi.nlm.nih.gov/pubmed/30645919
http://dx.doi.org/10.1371/journal.pone.0138552
http://www.ncbi.nlm.nih.gov/pubmed/26457811
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4601727
http://dx.doi.org/10.1016/j.vaccine.2017.04.020
http://www.ncbi.nlm.nih.gov/pubmed/28434689
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5529605
http://dx.doi.org/10.4102/curationis.v40i1.1578
http://dx.doi.org/10.4102/curationis.v40i1.1578
http://www.ncbi.nlm.nih.gov/pubmed/28397510
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6091609
http://hepatmon.com


Vaezjalali M et al.

14. Alavian SM, Fallahian F, Lankarani KB. The changing epidemiology
of viral hepatitis B in Iran. J Gastrointestin Liver Dis. 2007;16(4):403–6.
[PubMed: 18193122].

15. Jazayeri MS, Basuni AA, Cooksley G, Locarnini S, Carman WF. Hepatitis
B virus genotypes, core gene variability and ethnicity in the Pacific
region. J Hepatol. 2004;41(1):139–46. doi: 10.1016/j.jhep.2004.03.025.
[PubMed: 15246220].

16. Wu C, Shi H, Wang Y, Lu M, Xu Y, Chen X. A case of hepatitis B reacti-
vation due to the hepatitis B virus escape mutant in a patient under-
going chemotherapy. Virol Sin. 2012;27(6):369–72. doi: 10.1007/s12250-
012-3284-3. [PubMed: 23180290].

17. Veazjalali M, Norder H, Magnius L, Jazayeri SM, Alavian SM, Mokhtari-
Azad T. A new core promoter mutation and premature stop codon
in the S gene in HBV strains from Iranian patients with cirrhosis.
J Viral Hepat. 2009;16(4):259–64. doi: 10.1111/j.1365-2893.2009.01069.x.
[PubMed: 19222745].

18. Datta S, Banerjee A, Chandra PK, Chakraborty S, Basu SK, Chakravarty
R. Detection of a premature stop codon in the surface gene of hep-
atitis B virus from an HBsAg and antiHBc negative blood donor. J
Clin Virol. 2007;40(3):255–8. doi: 10.1016/j.jcv.2007.08.003. [PubMed:
17869170].

19. Zhang M, Ge G, Yang Y, Cai X, Fu Q, Cai J, et al. Decreased antigenic-
ity profiles of immune-escaped and drug-resistant hepatitis B surface
antigen (HBsAg) double mutants. Virol J. 2013;10:292. doi: 10.1186/1743-
422X-10-292. [PubMed: 24053482]. [PubMed Central: PMC3856468].

20. Zheng X, Weinberger KM, Gehrke R, Isogawa M, Hilken G, Kemper T,
et al. Mutant hepatitis B virus surface antigens (HBsAg) are immuno-
genic but may have a changed specificity. Virology. 2004;329(2):454–
64. doi: 10.1016/j.virol.2004.08.033. [PubMed: 15518823].

21. Torresi J. The virological and clinical significance of mutations in the
overlapping envelope and polymerase genes of hepatitis B virus. J Clin
Virol. 2002;25(2):97–106. [PubMed: 12367644].

22. Aghasadeghi MR, Velayati AA, Mamishi S, Nabavi M, Aghakhani A,
Bidari-Zerehpoosh F, et al. Low prevalence of hepatitis B vaccine es-
cape mutants among individuals born after the initiation of a nation-
wide vaccination program in Iran. Arch Virol. 2016;161(12):3405–11. doi:
10.1007/s00705-016-3050-1. [PubMed: 27613286].

23. Lu HY, Zeng Z, Xu XY, Zhang NL, Yu M, Gong WB. Mutations in sur-
face and polymerase gene of chronic hepatitis B patients with coex-
isting HBsAg and anti-HBs. World J Gastroenterol. 2006;12(26):4219–23.
doi: 10.3748/wjg.v12.i26.4219. [PubMed: 16830379]. [PubMed Central:
PMC4087378].

24. Hajarizadeh B, Mesgarpour B, Nasiri MJ, Alavian SM, Merat S, Poustchi
H, et al. Estimating the prevalence of hepatitis B virus infection and
exposure among general population in Iran. Hepat Mon. 2017;17(8).
doi: 10.5812/hepatmon.11715.

25. Sahebjamei M, Nik Bin B, Razavi Armaghanni N. A comparison on
HBsAg and HBsAb prevalence in patients with Down syndrome and
other mentally retarded patients living in retarded children insti-
tutes in Tehran. J Dent Med. 2003;16(1):5–11.

26. Lunding S, Hansen KS, Krogsgaard K, Rosdahl N, Smith E, Wantzin PS.
[Occurrence of hepatitis B and C among mentally retarded]. Ugeskr
Laeger. 1999;161(31):4393–6. Danish. [PubMed: 10487103].

27. Braeckman T, Van Herck K, Jilg W, Bauer T, Van Damme P. Two decades
of hepatitis B vaccination in mentally retarded patients: Effective-
ness, antibody persistence and duration of immune memory. Vac-
cine. 2012;30(32):4757–61. doi: 10.1016/j.vaccine.2012.05.044. [PubMed:
22652400].

28. Jasuja S, Thompson ND, Peters PJ, Khudyakov YE, Patel MT, Lin-
changco P, et al. Investigation of hepatitis B virus and human im-
munodeficiency virus transmission among severely mentally ill res-
idents at a long term care facility. PLoS One. 2012;7(8). e43252. doi:
10.1371/journal.pone.0043252. [PubMed: 22937026]. [PubMed Central:
PMC3425569].

29. Pourkarim MR, Sharifi Z, Soleimani A, Amini-Bavil-Olyaee S, Elsadek
Fakhr A, Sijmons S, et al. Evolutionary analysis of HBV "S" antigen ge-

netic diversity in Iranian blood donors: A nationwide study. J Med Vi-
rol. 2014;86(1):144–55. doi: 10.1002/jmv.23798. [PubMed: 24150816].

30. Asli M, Kandelouei T, Rahimyan K, Davoodbeglou F, Vaezjalali M. Char-
acterization of occult hepatitis B infection among injecting drug
users in Tehran, Iran. Hepat Mon. 2016;16(3). e34763. doi: 10.5812/hep-
atmon.34763. [PubMed: 27226802]. [PubMed Central: PMC4875578].

31. Mumtaz K, Hamid S, Ahmed S, Moatter T, Mushtaq S, Khan A, et al. A
study of genotypes, mutants and nucleotide sequence of hepatitis B
virus in Pakistan: HBV genotypes in pakistan. HepatMon. 2011;11(1):14–
8. [PubMed: 22087110]. [PubMed Central: PMC3206661].

32. Bozdayi G, Turkyilmaz AR, Idilman R, Karatayli E, Rota S, Yurdaydin C,
et al. Complete genome sequence and phylogenetic analysis of hep-
atitis B virus isolated from Turkish patients with chronic HBV infec-
tion. J Med Virol. 2005;76(4):476–81. doi: 10.1002/jmv.20386. [PubMed:
15977237].

33. Pineda-Pena AC, Faria NR, Mina T, Amini-Bavil-Olyaee S, Alavian SM,
Lemey P, et al. Epidemiological history and genomic characterization
of non-D1 HBV strains identified in Iran. J Clin Virol. 2015;63:38–41. doi:
10.1016/j.jcv.2014.12.010. [PubMed: 25600602].

34. Pourkarim MR, Amini-Bavil-Olyaee S, Lemey P, Maes P, Van Ranst M.
Are hepatitis B virus "subgenotypes" defined accurately? J Clin Virol.
2010;47(4):356–60. doi: 10.1016/j.jcv.2010.01.015. [PubMed: 20153973].

35. Kramvis A, Arakawa K, Yu MC, Nogueira R, Stram DO, Kew MC. Rela-
tionship of serological subtype, basic core promoter and precore mu-
tations to genotypes/subgenotypes of hepatitis B virus. J Med Virol.
2008;80(1):27–46. doi: 10.1002/jmv.21049. [PubMed: 18041043].

36. Weber B. Genetic variability of the S gene of hepatitis B virus:
Clinical and diagnostic impact. J Clin Virol. 2005;32(2):102–12. doi:
10.1016/j.jcv.2004.10.008. [PubMed: 15653412].

37. Echevarria JM, Avellon A. Improved detection of natural hepatitis B
virus surface antigen (HBsAg) mutants by a new version of the VITROS
HBsAg assay. J Med Virol. 2008;80(4):598–602. doi: 10.1002/jmv.21146.
[PubMed: 18297712].

38. Mohebbi SR, Amini-Bavil-Olyaee S, Zali N, Damavand B, Azimzadeh
P, Derakhshan F, et al. Characterization of hepatitis B virus genome
variability in Iranian patients with chronic infection, a nationwide
study. J Med Virol. 2012;84(3):414–23. doi: 10.1002/jmv.23200. [PubMed:
22246826].

39. Mohebbi SR, Amini-Bavil-Olyaee S, Zali N, Noorinayer B, Derakhshan
F, Chiani M, et al. Molecular epidemiology of hepatitis B virus
in Iran. Clin Microbiol Infect. 2008;14(9):858–66. doi: 10.1111/j.1469-
0691.2008.02053.x. [PubMed: 18844687].

40. 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. J Infect. 2011;63(1):66–75. doi:
10.1016/j.jinf.2011.05.007. [PubMed: 21640384].

41. Lazarevic I, Cupic M, Delic D, Svirtlih NS, Simonovic J, Jovanovic T.
Prevalence of hepatitis B virus MHR mutations and their correla-
tion with genotypes and antiviral therapy in chronically infected pa-
tients in Serbia. J Med Virol. 2010;82(7):1160–7. doi: 10.1002/jmv.21810.
[PubMed: 20513079].

42. Yeh CT. Development of HBV S gene mutants in chronic hepatitis B pa-
tients receiving nucleotide/nucleoside analogue therapy. Antivir Ther.
2010;15(3 Pt B):471–5. doi: 10.3851/IMP1552. [PubMed: 20516567].

43. Allain JP, Candotti D, Isbt Hbv Safety Collaborative Group. Hep-
atitis B virus in transfusion medicine: Still a problem? Biologi-
cals. 2012;40(3):180–6. doi: 10.1016/j.biologicals.2011.09.014. [PubMed:
22305086].

44. Carman WF. The clinical significance of surface antigen variants
of hepatitis B virus. J Viral Hepat. 1997;4 Suppl 1:11–20. [PubMed:
9097273].

45. Kay A, Zoulim F. Hepatitis B virus genetic variability and evolu-
tion. Virus Res. 2007;127(2):164–76. doi: 10.1016/j.virusres.2007.02.021.
[PubMed: 17383765].

46. Bottecchia M, Madejon A, Puente S, Garcia-Samaniego J, Rivas P, Her-

8 Hepat Mon. 2019; 19(9):e85661.

http://www.ncbi.nlm.nih.gov/pubmed/18193122
http://dx.doi.org/10.1016/j.jhep.2004.03.025
http://www.ncbi.nlm.nih.gov/pubmed/15246220
http://dx.doi.org/10.1007/s12250-012-3284-3
http://dx.doi.org/10.1007/s12250-012-3284-3
http://www.ncbi.nlm.nih.gov/pubmed/23180290
http://dx.doi.org/10.1111/j.1365-2893.2009.01069.x
http://www.ncbi.nlm.nih.gov/pubmed/19222745
http://dx.doi.org/10.1016/j.jcv.2007.08.003
http://www.ncbi.nlm.nih.gov/pubmed/17869170
http://dx.doi.org/10.1186/1743-422X-10-292
http://dx.doi.org/10.1186/1743-422X-10-292
http://www.ncbi.nlm.nih.gov/pubmed/24053482
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3856468
http://dx.doi.org/10.1016/j.virol.2004.08.033
http://www.ncbi.nlm.nih.gov/pubmed/15518823
http://www.ncbi.nlm.nih.gov/pubmed/12367644
http://dx.doi.org/10.1007/s00705-016-3050-1
http://www.ncbi.nlm.nih.gov/pubmed/27613286
http://dx.doi.org/10.3748/wjg.v12.i26.4219
http://www.ncbi.nlm.nih.gov/pubmed/16830379
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4087378
http://dx.doi.org/10.5812/hepatmon.11715
http://www.ncbi.nlm.nih.gov/pubmed/10487103
http://dx.doi.org/10.1016/j.vaccine.2012.05.044
http://www.ncbi.nlm.nih.gov/pubmed/22652400
http://dx.doi.org/10.1371/journal.pone.0043252
http://www.ncbi.nlm.nih.gov/pubmed/22937026
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3425569
http://dx.doi.org/10.1002/jmv.23798
http://www.ncbi.nlm.nih.gov/pubmed/24150816
http://dx.doi.org/10.5812/hepatmon.34763
http://dx.doi.org/10.5812/hepatmon.34763
http://www.ncbi.nlm.nih.gov/pubmed/27226802
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4875578
http://www.ncbi.nlm.nih.gov/pubmed/22087110
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3206661
http://dx.doi.org/10.1002/jmv.20386
http://www.ncbi.nlm.nih.gov/pubmed/15977237
http://dx.doi.org/10.1016/j.jcv.2014.12.010
http://www.ncbi.nlm.nih.gov/pubmed/25600602
http://dx.doi.org/10.1016/j.jcv.2010.01.015
http://www.ncbi.nlm.nih.gov/pubmed/20153973
http://dx.doi.org/10.1002/jmv.21049
http://www.ncbi.nlm.nih.gov/pubmed/18041043
http://dx.doi.org/10.1016/j.jcv.2004.10.008
http://www.ncbi.nlm.nih.gov/pubmed/15653412
http://dx.doi.org/10.1002/jmv.21146
http://www.ncbi.nlm.nih.gov/pubmed/18297712
http://dx.doi.org/10.1002/jmv.23200
http://www.ncbi.nlm.nih.gov/pubmed/22246826
http://dx.doi.org/10.1111/j.1469-0691.2008.02053.x
http://dx.doi.org/10.1111/j.1469-0691.2008.02053.x
http://www.ncbi.nlm.nih.gov/pubmed/18844687
http://dx.doi.org/10.1016/j.jinf.2011.05.007
http://www.ncbi.nlm.nih.gov/pubmed/21640384
http://dx.doi.org/10.1002/jmv.21810
http://www.ncbi.nlm.nih.gov/pubmed/20513079
http://dx.doi.org/10.3851/IMP1552
http://www.ncbi.nlm.nih.gov/pubmed/20516567
http://dx.doi.org/10.1016/j.biologicals.2011.09.014
http://www.ncbi.nlm.nih.gov/pubmed/22305086
http://www.ncbi.nlm.nih.gov/pubmed/9097273
http://dx.doi.org/10.1016/j.virusres.2007.02.021
http://www.ncbi.nlm.nih.gov/pubmed/17383765
http://hepatmon.com


Vaezjalali M et al.

rero D, et al. Detection of hepatitis B virus genotype A3 and pri-
mary drug resistance mutations in African immigrants with chronic
hepatitis B in Spain. J Antimicrob Chemother. 2011;66(3):641–4. doi:
10.1093/jac/dkq484. [PubMed: 21177673].

47. Januszkiewicz-Lewandowska D, Rucka A, Kowala-Piaskowska A,
Bereszynska I, Mozer-Lisewska I, Zajac-Spychala O, et al. Mutations
in Pol gene of hepatitis B virus in patients with chronic hepatitis B
before and after therapy with nucleoside/nucleotide analogues. Acta
Virol. 2014;58(2):185–9. [PubMed: 24957725].

48. Trevino A, Soriano V, Madejon A, Rodriguez C, Barros C, Botec-
chia M, et al. Short communication: Transmission of hepatitis B
viruses with lamivudine resistance mutations in newly diagnosed
HIV individuals. AIDS Res Hum Retroviruses. 2009;25(12):1273–6. doi:
10.1089/aid.2009.0119. [PubMed: 20001517].

49. Fujisaki S, Yokomaku Y, Shiino T, Koibuchi T, Hattori J, Ibe S, et al. Out-
break of infections by hepatitis B virus genotype A and transmission
of genetic drug resistance in patients coinfected with HIV-1 in Japan.
J ClinMicrobiol. 2011;49(3):1017–24. doi: 10.1128/JCM.02149-10. [PubMed:
21248087]. [PubMed Central: PMC3067677].

50. Joukar F, Mansour-Ghanaei F, Naghipour MR, Hasandokht T. Nurses’
knowledge toward hepatitis B and hepatitis C in Guilan, Iran.
OpenNurs J. 2017;11:34–42. doi: 10.2174/1874434601711010034. [PubMed:
28567168]. [PubMed Central: PMC5420166].

51. Mohammadi N, Allami A, Malek Mohamadi R. Percutaneous expo-
sure incidents in nurses: Knowledge, practice and exposure to
hepatitis B infection: Percutaneous exposure incidents in nurses.
Hepat Mon. 2011;11(3):186–90. [PubMed: 22087141]. [PubMed Central:
PMC3206680].

52. Lada O, Benhamou Y, Poynard T, Thibault V. Coexistence of hepatitis
B surface antigen (HBs Ag) and anti-HBs antibodies in chronic hep-
atitis B virus carriers: influence of "a" determinant variants. J Virol.
2006;80(6):2968–75. doi: 10.1128/JVI.80.6.2968-2975.2006. [PubMed:
16501106]. [PubMed Central: PMC1395421].

53. Colson P, Borentain P, Motte A, Henry M, Moal V, Botta-Fridlund
D, et al. Clinical and virological significance of the co-existence of
HBsAg and anti-HBs antibodies in hepatitis B chronic carriers. Vi-
rology. 2007;367(1):30–40. doi: 10.1016/j.virol.2007.05.012. [PubMed:
17573090].

Hepat Mon. 2019; 19(9):e85661. 9

http://dx.doi.org/10.1093/jac/dkq484
http://www.ncbi.nlm.nih.gov/pubmed/21177673
http://www.ncbi.nlm.nih.gov/pubmed/24957725
http://dx.doi.org/10.1089/aid.2009.0119
http://www.ncbi.nlm.nih.gov/pubmed/20001517
http://dx.doi.org/10.1128/JCM.02149-10
http://www.ncbi.nlm.nih.gov/pubmed/21248087
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3067677
http://dx.doi.org/10.2174/1874434601711010034
http://www.ncbi.nlm.nih.gov/pubmed/28567168
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5420166
http://www.ncbi.nlm.nih.gov/pubmed/22087141
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3206680
http://dx.doi.org/10.1128/JVI.80.6.2968-2975.2006
http://www.ncbi.nlm.nih.gov/pubmed/16501106
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1395421
http://dx.doi.org/10.1016/j.virol.2007.05.012
http://www.ncbi.nlm.nih.gov/pubmed/17573090
http://hepatmon.com

	Abstract
	1. Background
	2. Objectives
	3. Methods
	4. Results
	Table 1
	Table 2
	Figure 1
	Figure 2
	Table 3
	Table 4

	5. Discussion
	Footnotes
	Authors' Contribution: 
	Conflict of Interests: 
	Ethical Approval: 
	Funding/Support: 
	Patient Consent: 

	References

