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Abstract

Background: Occult hepatitis B infection (OBI) is defined as the presence of hepatitis B virus (HBV) DNA in the serum
and/or liver in HBsAg-negative individuals. OBI is associated with the risk of viral transmission, especially in developing
countries, and with progressive liver disease and reactivation in immunosuppressive patients. The objective of
this study was to evaluate the relation of OBl to HLA-DP single nucleotide polymorphisms (SNPs) encoding
antigen-binding sites for the immune response to HBV infection. As HLA-DP variants affect the mRNA expression of
HLA-DPAT and HLA-DPB1 in the liver, we hypothesised that high levels of HLA-DPA1 and HLA-DPB1 expression favour
OBI development.

Methods: The study enrolled 456 Indonesian healthy blood donors (HBsAg negative). OBl was defined as the presence
of HBV-DNA in at least two of four open reading frames (ORFs) of the HBV genome detected by nested PCR. SNPs in
HLA-DPAT (rs3077) and HLA-DPB1 (rs3135021, rs9277535, and rs2281388) were genotyped using real-time Tagman®
genotyping assays.

Results: Of 122 samples positive for anti-HBs and/or anti-HBc¢, 17 were determined as OBI. The minor allele in rs3077
was significantly correlated with OBI [odds ratio (OR) = 3.87, 95% confidence interval (Cl) = 1.58-949, p = 0.0015]. The
prevalence of the minor allele (T) was significantly higher in subjects with OBI than in those without (59% and 33%,
respectively). The combination of haplotype markers (TGA for rs3077-rs3135021-rs9277535) was associated
with increased risk of OBI (OR = 4.90, 95%Cl = 1.12-21.52 p = 0.038). The prevalence of OBI was highest in
the isolated anti-HBc group among the three seropositive categories: anti-HBs <500 mlU/ml, anti-HBs =500
mIU/ml, and isolated anti-HBc (29.41%, p = 0.014).

Conclusion: Genetic variants of HLA-DP and the presence of anti-HBc are important predictors of OBl in
Indonesian blood donors.

Trial registration: Ref: KE/FK/194/EC; registered 01 March 2013. Continuing approval Ref: KE/FK/536/EC;
registered 12 May 2014.

Keywords: OBI, HLA-DP SNPs, Indonesian blood donor

* Correspondence: yanoyo@med.kobe-u.ac,jp

'Division of Infectious Disease Pathology, Department of Microbiology and
Infectious Disease, Kobe University Graduate School of Medicine, 7-5-1
Chuo-ku, Kobe 650-0017, Japan

“Division of Gastroenterology, Department of Internal Medicine, Kobe
University Graduate School of Medicine, 7-5-1 Chuo-ku, Kobe 650-0017,
Japan

Full list of author information is available at the end of the article

- © The Author(s). 2017 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
() B|°Med Central International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to
the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.


http://crossmark.crossref.org/dialog/?doi=10.1186/s12985-017-0865-7&domain=pdf
http://orcid.org/0000-0002-5177-7480
mailto:yanoyo@med.kobe-u.ac.jp
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/

Mardian et al. Virology Journal (2017) 14:201

Background

Occult hepatitis B virus (HBV) infection (OBI) is defined
as the presence of HBV DNA in the serum and/or liver
of HBsAg-negative individuals. Since its discovery in
1963 and its subsequent association with HBV infection,
hepatitis B surface antigen (HBsAg) remains the main
serological marker in routine laboratory tests for the
detection of infection. It greatly reduced HBV transmis-
sion due to blood transfusions, as transfusion of HBsAg
positive blood is prohibited [1, 2]; however, numerous
scientific papers have highlighted the presence of HBV
infection in individuals who test negative for HBsAg and
have detectable HBV DNA in the liver or blood [1-3].
The prevalence of OBI, which has been reported world-
wide, varies greatly across the globe, with higher rates
reported in Asia; however, cases have also been reported
in low HBV endemic areas [4]. Indonesia has the third-
highest prevalence of HBV infection worldwide, with a
moderate-to-high hepatitis B endemicity that affects 242
million people [5, 6].

Although it has been recognized since the 70s, OBI
became a topic of interest in hepatology research in 1999,
when a study published in The New England Journal of
Medicine identified a large series of HBsAg-negative
patients with chronic liver disease (CLD) who were
positive for HBV genomes by testing liver biopsy speci-
mens [7]. That study highlighted the clinical importance
of OBI, which can promote or accelerate the progression
of hepatitis C virus (HCV)-related chronic hepatitis to
cirrhosis. In addition, it provided a new perspective on
virological issues by showing that OBI viruses have no
genetic mutations capable of preventing viral replication
or HBsAg synthesis [8].

Significant advances in our understanding of the
molecular mechanism underlying OBI have been made
in the past decade [4]. Sequence variations in HBV
genomes, including S gene variants (S-escape mutants),
can result in conformational changes of HBsAg that
render the protein undetectable by commercially avail-
able detection kits [4, 8]. In addition, in a small number
of cases, OBI is linked to HBV mutants with defective
replication activity or synthesis of S proteins, which cause
the lack of detectable HBsAg despite the presence of HBV
genomes [9, 10]. However, in most cases, OBI genomes
are replication-competent viruses with genetic heterogen-
eity comparable to that of HBV isolates from individuals
with “overt” (HBsAg-positive) infection. OBI status is
therefore thought to result from a strong suppression of
HBV replication and gene expression involving different
mechanisms [8]; however, knowledge of the factors
involved in the suppression of viral activity leading to the
induction of OBI remains limited. Understanding these
factors is important as it may provide new insights into
HBYV virology and reduce the probability of transmission.
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HBV has indirect cytopathic properties, indicating that
the host immune response is involved in regulating viral
activity, including viral replication and disease progres-
sion [6]. One important finding of genome-wide associ-
ation studies is that polymorphisms in the Human
Leucocyte Antigen (HLA) DPA1/DPBI1 genes, which are
located on the short arm of chromosome 6, influence
HBYV infection [11, 12]. HLA-DP molecules belonging to
HLA class II play an important role in adaptive host-
immune responses, particularly in antigen presentation
to CD4+ T helper cells [13, 14]. A recent study in
Indonesia confirmed that HLA-DPA1 and HLA-DPBI1
variants are associated with outcomes of HBV infection
such as susceptibility, persistent infection, and disease
progression [6]; however, to date, the effect of HLA-DP
variants on OBI detection has not been investigated in
an Indonesian population. It would be interesting to
investigate the possible association of variations in HLA-
DP loci with the suppression of HBV replication result-
ing in OBI, which is immune-mediated. The aim of the
present study was to investigate the profiles and genetic
influence of HLA-DPA1/DPB1 single nucleotide poly-
morphisms (SNPs) on the detection of OBI in the Indo-
nesian population. This study focused on one SNP in
HLA-DPA1 (rs3077) and three SNPs in HLA-DPBI1
(rs3135021, rs9277535, and rs2281388). In addition, this
study also investigated the prevalence of OBI and associ-
ation between HBV antibodies and OBI findings in Indo-
nesian blood donors.

Methods
Participants and protocol
The present study recruited Indonesian blood donors
from Dr. Sardjito Hospital, Yogyakarta, Indonesia,
between April 2013 and November 2014. A total of 456
healthy participants of Javanese ethnicity were enrolled
from the blood donation unit. During their first visit, all
subjects provided verbal informed consent for the
storage of blood samples for further studies. The present
study also recruited 121 Japanese subjects from Kobe
University Hospital for comparison of the linkage dis-
equilibrium (LD) pattern between the two populations.
All participants had to meet the following inclusion cri-
teria: normal physical examination and tested negative for
hepatitis B surface antigen (HBsAg), hepatitis C virus
(HCV), and human immunodeficiency virus (HIV). The
study protocol conformed to the ethical guidelines of the
1975 Declaration of Helsinki and was approved by the Med-
ical and Health Research Ethics Committee (MHREC) Fac-
ulty of Medicine, Gadjah Mada University (Trial registration:
Ref: KE/FK/194/EC [01 March 2013] Additional file 1, Ref:
KE/FK/536/EC [12 May 2014]) Additional file 2. All subjects
provided written informed consent before enrolment.
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Serological tests

All subjects were screened for HBsAg, anti-HCV anti-
bodies, and anti-HIV antibodies using automated chemi-
luminescent enzyme immunoassays on an Architect
analyzer (Abbott Laboratories, IL, USA). Subjects testing
negative were further examined for antibodies to the
hepatitis B surface antigen (anti-HBs) and hepatitis B
core antibodies (anti-HBc) using chemiluminescence
immunoassays (CLIA) (Architect AUSAB, Abbott
Japan). Anti-HBs and anti-HBc titers were considered
positive at threshold values of > 10.0 mIU/ml and
>1.0 s/CO, respectively.

DNA extraction and SNP genotyping

For HBV DNA extraction and SNP genotype deter-
mination, peripheral venous blood was drawn and
collected into EDTA blood tubes. HBV DNA and
genomic DNA were extracted from 200 pl of serum
and buffy coats using the QIAamp DNA Blood Mini
Kit; Qiagen, Hilden, Germany), in accordance with
the manufacturer’s instructions.

Genotyping of each subject for HLA-DPA1 (rs3077)
and HLA-DPB1 (rs3135021, rs9277535, and rs2281388)
variants was performed using the Allelic Discrimination
Assay on a 7500 Real-Time PCR system with TagMan®
Genotyping Master Mix (Applied Biosystems, Foster
City, CA, USA). The SNP rs3077 (located in the 3’
untranslated region [UTR] of HLA-DPA1) was selected
because it is representative of the DPA1 haplotype block,
and rs9277535 (in the 3" UTR of HLA-DPBI) and
rs2281388 (in the downstream region of HLA-DPBI)
were selected because they were functionally different
SNPs in the DPB1 haplotype block, as determined using
Haploview 4.2 software (available at http://hapmap.nc
bi.nlm.nih.gov/) [15]. rs3135021 (in intron 1 of HLA-
DPB1) was also selected because it did not belong to any
haplotype block. SNPs were genotyped as previously
described with specific primers [15] and FAM and VIC-
labelled probes provided by Sigma-Aldrich (Hokkaido,
Japan) in compliance with recommended protocol [16].
All four SNPs were successfully genotyped at rates of
>97.5%. Quality control for each assay was performed
using samples with known genotypes obtained by
direct sequencing.

HBV amplification and quantification of HBV DNA

HBV DNA was detected using a previously described
nested PCR method with primers targeting the S, poly-
merase (Pol), precore-core, and X regions of the HBV
genome, with slight modifications. The primers targeting
the four Open Reading Frames (ORFs) were used as pre-
viously described [17]. The conditions for the first and
second rounds of PCR were 95 °C for 10 min, followed
by 40 cycles of 95 °C for 30 s, 58 °C for 30 s, 72 °C for
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1 min, and the final extension at 72 °C for 10 min.
Appropriate controls were included in each PCR reac-
tion. OBI positivity was based on the detection of
HBV DNA by nested PCR in at least two regions out
of four ORFs in anti-HBs and/or anti-HBc positive
samples (seropositive).

Quantification of HBV DNA was performed using
the TagMan PCR Assay (lower limit of detection, 2.1
log copies/ml) in a Roche-LightCycler® 96 Real-Time
PCR System.

Direct sequencing and genotype determination
The amplified product from the second round of PCR
was purified using ExoSAP-IT (USB Corporation,
Cleveland, OH, USA) according to the manufacturer’s
instructions. The PCR products were sequenced using
the BigDye Terminator version 3.1 cycle sequencing
kit on an ABI Prism 3100-Avant genetic analyser
(Applied Biosystems, Foster City, CA, USA). The
nucleotide sequences obtained from direct sequencing
and the reference sequences retrieved from GenBank
were aligned with Clustal X Software [18].
Phylogenetic trees were constructed using the
neighbour-joining method, and bootstrap resampling
was performed 1000 times. The analyses were
performed using Molecular Evolutionary Genetics
Analysis (MEGA) software.

Statistical analysis

The Hardy—Weinberg equilibrium (HWE) of the genotype
distributions and the LD of the SNPs were examined using
Haploview software v4.2 (http://www.broadinstitute.org/
haploview/haploview) [19]. Differences in categorical vari-
ables and continuous variables were compared using the
Pearson x2 test and Students t test, respectively. The
genotype frequency represented the frequency of the
major homozygous (MM), heterozygous (Mm), and
minor homozygous (mm) alleles corresponding to each
SNP (rs3077 corresponds to C/T, rs3135021 corre-
sponds to G/A, rs9277535 corresponds to G/A, and
rs2281388 corresponds to C/T).

Genetic associations (genotype-based, allele-based, and
haplotype-based) were tested using the X2 test or Fisher’s
exact test. Three different genetic association models
were generated: the additive genetic model [minor allele
(m) versus (vs.) major allele (M)], in which each copy of
a minor allele modifies the risk in an additive manner,
resulting in the homozygous minor (mm) having a two-
fold higher risk than the heterozygote (Mm) [comparing
2 mm + Mm (Ad) vs. MM]; the dominant genetic model
[heterozygote and minor homozygote (Mm + mm) vs.
major homozygote (MM)]; and the recessive genetic
model [minor homozygote (mm) vs. major homozygote
and heterozygote (MM + Mm)].
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Logistic regression was performed to compare cases
and control groups, and all odds ratios (ORs), 95%
confidence intervals (CIs) and p values were adjusted
for age and sex. Haplotype frequency was estimated
using a two-stage iterative method, the Expectation
Maximization algorithm.

Statistical analyses were performed using SPSS version
22 (IBM Corporation, Armonk, NY, USA), whereas allele-
based and haplotype-based genetic models were applied
using SNPStats web tools (http://bioinfo.iconcologia.net/
SNPstats.) [20]. Statistical significance was defined by P
values of <0.05.

Results

Characteristics of subjects

The characteristics of seropositive subjects are summa-
rized in Table 1. Among 456 healthy participants (380
men and 76 women; mean age 29.95 + 9.78 years) who
were HBV surface antigen (HBsAg) negative, 122 cases
(26.75%) were detected by anti-HBs and/or anti-HBc
antibody and were designated as seropositive. Among
them, 17 subjects were diagnosed with OBI and com-
pared with subjects without OBI (Non-OBI). Subjects in
the OBI group were older than those in the Non-OBI
group, although the difference was not statistically
significant (35.50 + 13.52 years versus 30.92 + 10.73 years,
P = 0.136). No significant differences in gender and aver-
age anti-HBs and anti-HBc titers were observed between
the two groups.

OBI findings in seropositive samples

To determine the effect of HBV-specific humoral im-
mune responses on OBI detection, the study subjects
were divided into three categories as follows: (1) anti-
HBs <500 mIU/mL (regardless of anti-HBc status), (2)
anti-HBs =500 mIU/mL (regardless of anti-HBc status),

Table 1 Clinical demographics of study participants (122
seropositive subjects)

Demographic OBl NON-OBI P Value ®
No. of seropositive subjects 17 105
Age, years (mean + SD) 3550 +£ 1352 3092+ 10.73 0.136
No. of male subjects (%) 14 (82.35) 87 (82.85) 0.959
Anti-HBs, mIU/mL 3391 £1322 4517 £1036 0670
(mean + SEM)
Anti-HBc, s/CO (mean + SEM)  4.054 + 1.031 2.885 + 0350 0.227
Categories of seropositive subjects
a. Anti-HBs <500 mIU/mL (%) 6 (7.60) 73 (92.40) 0.014
b. Anti-HBs 2500 mIU/mL (%) 6 (23.08) 20 (76.92)
c. Isolated anti-HBc ° (%) 5 (29.41) 12 (70.59)

Abbreviations: SD standard deviation, SEM standard error of mean

“Bold indicates statistically significant

Plsolated anti-HBc is defined by samples that were positive for anti-HBc
(>1.0 s/CO) but negative for anti-HBs (<10.0 mIU/mL)
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and (3) isolated anti-HBc (only anti-HBc was detected as
positive). The proportion of OBI cases differed signifi-
cantly between the three categories. The highest OBI de-
tection rate was observed in the isolated anti-HBc group
(29.41%, P = 0.014) (Table 1). OBI was more frequent in
the isolated anti-Hbc group than in the non-isolated
anti-Hbc group (29.41% vs. 9.30%, P = 0.049) (data not
shown).

The profiles of the 17 OBI cases are summarized in
Table 2. All OBI cases had a positive result of nested
PCR in the HBV X Region (HBx). The precore/core,
surface, and polymerase genes were detected in 29.41%,
64.70%, and 47.05% of cases, respectively. Serum HBV
was detected in all OBI samples, mainly at <2.9 log
copy/mL (151 IU/mL). Only one OBI case had 3.3 log
copy/mL (379.3 IU/mL), which was still within the range
of the low threshold of HBV DNA quantification.

Evaluation of the hardy-Weinberg equilibrium

The association of four SNPs in the HLA-DP gene with
the detection of OBI is shown in Table 3. Four SNPs were
analyzed in this case-control study, one in HLA-DPA1
(rs3077) and three in HLA-DPB1 (rs3135021, rs9277535,
and rs2281388). The genotype frequencies of three poly-
morphisms (rs3077, rs3135021, and rs9277535) con-
formed to HWE (P > 0.05 each), indicating no significant
differences between the observed and expected frequen-
cies of each genotype in these three groups; however,
rs2281388 deviated from HWE because the genotype
distribution was highly skewed. Therefore, rs2281388 was
excluded from further statistical genetic analysis.

The correlation between HLA-DP variants and OBI
detection in seropositive subjects was investigated by
comparing the alleles of the OBI and Non-OBI
groups. The minor allelic frequencies (MAFs) of
rs3077 (T), rs3135201 (A), and rs9277535 (A) were
33%, 28%, and 38%, respectively, in the Non-OBI
group, and 59%, 26%, and 44%, respectively, in the
OBI group (Table 3). HLA-DP rs3077 was associated
with OBI detection in seropositive subjects, with the
minor allele “T” associated with increased probability
of OBI (additive genetic model: P = 0.0015, OR: 3.87,
95% CI:  1.58-9.49; dominant genetic model:
P = 0.0067, OR: 6.12, 95% CI: 1.30-28.85; recessive
genetic models: P = 0.016, OR: 5.56, 95% CI: 1.45—
21.29). HLA-DPBI rs3135021 and rs9277535 were not
associated with OBI detection in any of the genetic
models tested (all P > 0.05); however, the frequency
of GA and AA genotypes of HLA-DPB1 rs9277535
was higher in the OBI group than in the Non-OBI
group (dominant genetic model: P = 0.28, OR: 1.89,
95% CI: 0.57-6.33), although the difference was not
statistically significant after adjusting for age and
gender (Table 3).
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Table 2 Baseline characteristics of OBI in seropositive samples

No Sample Code Hepatitis serology titer — Sex Age Nested PCR result (HBV ORF)* HBV titer Genotype/Sub
Anti-HBs Anti-HBc (years) Precore/Core  Surface  Polymerase X Gene (log copy/ml) Genotype
(mlU/mL)  (s/CO) Gene Gene Gene

1 A026 119.87 4.15 Male 45 + + - + <29 (+) C1

2 A084 55891 0.12 Male 56 + + - + 29 B

3 A138 04 11.04 Male 51 - - + + <24 (+) B3

4 S032 504.67 0.07 Male 23 + - + <24 (+) B3

5 S049 2084.76 0.09 Female 32 + + + <24 (+) B3

6 Uoe4 0.72 797 Male 27 - - + <24 (+) B3

7 uo75 13241 0.39 Male 22 - - + 24 B

8 U110 14.81 0.09 Male 23 - + + + <4 (+) B

9 U132 332 1.94 Male 50 - - + + <24 (+) B3

10 U152 560.56 0.8 Male 24 - + - + <24 (4) B7

11 U154 29.96 0.14 Female 24 - + + + <24 (+) B3

12 U169 852.06 761 Male 24 + - - + <24 (+) B3

13 U250 1591 0.21 Male 18 - + + + <24 (+) B3

14 U258 850.22 8.97 Male 50 - + - + <24 (+) B7

15 U282 141 9.02 Male 31 - - + + <24 (+) B3

16 U313 361 6.06 Female 46 - - + <24 (+) C1

17 U338 1.09 10.25 Male 54 - - + 33 B3

“OBI was determined by the detection of HBV-DNA using nested PCR in at least two regions out of four ORF

The genotypic distribution of the four polymor-
phisms is depicted in Fig. 1. The major homozygous
genotypes were more frequent in the Non-OBI group
than in the OBI group in rs3077 and rs9277535: CC
(Non-OBI 41% vs. OBI 12%) and GG (Non-OBI 38%
versus OBI 24%), respectively. Similarly, in rs3077 the
minor homozygous genotype was more frequent in
the OBI group than in the Non-OBI group at 29% vs.

8%, respectively; however, that trend was not observed
in rs9277535, in which the genotype frequency of the
minor homozygous allele was comparable between the
OBI and Non-OBI groups at 12% and 14%, respectively.
The other two HLA-DPB1 SNPs examined in this study
(rs3135021 and rs2281388) did not show significant
differences in genotype distribution between the OBI
and Non-OBI groups.

Table 3 Associations between HLA-DP variants with the detection of OBI

Gene, chromosome  SNPs ID® NON-OBI MAF (%) OBI MAF (%) Testing of mode of NON-OBI vs OBI
position, allele - inheritance g E g
(major/minor) Genotype frequency (%) Genotype frequency (%) P-value®  OR (95%Cl)
CC/GG  CT/GA  TI/AA CC/GG  CT/GA  TI/AA
HLA-DPAT1, 153077 43 (41) 53(51) 88 33 2(12) 10(59) 529 59 Additive 2 T/T-C/T vs C/C)  0.0015  3.87 (1.58-9.49)
33,033,022, /T .
Dominant (C/C vs C/T-T/T) ~ 0.0067  6.12 (1.30-28.85)
Recessive (C/C-C/T vs T/T) 0.016 5.56 (1.45-21.29)
HLA-DPBT, rs3135021 54 (53) 37 (37) 10 (10) 28 9(53) 741 10 26 Additive 2A/A-G/A vs G/G) 0.8 0.90 (041-2.01)
33,045,558, G/A :
Dominant (G/G vs G/A-A/A) 099 1.01 (0.35-2.87)
Recessive (G/G-G/A vs A/A) 054 0.54 (0.06-4.53)
HLA-DPBT, 19277535 39 (38) 50 (48) 15 (14) 38 4(24) 1165 2012 44 Additive QA/A-G/A vs G/G)  0.56 1.26 (0.58-2.72)
33,054,861, G/A !
Dominant (G/G vs G/A-A/A)  0.28 1.89 (0.57-6.33)
Recessive (G/G-G/A vs A/A)  0.76 0.79 (0.16-3.89)
HLA-DPBT, rs2281388 70 (67) 24 (23) 11(1) 22 13(76)  3(18) 1(6) 15 Additive 2 T/T-C/T vs C/C) rs2281388 deviated from
33,060,118, C/T Hardy-Weinberg

Dominant (C/C vs C/T-T/T)
Recessive (C/C-C/T vs T/T)

Equilibrium because the
genotype distribution was
skewed

2b. SNP identification numbers and positions (http://www.ncbi.nlm.nih.gov/) based on Human Genome Assembly build GRCh37.p17;. “°: Logistic regression
analyses were adjusted for gender and age. Bold values indicate statistically significant
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Linkage disequilibrium and haplotype analysis of multiple
SNPs

Haplotypes were constructed based on the three HLA-
DP polymorphisms in Hardy—Weinberg equilibrium
(P > 0.05). The association between the combination of
three SNPs and OBI detection in seropositive subjects is
shown in Table 4. Based on the HLA-DP haplotype
constructed from SNPs rs3077 (minor allele “T”),
rs3135021 (minor allele “A”), and rs9277535 (minor
allele “A”), comparison of the target haplotypes with the
remaining haplotype combinations showed that haplo-
type block TGA was significantly associated with the
detection of OBI in seropositive subjects (P = 0.038,
OR: 4.90, 95% CI: 1.12-21.52). All other haplotype
combinations showed no significant association with
OBI detection.

Table 4 Haplotype association model

Haplotype (rs3077- Frequency (%) NON-OBI vs OBI
($3135021-1s9277535) \ON-OBI OBl Pvalue” OR (95%C)) °
C-GG 0.3764 01983 - 1.00

T-G-A 0.1782 03564 0.038 4.90 (1.12-21.52)
C-A-G 0.1677 0.1772 051 1.74 (0.34-8.80)
C-G-A 0.1051 0.0363 051 046 (0.05-4.55)
T-A-A 0.0785 0.0485 093 1.12 (0.10-12.84)
T-G-G 0.0598 0.1443  0.091 531 (0.78-36.12)
T-A-G 0.0131 0.0391 017 10.91 (0.38-315.08)

2b. | ogistic regression analyses were adjusted for gender and age. Bold
values indicate statistically significant

The three SNPs assessed are located within an LD block
spanning >21 kb. The pairwise LD data for the SNPs
examined in this Indonesian population are shown in
Fig. 2. This study also compared this LD block between
the Indonesian and Japanese subjects included in the
study. In Indonesian subjects, the three SNPs in HWE
(rs3077, rs3135021, and rs9277535) were in weak LD with
each other, with the D’ values ranging from 0.05 to 0.59;
however, the D’ value between rs3077 and rs9277 was
significantly higher than that between the other two (D’

rs3077
rs3135021
rs9277535
rs3077
rs3135021
rs9277535

Block 1 (21 kh)
1 2

Block 1 (21 kh)
1 2

Fig. 2 Linkage disequilibrium (LD) map of the three HLA-DP SNPs.
The LD values represent the D’ values in the Indonesian population

(left) and the Japanese population (right)
- J
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value = 0.59). Overall, these D’ values were stronger in the
Japanese population (0.79-0.84).

Direct sequencing of HBV DNA and HBV genotyping
Since only the X gene was positive in the nested PCR
results for the 17 OBI samples, we performed direct
sequencing from the amplified product of the second
round of X gene PCR for determination of the HBV
genotype (Fig. 3).

The phylogenetic tree revealed that most of the
samples had the HBV genotype B (88.2%), with subge-
notype B3 as the most common (64.7%), and the
remaining samples showing subgenotype B7 (11.8%)
and subgenotype C1 (11.8%).

Due partly to difficulties of DNA sequencing with low
levels of viral DNA, only a partial sequence of the
surface gene was detected in one sample, and the previ-
ously reported OBI amino acid changes that affect the
predicted antigenicity (T123A, M133 L, T143 M, and
T126I) were not detected in our sample [21].

Discussion
The introduction of universal vaccination has strongly
reduced vertical transmission in many countries; how-
ever, horizontal transmission is also an important route
of HBV infection. In particular, blood transfusion from
healthy donors with OBI is associated with the risk of
horizontal transmission [22]. OBI is not only difficult to
diagnose, but is also associated with a variety of clinical
conditions. Several reports have indicated that OBI has
similar infectivity and pathogenicity in the development
of fulminant hepatitis, liver cirrhosis, and hepatocellular
carcinoma (HCC) with non-occult infection, and that it
may affect the safety of blood transfusions and orthoto-
pic liver transplantation (OLT) [3]. The role of OBI in
chronic hepatitis C virus (HCV) infection is perhaps the
most extensively studied, as OBI can promote or acceler-
ate the progression of HCV-related CLD, as minimal
lesions produced by the immune system in response to
OBI may contribute to disease progression [23, 24].
Evidence validated by meta-analyses highlights the pro-
oncogenic role of OBI and the risk of viral reactivation in
immunocompromised OBI patients, which may lead to
the (re)development of HBV-related liver disease [4, 8].
This study showed that the isolated anti-HBc
serological status defined an important subset of OBI
(Table 1). This result is consistent with that of previous
studies in which isolated anti-HBc was identified as a
significant serological marker of OBI [25, 26]. Isolated
anti-HBc positivity refers to the detection of anti-HBc
antibody without the usual accompanying markers (i.e.,
HBsAg if the infection is chronic and anti-HBs if the
infection is resolved) [26]. The core antigen is a potent
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immunogen that elicits a strong and specific antibody
response that is present during acute infection and usually
persists for life; therefore, the presence of anti-HBc in the
absence of any other marker is compatible with resolved
or past hepatitis B infection [27, 28]. Several studies have
highlighted the strong correlation between OBI and anti-
HBc status [26, 29]. One investigation reported that of 16
patients with detectable serum HBV DNA at enrolment,
10 (63%) were positive for anti-HBc, whereas only 17
(42%) of 40 patients without serum HBV DNA tested
positive for anti-HBc [30]. Similarly, studies show that the
rate of HBV DNA is significantly high in anti-HBc—posi-
tive but anti-HBs—negative individuals, with a frequency
of up to 60% in populations highly exposed to the virus
[31]. The fact that OBI is more frequent in subjects posi-
tive for anti-HBc but negative for anti-HBs is presum-
ably because these subjects lack the neutralizing effect
of anti-HBs [32]; consequently, in the absence of
hepatitis B DNA testing, isolated anti-HBc is an indi-
cator of an important subset of OBI [25, 26]. Our
study highlighted the superiority of anti-HBc over
other HBV markers in predicting latent HBV infec-
tion in apparently healthy individuals and indicated
that implementation of anti-HBc screening would im-
prove the safety of blood donation.

In the present study, most OBI genomes were geno-
type B3. This is in accordance with previous studies
showing that in Indonesia the most common HBV
genotype is HBV B3 (HBV/B3), followed by HBV/CI,
especially in Java island [21, 33].

The mechanisms underlying the low HBV DNA levels
in the absence of detectable HBsAg in OBI remain un-
clear; however, both host and viral factors are important
for viral replication suppression and for maintaining the
control of HBV infection [34]. Several studies have
suggested that host factors play a major role in the
induction and maintenance of the occult status of HBV
infection [24], as implied by an in vitro study showing
that once the viruses are removed from the host’s liver
microenvironment, the survival abilities of OBI isolates,
in terms of replication, transcription, and protein
synthesis, can be fully restored [35]. Further evidence
was provided by a large-scale study that demonstrated
the presence of potent and multi-specific HBV-specific
T cell responses in OBI subjects. In that study, HBV-
specific Thl responses were quantitatively stronger in
OBI than in inactive carriers and were similar or even
higher against HBV antigens than those in patients with
previous HBV resolution [34]. Therefore, the OBI
phenomenon not only indicates the lack of complete
clearance of HBV, but also reflects the ability of the host
immune system to control leftover viruses in the liver
after clinical resolution of disease through an efficient T-
cell mediated response [34, 36].



Mardian et al. Virology Journal (2017) 14:201

Page 8 of 11

118

117]

113

61/(60) BAQ95571.1 X B2 JAPAN
87 43) BAQ95567.1 X B2 JAPAN
46) ADB03487.1 X B8 INDONESIA
(21) ADJS7115.1 X B4 LAOS
56) ADB03468.1 X B7 INDONESIA
73| @(31) X U258 16-48

93l 29) ADB03458.1 X B7 INDONESIA
@(28) X U152 16-48
98| L (57)BAM63168.1 X B3 INDONESIA
———(41) ACO05374.1 X B2 CHINA
92 1) ADB03438.1 X B3 INDONESIA

@(4) X U064 16-48

@(10) X U154 1648

a8 @(17) X U282 16-48

22) AJP07120.1 X B3 INDONESIA

@(23) X A138 1648

95 @(24) X U169 16-48

99 83| @(25) X S032 1648

@(26) X U338 1648

@(32) X U250 1419-16-48

@(37) X U132 1648

38) BAM63161.1 X B3 INDONESIA

100 @(40) X S049 16-48

39) BAM63175.1 X B3 INDONESIA

L @(18) X U075 16-48

90 @(27) X U110 1648

(45) BAF93454.1 X B4 VIETNAM
@(30) X A084 16-48

42) ADA56892.1 X BS MALAYSIA

108

114

(44) ADB03448.1 X B7 INDONESIA
47) AJP07130.1 X B6 CANADA

654(48) ADB03512.1 XB9 INDONESIA

(55) CCK33699.1 X F2 Martinique

(50) BAN75946.1 X H JAPAN
(49) ANH09291.1 X F1 Chile
4110' (54) BAM05704.1 X G MEXICO
111 (11) AOD39827.1 X C3 AUSTRALIA

(16)ADB03536.1 X C6 INDONESIA
52) BAD91276.1 X A JAPAN
64153) CCK33755.1 X A2 MARTINIQUE

102 51) CCK33727.1 X A2 MARTINIQUE

104] b—w——(59) CCK33739.1 X D3 Martinique
107 5) ABR68904.1 X D1 India
91 20) ABR68907.1 X D2 India

(33) CCK33703.1 X A1 MARTINIQUE

2) CAB38765.1 X C5 CHINA
105 (12) BAC65102.1 X E2
84 (58) CAA53356.1 X E1

80/(7) ACV95533.1 X C1 SOUTH
97 15) ACV95532.1 X C1 SOUTH
106 13) AGA95833.1 X C1 THAILAND

©(3) X A026 16-48
82/ @(8) X U313 16-48

109 - (6) AHL26451.1 X C4 AUSTRALIA
_:1 9) AOD39813.1 X C3 AUSTRALIA
103 34) BAQ95563.1 X C2 JAPAN

89 35) BAO96208.1 X C2 JAPAN
70/(36) BAO96204.1 X C2 JAPAN

(9) CCK33751.1 X D4 Martinique

(14) ABR68917.1 X D5 India

0.10 0.05 0.00

Fig. 3 Neighbour-joining phylogenetic tree for HBV strains in OBI subjects (indicated with solid circles). The phylogenetic analysis was performed
based on 101 bp of the partial X region. The bootstrap support for the consensus tree, inferred from 1000 replicates, is indicated for each branch.
The evolutionary distances were computed using the maximum composite likelihood method




Mardian et al. Virology Journal (2017) 14:201

The present study hypothesized that high levels of
HLA-DPA1 and HLA-DPBI1 expression will favour OBI
development. HLA-DP is a heterodimer of specialized
glycoproteins that deliver foreign peptides to the surface
of the cell, and it belongs to a major isotype of HLA
class II. It consists of two chains, the a (DPA) and f3
(DPB) chains, and plays a vital role in adaptive immunity
[6]. The genes encoding the a and P chains (designated
A and B, respectively) are expressed on the surface of
antigen presenting cells, whereas in the liver their
expression is limited to a small population of Kupffer
cells, the resident macrophages of the liver [12]. These
molecules encode proteins that are crucial for presenting
HBV peptides to CD4" helper T-cells by promoting T-
cell allorecognition and peptide binding, resulting in an
enhanced immune response and HBV clearance [37, 38].
CD4" T cells also stimulate and preserve CD8" cytotoxic
T cells, which directly clear HBV-infected cells. As a
consequence, a reduction in HLA-DP expression might
interfere with antigen presentation and impair adaptive
and cellular immune responses to HBV infection [6].

The present results support a previous theory on the
impact of efficient T cell mediated immune responses on
OBI induction and maintenance. We have shown that
the minor T allele of rs3077 was the prominent allele
detected in the OBI seropositive group in all the genetic
models analyzed (Table 3). Furthermore, the T/A vari-
ants of rs3077 and rs9277535 in the haplotype model
were also associated with a higher probability of OBI
detection (Table 4). These findings are supported by pre-
vious studies that reported the involvement of HLA-DP
polymorphisms in regulating antigen presentation, both
at the cellular function and gene expression levels [39].

A previous study suggested that HLA-DP variants
could influence the level of mRNA expression of HLA-
DPA1 and HLA-DPB1 molecules in the liver, whereas
other studies showed that a variant in the 3’ untrans-
lated region (UTR) may affect mRNA stability through
binding of regulatory factors or regulation by micro-
RNAs [12, 37, 40]. The most convincing and well-
investigated SNPs related to HBV infection and clear-
ance, especially in the Asian population, are rs3077 and
rs9277535, which are separated by approximately 22 kb
and located within the 3'-UTR of HLA-DPA1 and HLA-
DPBI, respectively [11, 12, 41-43]. Because these SNPs
are not located in the HLA-DP coding region, their bio-
logical effects are investigated by indirectly affecting the
antigen-binding site through alterations in microRNA-
binding sites leading to changes in HLA-DP gene
expression [12]. This change could affect the stability
and translation of mRNA by altering transcription factor
binding. The minor “I” allele of rs3077 and minor “A”
allele of rs9277535 are associated with increased mRNA
expression of their respective genes [12, 38]. Therefore,
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high HLA-DPA1 and HLA-DPB1 expression might be
more effective for presenting viral antigens to CD4"
helper T-cells, which may increase the capacity of the
immune response to suppress viral replication [38]. The
present study confirmed that rs3077-T and rs9277535-A,
which were associated with increased mRNA expression
of the HLA-DP gene, may favour a stronger immune re-
sponse to suppress HBV replication, which leads to OBL

Wasityastuti et al. confirmed that in the Indonesian
population, HLA-DP variants exert a protective effect
against HBV infection by reducing the susceptibility to
HBV and increasing the spontaneous resolution of HBV
infection [6]. This conclusion strengthens the evidence
that the outcome of HBV infection could be influenced by
the physical binding of HBV-derived peptides and their
subsequent recognition by CD4" helper T-cells, which is
dependent on HLA-DP polymorphisms [14]; however, to
the best of our knowledge, the present study is the first to
examine the roles of HLA-DP variants in OBL

This study reported a weak LD between rs9277535
and rs3077 (D’ = 0.59; Fig. 2), suggesting that the effects
of these SNPs are likely to be independent [12]; however,
the difference in LD values between the Indonesian and
Japanese populations (Fig. 2) may be caused by the num-
ber of ethnic groups in Indonesia, which has a more
heterogeneous population than Japan [6]. Japan is domi-
nated by Mainland Japanese (98.5%), whereas Indonesia
consists of three dominant ethnic groups (Javanese,
40.06%; Sundanese, 15.51%; and Malay, 3.7%) and more
than 10 smaller ethnic groups [6, 44]. This multi-ethnic
population provides a higher opportunity for mixture
and gene flow that contribute to LD reduction [45];
however, this study found no association between HLA-
DPA1 rs3135021 and OBI detection, although the haplo-
type association model indicated that the major allele
“G” increased the probability of OBIL This result might
be attributable to the sample size and the genetic diver-
sity of the populations. A phylogenetic tree of 54.794
autosomal SNPs in 1928 individuals representing 75
populations shows that the Indonesian clade clustered
separately from the Japanese, Korean, Chinese,
Taiwanese, and Thai clades with a high bootstrap
value. Indonesia, which is located near the equator,
has a higher haplotype diversity than other popula-
tions of Northern latitudes [6, 46]. Accordingly, HLA-
DPBI1 rs2281388 deviated from HWE, which could be
related to laboratory or genotyping factors, sample
stratification, or random evolutionary changes that
might lead to unreliable results [6, 47, 48].

Conclusion

In conclusion, HLA-DP variants were associated with
OBI detection in seropositive Indonesian blood donors.
The minor allele of rs3077 (T) in the HLA-DPA1 gene
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was related to an increased risk of OBL. A combination
of haplotype markers (TGA for rs3077-rs3135021—
rs9277535) was also associated with OBI detection. The
HBYV serological marker (isolated anti-HBc) may play an
important role in predicting latent HBV infection. The
results suggest that the combination of SNP genotyping
in the HLA-DP gene and HBV serological marker testing
may be a valuable screening method in the blood
donation setting to prevent OBI transmission through
blood donors.

Additional file

Additional file 1: Ethical Clearance dr Widya 2013 (FIRST). (JPG 215 kb)
Additional file 2: Ethical Clearance dr Widya 2014 (SECOND). (PDF 996 kb)

Abbreviations

Anti-HBc: Antibody to hepatitis B core antigen; Anti-HBs: Antibody to hepatitis
B surface antigen; Cls: Confidence intervals; CLD: Chronic liver disease;

CLIA: Chemiluminescence enzyme immunoassays; HBsAg: Hepatitis B surface
antigen; HBV: Hepatitis B virus; HCC: Hepatocellular carcinoma; HCV: Hepatitis C
virus; HIV: Human Immunodeficiency virus; HLA: Human leukocyte antigen;
HLA-DPA: Human leucocyte antigen DP gene alpha chain; HLA-DPB: Human
leukocyte antigen DP gene beta chain; HWE: Hardy-Weinberg equilibrium;
LD: Linkage Disequilibrium; MAF: Minor allelic frequencies; MEGA: Molecular
Evolutionary Genetics Analysis; mRNA: Messenger RNA; OBI: Occult
hepatitis B infection; OLT: Orthotopic liver transplantation; ORF: Open
reading frame; ORs: Odds ratios; SNP: Single nucleotide polymorphisms;
UTR: Untranslated region

Acknowledgements

The authors are thankful to all of the willing subjects who participated in this
research. We also thank the medical staff for their help throughout the entire
process of this study, for their invaluable technical advice and help with data
analysis, and their assistance with sample preparation.

Funding
This study was supported by a grant-in-aid from the Ministry of Education,
Culture, Sports, Science and Technology, Japan. Grant number: 16H05826.

Availability of data and materials
The data sets supporting the conclusions of this article are included within
the article.

Authors’ contributions

YM., YY, and WW. designed the study; WW., T.T, NR, and Y.H. were
responsible for the recruitment of subjects; Y.M., WW., Y.L, and W.AP.
performed experiments and conducted data management; Y.M. and Y.Y.
performed statistical analyses and interpreted results; Y.M. and Y.Y. wrote
the manuscript. All authors read and approved the final manuscript.

Ethics approval and consent to participate

The study protocol conformed to the ethical guidelines of the 1975
Declaration of Helsinki and was approved by the Medical and Health
Research Ethics Committee (MHREQ), Faculty of Medicine, Gadjah Mada
University (Trial registration: Ref: KE/FK/194/EC [01 March 2013], Ref: KE/FK/
536/EC [12 May 2014]). All subjects gave their written informed consent
before enrolment.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interest.

Page 10 of 11

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details

'Division of Infectious Disease Pathology, Department of Microbiology and
Infectious Disease, Kobe University Graduate School of Medicine, 7-5-1
Chuo-ku, Kobe 650-0017, Japan. “Division of Gastroenterology, Department
of Internal Medicine, Kobe University Graduate School of Medicine, 7-5-1
Chuo-ku, Kobe 650-0017, Japan. *Department of Physiology, Faculty of
Medicine, Gadjah Mada University, Kesehatan Street No. 1, Sekip, Yogyakarta
55281, Indonesia. “Division of Gastroenterohepatology, Department of
Internal Medicine, Dr. Sardjito Hospital, Faculty of Medicine, Gadjah Mada
University/ Dr. Sardjito Hospital, Kesehatan Street No. 1, Sekip, Yogyakarta
55281, Indonesia. *Division of Molecular Medicine & Medical Genetics,
Department of Pathology, Kobe University Graduate School of Medicine,
7-5-1 Chuo-ku, Kobe 650-0017, Japan. °Department of Clinical Pathology, Dr.
Sardjito Hospital, Faculty of Medicine, Gadjah Mada University/ Dr. Sardjito
Hospital, Kesehatan Street No. 1, Sekip, Yogyakarta 55281, Indonesia.

Received: 6 July 2017 Accepted: 11 October 2017
Published online: 23 October 2017

References

1. Pondé RAA. Molecular mechanisms underlying HBsAg negativity in occult
HBV infection. Eur J Clin Microbiol Infect Dis. 2015;34(9):1709-31.

2. Olotu AA, Oyelese AO, Salawu L, Audu RA, Okwuraiwe AP, Aboderin AO.
Occult hepatitis B virus infection in previously screened, blood donors in lle-
Ife, Nigeria: implications for blood transfusion and stem cell transplantation.
Virol J. 2016;13(1):1-9.

3. Thedja MD, Roni M, Harahap AR, Siregar NC, le SI, Muljono DH. Occult
hepatitis B in blood donors in Indonesia: altered antigenicity of the hepatitis
B virus surface protein. Hepatol Int. 2010;4(3):608-14.

4. Samal J, Kandpal M, Vivekanandan P. Molecular mechanisms underlying
occult hepatitis B virus infection. Clin Microbiol Rev. 2012,25(1):142-63.

5. Papastergiou V, Lombardi R, MacDonald D, Tsochatzis EA. Global
epidemiology of hepatitis B virus (HBV) infection. Curr Hepatol Repo.
2015;14(3):171-8.

6. Wasityastuti W, Yano Y, Ratnasari N, Triyono T, Triwikatmani C, Indrarti F, et
al. Protective effects of HLA-DPA1/DPB1 variants against hepatitis B virus
infection in an Indonesian population. Infect Genet Evol. 2016;41:177-84.

7. Cacciola |, Pollicino T, Squadrito G, Cerenzia G, Orlando ME, Raimondo G.
Occult hepatitis B virus infection in patients with chronic hepatitis C liver
disease. N Engl J Med. 1999;341(1):22-6.

8. Raimondo G, Caccamo G, Filomia R, Pollicino T. Occult HBV infection. Semin
Immunopathol. 2013;35(1):39-52.

9. ZhuH-L Li X, Li J, Zhang Z-H. Genetic variation of occult hepatitis B virus
infection. World J Gastroenterol. 2016:22(13):3531.

10. Kim H, Kim BJ. Association of preS/S mutations with occult hepatitis B virus
(HBV) infection in South Korea: transmission potential of distinct occult HBV
variants. Int J Mol Sci. 2015;16(6):13595-609.

11. Kamatani Y, Wattanapokayakit S, Ochi H, Kawaguchi T, Takahashi A,
Hosono N, et al. A genome-wide association study identifies variants in
the HLA-DP locus associated with chronic hepatitis B in Asians. Nat
Genet. 2009;41(5):591-5.

12. O'Brien TR, Kohaar |, Pfeiffer RM, Maeder D, Yeager M, Schadt EE, et al. Risk
alleles for chronic hepatitis B are associated with decreased mRNA
expression of HLA-DPAT and HLA-DPB1 in normal human liver. Genes
Immun. 2011;12(6):428-33.

13. Zhang J, Zhan W, Yang B, Tian A, Chen L, Liao Y, et al. Genetic
polymorphisms of rs3077 and rs9277535 in HLA-DP associated with
systemic lupus erythematosus in a Chinese population. Scientific Reports.
2017;7:39757.

14.  Wong DKH, Watanabe T, Tanaka Y, Seto WK, Lee CK, Fung J, et al. Role of
HLA-DP polymorphisms on Chronicity and disease activity of hepatitis B
infection in southern Chinese. PLoS One. 2013;8(6):1-7.

15. Zhang Q, Yin J, Zhang Y, Deng Y, Ji X, Du Y, et al. HLA-DP polymorphisms
affect the outcomes of chronic hepatitis B virus infections, possibly through
interacting with viral mutations. J Virol. 2013;87(22):12176-86.

16.  Malkki M, Petersdorf EW. Genotyping of single nucleotide polymorphisms
by 5" nuclease allelic discrimination. Methods Mol Biol. 2012,882:173-82.


dx.doi.org/10.1186/s12985-017-0865-7
dx.doi.org/10.1186/s12985-017-0865-7

Mardian et al. Virology Journal (2017) 14:201

20.

21.

22.

23.

24.

25.

26.
27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Wong DKH, Huang FY, Lai CL, Poon RTP, Seto WK, Fung J, et al. Occult
hepatitis B infection and HBV replicative activity in patients with
cryptogenic cause of hepatocellular carcinoma. Hepatology.
2011;54(3):829-36.

Thompson JD, Gibson TJ, Plewniak F, Jeanmougin F, Higgins DG. The
CLUSTAL X windows interface: flexible strategies for multiple sequence
alignment aided by quality analysis tools. Nucleic Acids Res.
1997;25(24):4876-82.

Barrett JC, Fry B, Maller J, Daly MJ. Haploview: analysis and visualization of
LD and haplotype maps. Bioinformatics. 2005;21(2):263-5.

Solé X, Guino E, Valls J, Iniesta R, Moreno V. SNPStats: a web tool for
the analysis of association studies. Bioinforma (Oxford, England).
2006;22(15):1928-9.

Yano Y, Utsumi T, Lusida MI, Hayashi Y. Hepatitis B virus infection in
Indonesia. World J Gastroenterol. 2015;21(38):10714-20.

Seo DH, Whang DH, Song EY, Han KS. Occult hepatitis B virus infection and
blood transfusion. World J Hepatol. 2015;7(3):600-6.

Morales-Romero J, Vargas G, Garcia-Roman R. Occult HBV infection: a
faceless enemy in liver cancer development. Viruses. 2014;6(4):1590-611.
Raimondo G, Pollicino T, Cacciola |, Squadrito G. Occult hepatitis B virus
infection. J Hepatol. 2007;46(1):160-70.

Sagnelli E, Coppola N, Scolastico C, Mogavero AR, Filippini P, Piccinino F.

HCV genotype and “silent” HBV coinfection: two main risk factors for a more

severe liver disease. J Med Virol. 2001;64(3):350-5.

Torbenson M, Thomas DL. Occult hepatitis B. Lancet Infect Dis. 2002,2:479-86.
Manzini P, Girotto M, Borsotti R, Giachino O, Guaschino R, Lanteri M, et al.
Italian blood donors with anti-HBc and occult hepatitis B virus infection.
Haematologica. 2007,92(12):1664 LP-1670.

Jilg W, Sieger E, Zachoval R, Schatzl H. Individuals with antibodies against
hepatitis B core antigen as the only serological marker for hepatitis B
infection: high percentage of carriers of hepatitis B and C virus. J Hepatol.
1995,23(1):14-20.

Koike K, Kobayashi M, Gondo M, Hayashi |, Osuga T, Takada S. Hepatitis B
virus DNA is frequently found in liver biopsy samples from hepatitis C virus-
infected chronic hepatitis patients. J Med Virol. 1998;54(4):249-55.

Shetty K, Hussain M, Nei L, Reddy KR, Lok ASF. Prevalence and significance

of occult hepatitis B in a liver transplant population with chronic hepatitis C.

Liver Transpl. 2007;13(3):465-6.

Bréchot C, Thiers V, Kremsdorf D, Nalpas B, Pol S, Paterlini-Bréchot P. Persistent
hepatitis B virus infection in subjects without hepatitis B surface antigen:
clinically significant or purely “occult”? Hepatology. 2001;34(1):194-203.
Zobeiri M. Occult hepatitis B: clinical viewpoint and management. Hepat
Res Treat. 2013;2013:259148.

Siburian MD, Utama A, Dhenni R, Arnelis N, Fanany |, Intan MDB, et al. High
prevalence of hepatitis B virus genotype C/C1 in the Minangkabau ethnic
group in Indonesia. Virol J. 2013;10(1):27.

Bes M, Vargas V, Piron M, Casamitjana N, Esteban JI, Vilanova N, et al. T cell
responses and viral variability in blood donation candidates with occult
hepatitis B infection. J Hepatol. 2012,56(4):765-74.

Pollicino T, Raffa G, Costantino L, Lisa A, Campello C, Squadrito G, et al.
Molecular and functional analysis of occult hepatitis B virus isolates from
patients with hepatocellular carcinoma. Hepatology. 2007;45(2):277-85.
Zerbini A, Pilli M, Boni C, Fisicaro P, Penna A, Di Vincenzo P, et al. The
characteristics of the cell-mediated immune response identify different
profiles of occult hepatitis B virus infection. Gastroenterology.
2008;134(5):1470-81.

Seto WK, Wong DKH, Kopaniszen M, Proitsi P, Sham PC, Hung IFN, et
al. HLA-DP and IL28B polymorphisms: influence of host genome on
hepatitis B surface antigen seroclearance in chronic hepatitis B. Clin
Infect Dis. 2013;56(12):1695-703.

Jiang X, Ma Y, Cui W, Li MD. Association of variants in HLA-DP on
chromosome 6 with chronic hepatitis B virus infection and related
phenotypes. Amino Acids. 2014;46(8):1819-26.

Kim YJ, Kim HY, Lee J-H, Yu SJ, Yoon J-H, Lee H-S, et al. A genome-wide
association study identified new variants associated with the risk of chronic
hepatitis B. Hum Mol Genet. 2013;22(20):4233-8.

Prokunina L, Alarcén-Riquelme ME. Regulatory SNPs in complex diseases: their
identification and functional validation. Expert Rev Mol Med. 2004;6(10):1-15.
Zhu M, Dai J, Wang C, Wang Y, Qin N, Ma H, et al. Fine mapping the MHC
region identified four independent variants modifying susceptibility to
chronic hepatitis b in han chinese. Hum Mol Genet. 2015;25(6):1225-32.

42.

43.

45.

46.

47.

48.

Page 11 of 11

Matsuura K, Tanaka Y, Nishida N, Hige S, Asahina Y, Ito K, et al. Genome-
wide association study identifies genetic variants in the HLA-DP locus
associated with chronic hepatitis B. J Hepatol. 2010;,52:5282-3.

Fan J, Huang X, Chen J, Cai Y, Xiong L, Mu L, et al. Host genetic variants in
HLA loci influence risk for hepatitis B virus infection in children. Hepat Mon.
2016;16(8):e37786.

Arifin EN, Pramono A, Handayani NB, Hasbullah MS. Demography of
Indonesia’s ethnicity. Singapore: Institute of Southeast Asian Studies; 2015.
Pfaff CL, Parra EJ, Bonilla C, Hiester K, McKeigue PM, Kamboh M|, et al.
Population structure in admixed populations: effect of admixture dynamics on
the pattern of linkage disequilibrium. Am J Hum Genet. 2001;68(1):198-207.
Consortium HP-AS, Abdulla MA, Ahmed MA, Ahmed |, Assawamakin A,
Bhak J, et al. Mapping human genetic diversity in Asia. Science.
2009;326(5959):1541-5.

Zintzaras E, Lau J. Synthesis of genetic association studies for pertinent
gene-disease associations requires appropriate methodological and
statistical approaches. J Clin Epidemiol. 2008,61(7):634-45.

Lewis CM. Genetic association studies : design, analysis and interpretation.
Brief Bioinform. 2002;3(2):146-53.

Submit your next manuscript to BioMed Central
and we will help you at every step:

* We accept pre-submission inquiries

e Our selector tool helps you to find the most relevant journal

* We provide round the clock customer support

e Convenient online submission

e Thorough peer review

e Inclusion in PubMed and all major indexing services

e Maximum visibility for your research

Submit your manuscript at

www.biomedcentral.com/submit () BiolMed Central




	Abstract
	Background
	Methods
	Results
	Conclusion
	Trial registration

	Background
	Methods
	Participants and protocol
	Serological tests
	DNA extraction and SNP genotyping
	HBV amplification and quantification of HBV DNA
	Direct sequencing and genotype determination
	Statistical analysis

	Results
	Characteristics of subjects
	OBI findings in seropositive samples
	Evaluation of the hardy–Weinberg equilibrium
	Linkage disequilibrium and haplotype analysis of multiple SNPs
	Direct sequencing of HBV DNA and HBV genotyping

	Discussion
	Conclusion
	Additional file
	Abbreviations
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

