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: Abstract

Hepatitis B virus (HBV) mfectlon can Iead to serious hver dlseases mcludxng Ilver c;rrho:ﬂs (LC) and hepatoceitular carcmoma -
~(HCO); however, about 85-90% of infected individuals become inactive carriers with sustained biochemical remission and'
- very low risk of LC or HCC. To identify host genetic factors contributing to HBV clearance, we conducted genome-wide [

association studies (GWAS) and replication analysis using samples from HBV carriers and spontaneously HBV-resolved

Japanese and Korean individuals. Association analysis in the Japanese and Korean data identified the HLA-DPA1 and HLA-
~ DPB1 genes With Preq=1.89x10" 2 for 1s3077 and e, =9.69x10° for rs9277542. We also found that the HLA-DPAT and

HLA-DPB1 genes were srgmf cantly associated with protective eﬁ’ects agalnst chromc hepatms B (CHB) in Japanese, Korean -
- and other Asian populations, mctudmg Chinese and Thai individuals (Pmem«440><10 ° for rs3077 and P,,,em-w,T 28x1071°

« for r59277542) These results suggest that the associations between the HLA-DP locus and the protective effects against

- persistent HBV infection and with clearance of HBV were rephcated widely in East Asian populat:ons* however, there are no
reports of GWAS in Caucasian or African populations. Based on the GWAS in this study, there were no significant SNPs

- associated with HCC deve opment Toc anfy the pathogenesss of CHB and the mechamsms of HBV clearance, further stud;es o

are necessary, mdudmg functlonal ana yses of the HLA DP moiecu!e , o o .
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Introduction

Overall, one-third of the world’s population (2.2 billion) is
infected with hepatitis B virus (HBV), and about 15% of these
are chronic carriers. About 75% of the chronic carriers live in
the east-south Asia and east pacific area, and there are 1.3-1.5
million chronic carriers living in Japan [1]. Of chronic carriers,
10-15% develop liver cirrhosis (LC), liver failure and hepato-
cellular carcinoma (HCC), and the remaining individuals
eventually achieve a state of nonreplicative infection, resulting
in hepatitis B surface antigen (HBsAg) negative and hepatitis B
core antibody (anti-HBc) positive, i.e. HBV-resolved individuals
[2-3]. In Japan, although the major route of HBV transmission
was perinatal transmission and horizontal transmission in early
childhood, infant HBV carriers have successfully been reduced
since 1986 through a selective vaccination policy by the
Japanese government [4-7]. However, the prevalence of HBV
genotype A in acute HBV (AHB) infection has increased
markedly since 2000, reaching approximately 52% in 2008 due
to the lack of a universal HB vaccination, and around 10% of
AHB cases could be persistent infection [8-9]. Viral factors, as
well as host factors, are thought to be associated with persistent
HB infection.

In 2009, significant associations between chronic hepatitis B
(CHB) and a region including HLA-DPAI and HLA-DPBI were
identified using 786 Japanese individuals having CHB and 2,201
control individuals through a two-stage genome-wide association
study (GWAS) [10]. The same group was also subjected to a
second GWAS using a total of 2,667 Japanese persistent HBV
infection cases and 6,496 controls, which confirmed significant
associations between the HLA-DP locus and CHB, in addition to
associations with another two SNPs located in the genetic region
including the HLA-DQ gene [11]. The associations between HLA-
DP variants with HBV infection were replicated in other Asian
populations, including Thai and Han Chinese individuals [10,12—
13]. With regard to HBV clearance, the association between the
human leukocyte antigen (HLA) class II allele and clearance of
HBV was confirmed by the candidate gene approach in African,
Caucasian and Asian populations [14-18]. However, in a previous
GWAS using samples of Japanese CHB and control individuals,
the clinical data on HBV exposure in the control individuals were
unknown, and this may have led to bias. Moreover, there have
been no reports of GWAS using samples from HBV carriers and
HBV-resolved individuals to identify host genetic factors associ-
ated with HBV clearance other than HLA class II molecules.

Here, we performed a GWAS using samples from Japanese
HBV carriers, healthy controls and spontaneously HBV-resolved
individuals in order to confirm or identify the host genetic factors
related to CHB and viral clearance. In the subsequent replication
analysis, we validated the associated SNPs in the GWAS using two
independent sets of Japanese and Korean individuals. In our
study, healthy controls were randomly selected with clinically no
evidence of HBV exposure, therefore, HBV-resolved individuals
were prepared to clearly identify the host genetic factors related
with CHB or HBV clearance.

Results

Protective Effects Against Chronic Hepatitis B in Japanese
and Korean Individuals

In this study, we conducted a GWAS using samples from 181
Japanese HBV carriers (including asymptomatic carriers (ASC),
CHB cases, LC cases and HCC cases, based on the criteria
described in Materials and Methods) and 184 healthy controls in
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order to identify the host genetic factors related to progression of
CHB. All samples were genotyped using a genome-wide SNP
typing array (Affymetrix Genome-Wide Human SNP Array 6.0
for 900 K SNPs). Figure la shows a genome-wide view of the
single point association data based on allele frequencies using the
SNPs that met the following filtering criteria: (i) SNP call rate
=95%; (if) minor allele frequency (MAF) =1% for HBV carriers
and healthy controls; and (iii) no deviation from Hardy-Weinberg
equilibrium (HWE) P=0.001 in healthy controls. We identified
significant associations of protective effects against CHB with two
SNPs (rs3077 and rs9277542) using the allele frequency model,
both of which are located in the 3' UTR of HLA-DPAI and in the
sixth exon of HLA-DPBI, respectively (rs3077, P=1.14x10"7, and
159277542, P=5.32x107% respectively). The association for
rs9277542 reached a genome-wide level of significance in the
GWAS panel (Bonferroni criterion P<8.36x107% (0.05/
597,789)).

In order to validate the results of GWAS, a total of 32 SNPs,
including the associated two SNPs (rs3077 and rs9277542), were
selected for replication in two independent sets of HBV carriers
and healthy controls (replication-1:256 Japanese HBV carriers and
236 Japanese healthy controls; and replication-2:344 Korean
HBV carriers and 151 Korean healthy controls; Table 1). The
associations for the original significant SNP (rs9277542) and
marginal SNP (rs3077) on GWAS were replicated in both
replication sets [replication-1 (Japanese); 153077, P=2.70x10"%,
OR =0.48 and 159277542, P=3.33x107°, OR =0.54; replica-
tion-2 (Korean); 153077, P=2.08x107%, OR =047 and
rs9277542, P=8.29%107°, OR =0.54, Table 2]. We conducted
meta-analysis to combine these studies using the DerSimonian
Laird method (random effects model) to incorporate variation
among studies. As shown in Table 2, the odds ratios were quite
similar across the three studies (GWAS and two replication studies)
and no heterogeneity was observed (P, = 0.80 for rs3077 and 0.40
for 159277542). P, values were 4.40x107"° for rs3077 (OR
=046, 95% confidence interval (CI)=0.39-0.54), and
1.28x107" for rs9277542 (OR =0.50, 95% CI=0.43-0.60).
Among the remaining 30 SNPs in the replication study, 27 SNPs
were successfully genotyped by the DigiTag?2 assay with SNP call
rate = 95% and HWE p-value = 0.01. Two SNPs (rs9276431 and
1s7768538), located in the genetic region including the HLA-DQ
gene, were marginally replicated in the two sets of HBV carriers
and healthy controls with Mantel-Haenszel P values of 2.80x1077
(OR =0.56, 95% CI=0.45-0.70) and 1.09x1077 (OR =0.53,
95% CI=0.42-0.67), respectively, when using additive, two-tailed
Cochran Mantel-Haenszel (CMH) fixed-effects model with no
evidence of heterogeneity (P, =0.67 for rs9276431 and 0.70 for
1s7768538) (Table S1).

Meta-analysis using the random effects model across 6
independent studies, including 5 additional published data,
showed P,,=3.94x107%, OR =055 for 13077,
Puw=1.74x10"%",  OR =061 for 1rs9277535 and
Pro=1.69x107"7, OR =051 for rs9277542, with the SNP
rs9277535 being located about 4-kb upstream from rs9277542 and
showing strong linkage disequilibrium of 1*=0.955 on the
HapMap JPT (Table S2). As shown in Table S2, the odds ratio
was very similar among the 6 studies, and heterogeneity was
negligible with P, >0.01.

Moreover, based on GWAS using samples from 94 chronic
HBV carriers with LG or HCC and 87 chronic HBV carriers
without LG and HCC, we found no significant SNPs associated
with CHB progression (Figure S1).
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Figure 1. Results of genome-wide association studies. a) HBV carriers and healthy controls, and b) HBV carriers and HBV-resolved individuals
were compared. P values were calculated by chi-squared test for allele frequencies. Dots with arrows on chromosome 6 show strong associations
with protective effects against persistent HB infection and with HBV clearance.

doi:10.1371/journal.pone.0039175.g001

Clearance of Hepatitis B virus in Japanese and Korean

Individuals

We also conducted a GWAS to identify the host genetic factors
related to clearance of HBV in the above 181 Japanese HBV
carriers and 185 Japanese HBV-resolved individuals using a
genome-wide SNP typing array (Affymetrix Genome-Wide
Human SNP Array 6.0 for 900 K SNPs). The same two SNPs
(rs3077 and rs9277542) showed strong associations in the allele
frequency model (P=9.24x1077 and P=3.15x107") with clear-
ance of HBV (Figure 1b).

The above 32 SNPs, including the two associated SNPs (rs3077
and 159277542), were selected for a replication study in two
independent sets of HBV carriers and HBV resolved individuals
(replication-1:256 Japanese HBV carriers and 150 Japanese HBV
resolved individuals; and replication-2:344 Korean HBV carriers
and 106 Korean HBV resolved individuals; Table 1). All 32 SNPs
were genotyped using the DigiTag? assay and 29 of 32 SNPs were
successfully genotyped (Table S3). The associations of the original
SNPs were replicated in both replication sets [replication-1
(Japanese): 1s3077, P=3.32x1072, OR =0.72 and 159277542,
P=1925x10"% OR =0.68; replication-2 (Korean): rs3077,
P=2.35x10"", OR =0.41 and rs9277542, P=4.97x10"°, OR
=0.46; Table 3]. Meta-analysis using random effects model
showed P, =156x10"* for rs3077 (OR =0.51, 95%
CI=0.36-0.72), and 5.91x1077 for rs9277542 (OR =0.55,
95% CI=0.43-0.69). While there was evidence of heterogeneity
between these studies for rs3077 (B, = 0.03) and no evidence for
159277542 (P, =0.19), significant associations with HBV clear-
ance were observed with Mantel-Haenszel P, = 3.28 x10™ "2 for
153077 and 1.42x107'° for 159277542, when using CMH fixed-
effects model. Among the remaining 27 SNPs in the replication
study, two SNPs (rs9276431 and rs7768538), located in a genetic
region including HLA-D(Q gene, were marginally replicated in the
two sets of HBV carriers and HBV resolved individuals with
Mantel-Haenszel P values of 2.10x107° (OR =0.59) and
1.10x107° (OR =0.56), respectively (Table S3), when using
CMH fixed-effect model. Due to the existing heterogeneity among
three groups (GWAS, Replication-1 and Replication-2) (P, =0.03
for rs9276431 and 0.04 for rs7768538), weak associations were

Table 1. Number of study samples.

GWAS Replication-1  Replication-2

population _ Japanese Japanese  Korean
HBV carriers Total 181 256 344
cH
e
 HeC
Healthy controls
Resolved indf#/iduayls : 185 150 106

Abbreviation: IC, Inactive Carrier; CH, Chronic Hepatitis; LC, Liver Cirrhosis; HCC,
Hepatocellular Carcinoma.
doi:10.1371/journal.pone.0039175.t001

@ PLoS ONE | www.plosone.org

observed with P, =0.03 for rs9276431 and 0.02 for rs7768538
by the random effects model meta-analysis.

Meta-analysis across 6 independent studies, including 5
additional published data, showed P,.,= 148x107°, OR
=0.60 for rs3077, P, =1.08x10""7, OR =0.66 for rs9277535
and P,,,= 5.14x107°, OR =0.55 for rs9277542 (Table S4). As
shown in Table S4, the OR for the rs9277535 and rs9277542 were
similar among the 6 independent studies, and heterogeneity was
negligible (#,,=0.03 for rs9277535 and 0.14 for rs9277542).
However, significant level of heterogeneity for rs3077 was
observed with P, =9.57x107° across 5 independent studies,
including our study.

URLs
The results of the present GWAS are registered at a public database:
https://gwas lifesciencedb jp/ cgi-bin/ gwasdb/ gwas_top.cgi.

Discussion

The recent genome-wide association study showed that the
SNPs located in a genetic region including HLA-DPAI and HLA-
DPBI genes were associated with chronic HBV infection in the
Japanese and Thai population [10,11]. In this study, we confirmed
a significant association between SNPs (rs3077 and rs9277542)
located in the same genetic region as HLA-DPAI and HLA-DPBI
and protective effects against CHB in Korean and Japanese
individuals. Mata-analysis using the random effects model across 6
independent studies including our study suggested that, widely in
East Asian populations, variants in antigen binding sites of HLA-
DP contribute to protective effects against persistent HBV
infection (Table S2).

On GWAS and replication analysis with Japanese and Korean
individuals, we identified associations between the same SNPs
(rs3077 and rs9277542) in the HLA-DPAI and HLA-DPBI genes
and HBV clearance; however, no new candidate SNPs from the
GWAS were detected on replication analysis (Table $3). When the
data of reference#18 was excluded from the meta-analysis across
6 independent studies, heterogeneity among 4 studies was
estimated to be Py, =0.15 and significant association of rs3077
with HBV clearance was observed with P, =5.88 % 10_24, OR
=0.56 (Table S4). In our study, a negligible level of heterogeneity
for rs3077 was also observed (Py,;=0.03) on meta-analysis by
adding replication-1 (Table 3). Despite the heterogeneity in
replication-1, a marginal association was observed for rs3077 with
the same downward trend in the odds ratio (P=3.32x107% OR
=0.72). Moreover, meta-analysis using GWAS and replication-2
showed significant association of P, = 1.89x107'%, OR =0.43
for rs3077 with no evidence of heterogeneity (F,,=0.75).
Although the reason why heterogeneity was observed in replica-
tion-1 is unclear, one possible reason is the clinical heterogeneity
due to different kits being used for antibody testing. The
associations of HLA-DPA1/—DPB] with CHB and HBV clearance
showed the same level of significance in the comparison of HBV
patients with HBV resolved individuals (OR = 0.43 for rs3077 and
0.49 for 159277542} as the one with healthy controls (OR =0.46
for 13077 and 0.50 for rs9277542), when the replication-1 was
excluded in the analysis (Table 2 and Table 3). The results of
meta-analysis across 6 independent studies including our study
also showed the same or slightly weaker associations in the

June 2012 | Volume 7 | Issue 6 | e39175
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Table 2. Results of replication study for protective effects against CHB.

Position MAF®  Allele Stage

dbSNP rsID  Chr  Buld 363 Nearest Gene  (allele) - {1/2)
rs3077 6 33141000 HLA-DPA1 0.44 T/C
m (Japanese}

{population)
GWAS

Replication-1
{Japanese)
Replication-2
{Korean)

Meta-analysis®

33163225 HLA-DPB1 0.45 T/C GWAS

m {Japanese)

rs9277542 6

Replication-1

{Japanese)

Replication-2
{Korean)

Meta-analysis®

HBV carriers Healthy controls OR®
1112 2211120 22 0 HWEp 95% Cl - PwvalueS - Py.d
1351 117 28 88 67 0919 042 1.14x1077
(7.2) (28.2) (64.6) (15.3) (48.1) (36:6) (0.30-0.58)
26 95 134 46 125 65 0309 048 2.70%x1078
(10.2) (37.3) (52.5) {19.5) (53.0) (27.5) (0.37-0.62)
23 81 111 31 74 40 0767 047 2.08x107°
(10.7) (37.7) (51.6) {21.4) (51.0) (27.6) {0.35-0.65)
0.46 440x107"° 0.80
, ; (039-054)
18 53 110 29 102 52 0073 042 532x1078
(9.9) '(29.3) (60.8) (15.8) (55.7) (28.4) {0.31-058) i
30 106 118 54 114 67 0681 0.54 3.33x107°
(11.8) (41.7) (465 (23.0) (48.5) (28.5) 0,42-0.70)
30 87 9 35 72 36 0933 054 829x107°
(142) (412) (445) (245) (503) (25.2) 040-0.74) -
0.50 1281075 0.40
{0.43-0.60)

2Minor allele frequency and minor allele in 198 healthy Japanese (ref#19).
0dds ratio of minor allele from two-by-two allele frequency table.

P value of Pearson’s chi-square test for allelic model.

9Heterogeneity was tested using general variance-based method.
*Meta-analysis was tested using the random effects model.
doi:10.1371/journal.pone.0039175.t002

comparison of HBV patients with HBV resolved individuals (OR
=0.56 for rs3077, 0.66 for rs9277535 and 0.55 for rs9277542)
than in the one with healthy controls (OR =0.55 for 153077, 0.61
for rs9277535 and 0.51 for rs9277542), which was the opposite
result as we expected (Table S2 and Table S4). These results may
suggest that other unknown immune system(s) exist to eliminate
the HBV in the HBV resolved individuals.

Among the HLA class IT loci (HLA-DPA1, HLA-DPBI and HLA-
DQB2), which were associated with GHB and HBV clearance, a
weak linkage disequilibrium (r2<0.1) was observed between HLA-
DQB2 locus and HLA-DPA1/—DPBI loci in Japanese and Korean
populations (Figure S2). We also found that similar linkage
disequilibrium blocks (r) were observed among three subgroups
(HBV carriers, HBV resolved individuals and Healthy controls).
Moreover, logistic regression analysis of HLA-DP (rs3077 and
rs92775542) with use of HLA-DQ (rs9276431 and rs768538) as
covariates showed that the same level of significant associations of
HILA-DP with CHB and HBV clearance as shown in the single-
point association analysis, while no associations of HLA-DQ with
Ppe >0.05 were detected both in Japanese and in Korean (Table
S5). These results show that HLA-DP is the main genetic factor for
susceptibility to GHB and HBV clearance, and the associations of
HILA-DQB2 would result from linkage disequilibrium of HLA-
DPA1/—DPBI.

In this study, we confirmed the significant associations between
HIA-DPAI and HLA-DPBI, and protective effects against CHB
and HBV clearance in Japanese and Korean individuals. These
results suggest that the associations between the HLA-DP locus,
CHB and HBV clearance are widely replicated in East Asian
populations, including Chinese, Thai, Japanese and Korean
individuals; however, there have been no similar GWAS
performed in Caucasian and African populations. Moreover,

@ PLoS ONE | www.plosone.org

there were no significant SNPs associated with HCC development
in this study, thus suggesting that it is necessary to increase the
sample size. To clarify the pathogenesis of CHB or the
mechanisms of HBV clearance, further studies are necessary,
including a functional study of the HLA-DP molecule, identifica-
tion of novel host genetic factors other than HLA-DP, and
variation analysis of HBV.

Materials and Methods

Ethics Statement

All study protocols conform to the relevant ethical guidelines, as
reflected in the a priori approval by the ethics committees of all
participating universities and hospitals. The written informed
consent was obtained from each patient who participated in this
study and all samples were anonymized.

Genomic DNA Samples and Clinical Data

All of the 1,793 Japanese and Korean samples, including
individuals with CHB, healthy controls and HBV-resolved
individuals (HBsAg-negative and anti-HBc-positive), were col-
lected at 20 multi-center hospitals (liver units with hepatologists)
throughout Japan and Korea. The 19 hospitals in Japan were
grouped into the following 8 areas: Hokkaido area (Hokkaido
University Hospital, Teine Keijinkai Hospital), Tohoku area
(Iwate Medical University Hospital), Kanto area (Musashino Red
Cross Hospital, Saitama Medical University, Kitasato University
Hospital, University of Tokyo), Koshin area (Shinshu University
Hospital, Kanazawa University Hospital), Tokai area (Nagoya
City University Hospital, Nagoya Daini Red Cross Hospital),
Kinki area (Kyoto Prefectural University of Medicine Hospital,
National Hospital Organization Osaka National Hospital, Osaka

June 2012 | Volume 7 | Issue 6 | e39175
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Table 3. Results of replication study for clearance of hepatitis B virus.

HBYV carriers

Position

MAF? Allele Stage Resolved individuals ORP

) (population)

Replication-1

1.89%107'% 075

Meta-analysis®
 (GWAStreplicati
GWAS 18 53

110 28 88 69 0.51 3.15x107°

AR

159277542 33163225HLADPBT 045 T/C
. m Uwpenesel (990 (293) (608 (1) @76) (73) 037070
© Replication1 30 106 118 28 6 52 068 125107
. Uapanese) (118 (417) (65 (197) (437) (366) (05109
Replication2 30 87 94 30 53 22 046  497x10°°
 Korean)  (142) (412) (445) (86) (505 (21.0) (033064
Mefa-analysise - o055 591x107 019
o : | : G
' Meta;anai\ysisE 049 ' 0.60x107° 0,65
WASrepl emee

*Minor allele frequency and minor allele in 198 healthy Japanese (ref#19).
®0dds ratio of minor allele from two-by-two allele frequency table.

P value of Pearson’s chi-square test for allelic model.

YHeterogeneity was tested using general variance-based method.
“Meta-analysis was tested using the random effects model.
doi:10.1371/journal.pone.0039175.t003

City University), Chugoku/Shikoku area (Tottori University
Hospital, Ehime University Hospital, Yamaguchi University
Hospital, Kawasaki Medical College Hospital) and Kyushu area
(Kurume University Hospital). Korean samples were collected at
Yonsei University College of Medicine.

HBV status was measured based on serological results for
HBsAg and anti-HBc with a fully automated chemiluminescent
enzyme Immunoassay system (Abbott ARCHITECT; Abbott
Japan, Tokyo, Japan, or LUMIPULSE f or G1200; Fujirebio,
Inc., Tokyo, Japan). For clinical staging, inactive carrier (IC) state
was defined by the presence of HBsAg with normal ALT levels
over 1 year (examined at least four times at 3-month intervals) and
without evidence of portal hypertension. Chronic hepatitis (CH)
was defined by elevated ALT levels (>1.5 times the upper limit of
normal [35 IU/L]) persisting over 6 months (at least by 3
bimonthly tests). Liver cirrhosis (LC) was diagnosed principally by
ultrasonography (coarse liver architecture, nodular liver surface,
blunt liver edges and hypersplenism), platelet counts <100,000/
em®, or a combination thereof. Histological confirmation by fine-
needle biopsy of the liver was performed as required. Hepatocel-
lular carcinoma (HCC) was diagnosed by ultrasonography,
computerized tomography, magnetic resonance imaging, angiog-
raphy, tumor biopsy or a combination thereof.

The Japanese control samples from HBV-resolved subjects
(HBsAg-negative and anti-HBc-positive) at Nagoya City Universi-
ty-affiliated healthcare center were used by comprehensive agree-

@ PLoS ONE | www.plosone.org

ment (anonymization in an unlinkable manner) in this study. Some
of the unrelated Japanese healthy controls were obtained from the
Japan Health Science Research Resources Bank (Osaka, Japan).
One microgram of purified genomic DNA was dissolved in 100 pl
of TE buffer (pH 8.0) (Wako, Osaka, Japan), followed by storage at
—20°C until use.

SNP Genotyping and Data Cleaning

For GWAS, we genotyped a total of 550 individuals, including
181 Japanese HBV carriers, 184 Japanese healthy controls and
185 spontaneously HBV-resolved Japanese individuals (HBsAg-
negative and anti-HBc-positive), using the Affymetrix Genome-
Wide Human SNP Array 6.0 (Affymetrix, Inc., Santa Clara, CA),
in accordance with the manufacturer’s instructions. The average
QG call rate for 550 samples reached 98.47% (95.00-99.92%),
which had an average sample call rate of 98.91% (93.55-99.74%)
by determining the genotype calls of over 900 K SNPs using the
Genotyping Console v4.1 software (with Birdseed vl algorithm)
provided by the manufacturer [19]. We then applied the following
thresholds for SNP quality control in data cleaning: SNP call rate
=95% and MAF =1% for three groups (HBV carriers, healthy
controls and HBV-resolved individuals), and HWE P-value
=0.001 for healthy controls [20]. Here, SNP call rate is defined
for each SNP as the number of successfully genotyped samples
divided by the number of total samples genotyped. A total of
597,789 SNPs and 590,278 SNPs on autosomal chromosomes
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passed the quality control filters in the genome-wide association
analysis using HBV carriers and healthy controls, and using HBV
carriers and HBV-resolved individuals, respectively (Figure 1). All
cluster plots for the SNPs showing P<0.0001 on association
analyses in the allele frequency model were confirmed by visual
inspection, and SNPs with ambiguous cluster plots were excluded.

In the following replication stage, we selected a set of 32 SNPs
with P<0.0001 in the GWAS using HBV carriers and HBV-
resolved individuals. SNP genotyping in two independent sets of
256 Japanese HBV carriers, 236 Japanese healthy controls and
150 Japanese HBV-resolved individuals (Table 1, replication-1),
and 344 Korean HBV carriers, 151 Korean healthy controls and
106 Korean HBV-resolved individuals (Table 1, replication-2) was
completed for the selected 32 SNPs using the DigiTag?2 assay
[21,22] and custom TagMan SNP Genotyping Assays (Applied
Biosystems, Foster City, CA) on the LightCycler 480 Real-Time
PCR System (Roche, Mannheim, Germany).

Statistical Analysis

The observed associations between SNPs and the protective
effects on chronic hepatitis B or clearance of hepatitis virus B were
assessed by chi-squared test with a two-by-two contingency table
in allele frequency model. SNPs on chromosome X were removed
because gender was not matched among HBV carriers, healthy
controls and HBV-resolved individuals. A total of 597,789 SNPs
and 590,278 SNPs passed the quality control filters in the GWAS
stage; therefore, significance levels after Bonferroni correction for
multiple testing were P=8.36x107% (0.05/597,789) and
P=8.47x107% (0.05/590,278), respectively. For the replication
study, 29 of 32 SNPs were successfully genotyped; therefore, we
applied P=0.0017 (0.05/29) as a significance level, and none of
the 29 markers genotyped in the replication stage showed
deviations from the Hardy-Weinberg equilibrium in healthy
controls (P>0.01).

The genetic inflation factor A was estimated by applying the
Cochrane-Armitage test on all SNPs and was found to be 1.056
and 1.030 in the GWAS using HBV carriers and healthy controls,
and using HBV carriers and HBV-resolved individuals, respec-
tively (Figure S3). These results suggest that the population
substructure should not have any substantial effect on statistical
analysis. In addition, the principal component analysis in a total of
550 individuals in the GWAS stage together with the HapMap
samples also revealed that the effect of population stratification
was negligible (Figure S4).

Based on the genotype data of a total of 1,793 samples including
1,192 Japanese samples and 601 Korean samples in both GWAS
and replication stages, haplotype blocks were estimated using the
Gabriel’s algorithm using the Haploview software (v4.2) (Figure
52). In the logistic regression analysis, two SNPs (rs9276431 and
rs7768538) within the HLA-DQ) locus were individually involved
as a covariate (Table S5). Statistical analyses were performed using
the SNP & Variation Suite 7 software (Golden Helix, MT, USA).

Supporting Information

Figure S1 GWAS using samples from HBV carriers with
LC or HCC, and HBV carriers without LC and HCC. P
values were calculated using chi-squared test for allele frequencies.
(PPTX)

Figure S2 Estimation of linkage disequilibrium blocks
in HBV patients, HBV resolved individuals and healthy
controls in Japanese and Korean. The LD blocks (r?) were
analyzed using the Gabriel’s algorithm.

(PPTX)
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Association of HLA-DP with CHB and Viral Clearance

Figure 83 Quantile-quantile plot for test statistics
(allele-based chi-squared tests) for GWAS results. Dots
represent P values of each SNP that passed the quality control
filters. Inflation factor A was estimated to be: a) 1.056 in the
analysis with HBV carriers and healthy controls; and b) 1.030 with
HBV carriers and HBV-resolved individuals.

(PPTX)

Figure 84 Principal component analysis on a total of
550 individuals in GWAS, together with HapMap
samples (CEU, YRI and JPT).

PPTX)

Table S1 Results for 29 SNPs selected in replication
study using samples of HBV carriers and healthy
controls. *P values by chi-squared test for allelic model. "Odds
ratio of minor allele from two-by-two allele frequency table.
“Meta-analysis was tested using additive, two-tailed CMH fixed-
effects model.

(XLSX)

Table §2 Results of meta-analysis for protective effects
against persistent HB infection across 6 independent
studies, including this study. *Minor allele frequency and
minor allele in 198 healthy Japanese (ref#19). "Odds ratio of
minor allele from two-by-two allele frequency table. “P value of
Pearson’s chi-squared test for allele model. “Heterogeneity was
tested using general variance-based method. “Meta-analysis was
tested using the random effects model.

(XLSX)

Table 83 Results for 29 SNPs selected in replication
study wusing samples from HBV carriers and HBV-
resolved individuals. *P values by chi-squared test for allelic
model. "Odds ratio of minor allele from two-by-two allele
frequency table. “Meta-analysis was tested using additive, two-
tailed CMH fixed-effects model.

(XLSX)

Table 84 Results of meta-analysis for clearance of HBV
across 6 independent studies, including this study.
“Minor allele frequency and minor allele in 198 healthy Japanese
(ref#19). POdds ratio of minor allele from two-by-two allele
frequency table. “P value of Pearson’s chi-squared test for allele
model. “Heterogeneity was tested using general variance-based
method. “Meta-analysis was tested using the random effects model.
(XLSX)

Table 85 Logistic regression analysis of HLA-DP
(rs3077 and rs9277542) and HLA-DQ (rs9276431 and
rs7768538) with susceptibility to CHB and HBV clear-
ance using the HLA-DQ genotypes individually as a

covariate.

(XLSX)
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Abstract

populations.

in HCC susceptibility among these Asian populations.

Background: A recent genome-wide association study (GWAS) using chronic HBV (hepatitis B virus) carriers with
and without hepatocellular carcinoma (HCC) in five independent Chinese populations found that one SNP
(rs17401966) in KIF1B was associated with susceptibility to HCC. In the present study, a total of 580 HBV-derived
HCC cases and 1351 individuals with chronic hepatitis B (CHB) or asymptomatic carrier (ASC) were used for
replication studies in order to evaluate the reported association with HBV-derived HCC in other East Asian

Results: We did not detect any associations between rs17401966 and HCC in the Japanese cohorts (replication 1:
OR=1.09, 95 % Cl=0.82-143; replication 2: OR=0.79, 95 % C1=0.54-1.15), in the Korean cohort (replication 3:
OR=10.95, 95 % Cl=0.66-1.36), or in the Hong Kong Chinese cohort (replication 4: OR=1.17, 95 % Cl=0.79-1.75).
Meta-analysis using these cohorts also did not show any associations with P=0.97.

Conclusions: None of the replication cohorts showed associations between rs17401966 and HBV-derived HCC. This
may be due to differences in the genetic diversity among the Japanese, Korean and Chinese populations. Other
reasons could be the high complexity of multivariate interactions between the genomic information and the
phenotype that is manifesting. A much wider range of investigations is needed in order to elucidate the differences

Keywords: Hepatitis B, hepatocellular carcinoma, candidate SNP, replication study, genome-wide association study

Background

Hepatitis B (HB) is a potentially life-threatening liver in-
fection caused by the hepatitis B virus (HBV), and ap-
proximately 360 million people worldwide are thought
to be chronically infected with HBV. The clinical course
of HBV infection is variable, including acute self-limiting
infection, fulminant hepatic failure, inactive carrier state
and chronic hepatitis with progression to cirrhosis and
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'Department of Human Genetics, Graduate School of Medicine, The
University of Tokyo, 7-3-1 Hongo, Bunkyo-ku, Tokyo 113-0033, Japan
Full list of author information is available at the end of the article

C ) BiolMied Central

hepatocellular carcinoma (HCC). Although some HBV
carriers spontaneously eliminate the virus, 2-10 % of
individuals with chronic HB (CHB) develop liver cirrho-
sis every year, and a subset of these individuals suffer
from liver failure or HCC. Around 600,000 new HCC
cases are diagnosed annually worldwide, with HCC
being relatively common in Asia-Pacific countries and
sub-Saharan Africa; more than 70 % of HCC patients are
diagnosed in Asia (with 55 % in China) [1]. However,
HCC is relatively uncommon in the USA, Europe and
Australia [1,2]. The majority of HCC develops in
patients with cirrhosis, which is most often attributable

© 2012 Sawai et al; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative
Commons Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly cited.
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to chronic HBV infection followed by chronic HCV in
the Asia-Pacific region [3].

A recent genome-wide association study (GWAS)
using Japanese CHB cases and controls confirmed that
11 SNPs in a region including HLA-DPAI and -DPBI
were associated with CHB [4]. Moreover, a GWAS using
chronic HBV carriers with and without HCC in five in-
dependent Chinese populations reported that one SNP
(rs17401966) in KIF1B was associated with HCC suscep-
tibility [5]. In the present study, we performed replication
studies using Japanese, Korean and Hong Kong Chinese
cases and controls in order to evaluate the reported
association with HBV-derived HCC in other East Asian
populations.

Results

We performed SNP genotyping of rs17401966 located in
the KIFIB gene for the purpose of replication analysis of
the previous GWAS report [5]. Four distinct cohorts
were used for these replication analyses (Table 1). We
first examined two independent Japanese case—control
samples including 179 cases and 769 controls from
Biobank Japan (replication 1), and 142 cases and 251 con-
trols from various hospitals (replication 2). We did not de-
tect any associations between rs17401966 and HCC in the
Japanese cohorts (replication 1: OR=1.09; 95 % Cl=
0.82-1.43, replication 2: OR=0.79; 95 % CI=0.54-1.15).
We further examined Korean case—control samples com-
prising 164 cases and 144 controls (replication 3) and
Hongkongese 94 HCC cases and 187 CHB controls (repli-
cation 4), but again did not detect any association
(replication 3: OR=0.95; 95 % CI=0.66-1.36, replica-
tion 4: OR=1.17; 95 % CI=0.79-1.75). Logistic regression
analysis adjusted for age and gender also did not show any
association (Pjog =0.65, 0.27, 0.11, 0.56 for each replication
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panel). Moreover, we conducted meta-analysis to combine
these studies, also not detect any association (Ppet, = 0.97).

Discussion and conclusions
Zhang et al. [5] reported that SNP rs17401966 was
significantly associated with HBV-related HCC (joint
OR=0.61). They conducted a GWAS using 348 cases
and 359 controls in a population in Guangxi in
southern China, and selected 45 SNPs for the replica-
tion study based on the results (P < 10%). In the first
replication study, they used 276 cases and 266 controls
from Beijing in northern China, and 5 SNPs showed the
same direction of association as in the GWAS (P < 0.05).
They performed a further replication study (of 507 cases
and 215 controls) in Jiangsu in eastern China and
only one SNP showed the same trend (P=3.9x107).
Guangdong and Shanghai samples from southern and east-
ern China were used for further replication studies. The as-
sociation yielded a p-value of 1.7 x 10™® on meta-analysis.
We performed four replication analyses using Japanese,
Korean and Hong Kong Chinese samples (Table 1). Al-
though sample size of each cohort is smaller than that of
the previous GWAS, we conducted mete-analysis of all
our study. The result did not show any association be-
tween rs17401966 and HBV-derived HCC (P, = 0.97).
This may be due to differences in genetic diversity
among Japanese, Korean and Chinese populations. A
maximum-likelihood tree of 126 populations based on
19,934 SNPs showed that Japanese and Korean popu-
lations form a monophyletic clade with a 100 % boot-
strap value [6]. However, Chinese populations form a
paraphyletic clade with two other populations. This
indicates that Japanese and Korean populations are
genetically closer to one another than the Chinese
population.

Table 1 Association between rs17401966 and HBV-derived HCC

cohort sample size cases controls OR
(cases/controls) GG AG AA GG AG AA HWE p (95 % Cl) pe Pret °
replication 1 179/769 13 61 105 45 261 463 0599 1.09 0578
(Japan 1) (7.2) (34.1) (58.7) (5.9) (339 (60.2) (0.82-143)
replication 2 142/251 5 46 91 14 91 146 1 0.79 0212
(Japan 2) (3.5 (324) (64.1) (5.6) (36.2) (58.2) (0.54-1.15)
replication 3 164/144 17 59 88 15 55 74 0616 0.95 0.790
(Korea) (104) (36.0) (53.6) (104) (38.2) (51.4) (0.66-1.36)
replication 4 94/187 10 39 44 13 80 94 0.767 117 0432
(Hong Kong) (106) (41.5) (46.8) (6.9) (42.8) (50.3) (0.79-1.75)
Meta-analysis © 0.9% 0.965 0423
(0.84-1.18)

P value of fisher’s exact test for allele model.
PResult of Breslow-Day test.
“Results of meta-analysis were calculated by the Mantel-Haenzel method.
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We did not find any association with Hong Kong
Chinese cohort (P =0.43). Moreover, a study using 357
HCC cases and 354 HBV-positive non-HCC controls in
Hong Kong Chinese did not show any significant differ-
ence (P=0.91) [7]. Previous population studies have
revealed that various Han Chinese populations show vary-
ing degrees of admixture between a northern Altaic clus-
ter and a southern cluster of Sino-Tibetan/Tai-Kadai
populations in southern China and northern Thailand [6].
Although Hong Kong is located closed to the Guangdong
(cohort 3 of Zhang et al study), there is great heterogen-
eity for rs17401966 between Hong Kong cohorts (our
study and Chan’s study [7]) and Guangdong cohort {our
study versus Zhang’s study: Ppec = 0.0066; Chan’s study ver-
sus Zhang’s study: P, =0.035). This result suggests the
existence of other confounding factors, which can differ-
entiate the previous study in China and this study.

One of the possible reasons could be the high com-
plexity of multivariate interactions. between the genomic
information and the phenotype that is manifesting. HCC
development is a multiple process which links to causa-
tive factors such as age, gender, environmental toxins, al-
cohol and drug abuse, higher HBV DNA levels, and
HBV genotype variations [8]. The eight HBV genotypes
display distinct geographical and ethnic distributions.
Genotypes B and C are prevalent in Asia. Specific varia-
tions in HBV have been associated with cirrhosis and
HCC. These variations include in particular mutations in
pre-core region (Pre-C), in basal core promoter (BCP) and
in ORF encoding Pre-S1/Pre-S2/S and Pre-C/C. Because
there is an overlap between Pre-C or BCP mutations and
genotypes, these mutations appear to be more common in
genotype C as compared to other genotypes [9].

Aflatoxins are a group of 20 related metabolites and
Aflatoxin B1 is the most potent naturally occurring chem-
ical liver carcinogen known. Aflatoxin exposures multipli-
catively increase the risk of HCC in people chronically
infected with HBV, which illustrates the deleterious im-
pact that even low toxin levels in the diet can have on
human health [10-12]. Liu and Wu estimated population
risk for aflatoxin-induced HCC around the world [13].
Most cases occur in sub-Saharan Africa, Southeast Asia
and China, where populations suffer from both high HBV
prevalence and largely uncontrolled exposure to aflatoxin
in food. But we could not obtain the information of these
confounding factors from both of the previous GWAS
study and this study. A much wider range of investigations
is thus needed in order to elucidate the differences in
HCC susceptibility among these Asian populations.

Methods

Samples

Case and control samples used in this study were collected
from Japan, Korea and Hong Kong listed in supplementary
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Additional file 1: Table S1. A total of 179 cases and 769
control subjects were analyzed in the first replication study.
DNA samples from both CHB controls and HBV-related
HCC cases used in this study were obtained from the
BioBank Japan at the Institute of Medical Science, the
University of Tokyo [14]. Among the BioBank Japan sam-
ples, we selected HBsAg-seropositive CHB patients with
elevated serum aminotransferase levels for more than six
months, according to the guidelines for diagnosis and
treatment of chronic hepatisis from The Japan Society of
Hepatology (http://www.jsh.or.jp/medical/gudelines/index.
html). The mean (and standard deviation; SD) age was 62.0
(9.4) years for the cases and 54.7 (13.5) years for the con-
trols. The second Japanese replication sample sets for the
cases (n=142) and controls (n=251) study were obtained
from 16 hospitals. The case samples for the second repli-
cation included 142 HCC patients and the controls
included 135 CHB patients and 116 asymptomatic carriers
(ASC). The mean (SD) age was 61.3 (10.2) years for the
cases and 56.2 (10.9) years for the controls. The Korean
replication samples were collected from Yonsei University
College of Medicine. The third replication set was com-
posed of 165 HCC patients and 144 CHB patients. The
mean (SD) age was 52.2 (8.9) and 37.3 (11.3) years for the
cases and controls, respectively. The samples in Hong
Kong were collected from the University of Hong Kong,
Queen Mary Hospital. The fourth replication set was
composed of 94 HCC patients and 187 CHB patients. The
mean (SD) age was 58.0 (10.5) and 56.9 (8.3) years for the
cases and controls, respectively. All participants provided
written informed consent. This research project was
approved by the Research Ethics Committees at the
Institute of Medical Science and the Graduate School of
Medicine, the University of Tokyo, Yonsei University
College of Medicine, the University of Hong Kong, Nationa
Center for Global Health and Medicine, Hokkaido
University Graduate School of Medicine, Teine Keijinkai
Hospital, Iwate Medical University, Saitama Medical
University, Kitasato University School of Medicine,
Musashino Red Cross Hospital, Kanazawa University
Graduate School of Medicine, Shinshu University School of
Medicine, Nagoya City University Graduate School of
Medical Sciences, Kyoto Prefectural University of Medicine,
National Hospital Organization Osaka National Hospital,
Kawasaki Medical College, Tottori University, Ehime
University Graduate School of Medicine, and Kurume
University School of Medicine.

SNP Genotyping

For the first replication samples, we genotyped rs17401966
using PCR-based Invader assay (Third Wave Technologies,
Madison, WI) [15], and for the second, third and fourth
replication samples, we used TagMan genotyping assay
(Applied Biosystems, Carlsbad, CA). In the TagMan SNP
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genotyping assay, PCR amplification was performed in a
5-ul reaction mixture containing 1 pl of genomic DNA,
2.5 ul of KAPA PROBE FAST qPCR Master Mix (Kapa
Biosystems, Woburn, MA), and 40 x TagMan SNP
Genotyping Assay probe (ABI) for this SNP. QPCR thermal
cycling was performed as follows: 95°C for 3 min, followed
by 40 cycles of 95°C for 15 s and 60°C for 1 min. The SNP
call rate of each replication panel was 100 %, 100 %, 99.7 %
and 99.6 %.

Statistical analysis

We performed Hardy-Weinberg equilibrium test for the
case and control samples in each replication study. Fisher’s
exact test was applied to two-by-two contingency tables for
three different genetic models; allele frequency, dominant
and recessive model. Odds ratios and confidence intervals
were calculated using the major alleles as references. Meta-
analysis was conducted using the Mantel-Haenszel method.
Heterogeneity among studies was examined by using the
Breslow-Day test. Genotype-phenotype association for the
SNP 1517401966 was assessed using logistic regression ana-
lysis adjusted for age and gender in plink 1.07 (http://pngu.
mgh.harvard.edu/~purcell/plink/index.shtml).
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The transmission rate of intra-familial hepatitis
B virus (HBV) and mode of transmission were
investigated in north eastern Egypt. HBV infec-
tion was investigated serologically and con-
firmed by molecular evolutionary analysis in
family members (N = 230) of 55 chronic hepati-
tis B carriers (index cases). Hepatitis B surface
antigen (HBsAg) and hepatitis B core antibody
(anti-HBc) prevalence was 12.2% and 23%
among family members, respectively. HBsAg
carriers were prevalent in the age groups; <10
(16.2%) and 21-30 years (23.3%). The preva-
lence of HBsAg was significantly higher in the
family members of females (19.2%) than males
(8.6%) index cases (P = 0.031). HBsAg and anti-
HBc seropositive rates were higher significantly
in the offspring of females (23%, 29.8%) than
those of the males index cases (4.3%, 9.8%)
(P = 0.001, 0.003), as well as higher in the off-
spring of an infected mother (26.5, 31.8%) than
those of an infected father (4.7%, 10.5%)
(P = 0.0006, 0.009). No significant difference
was found in HBsAg seropositive rates between
vaccinated (10.6%) and unvaccinated family
members (14.8%). Phylogenetic analysis of the
preS2 and S regions of HBV genome showed
that the HBV isolates were of subgenotype D1
in nine index cases and 14 family members.
HBV familial transmission was confirmed in
five of six families with three transmission pat-
terns; maternal, paternal, and sexual. It is con-
cluded that multiple intra-familial transmission
routes of HBV genotype D were determined; in-
cluding maternal, paternal and horizontal. Uni-
versal HBV vaccination should be modified by
including the first dose at birth with (HBIG)
administration to the newborn of mothers

© 2012 WILEY PERIODICALS, INC.

infected with HBV. J. Med. Virol. 84:587-
595, 2012. © 2012 Wiley Periodicals, Inc.

KEY WORDS: HBV genotype D; intra-familial
transmission; vaccine

INTRODUCTION

Chronic hepatitis B virus (HBV) infection is a major
health problem worldwide and is affecting approxi-
mately 350 million individuals [Lee, 1997]. Infection
with HBV may lead to chronic state of hepatitis in
5-10% of patients who acquired the infection in the
adult life and in 80-90% of patients who acquired the
infection in the infancy [Chen, 1993]. Infection with
HBYV can lead to a progressive liver disease including
liver cirrhosis and hepatocellular carcinoma (HCC)
with approximately 1 million HBV-associated deaths
from HCC every year [Seeger and Mason, 2000; Kao
and Chen, 2002].

Based on the proportion of the population who are
seropositive for hepatitis B surface antigen (HBsAg),
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the world is divided conceptually into zones of high,
intermediate, and low HBV endemic areas [Lavanchy,
2004]. In countries where the HBV infection is endem-
ic, most infections result from the vertical transmis-
sion from the mother to the child in the peripartum
period or from the infection in the early childhood. In
the low HBV endemic regions, the neonatal or the
childhood HBYV infection is rare or even sporadic and
the transmission of HBV occurs primarily among un-
vaccinated adults through the sexual transmission
and injecting drug use [Custer et al., 2004].

Patients with chronic hepatitis B are considered to
be the major reservoirs for the transmission of HBV.
High incidence of infection with HBV is observed
within the household contacts of chronic HBV carriers
and it is not rare to have several members of the
same household who have evidence of infection with
HBYV [Milas et al., 2000; Thakur et al., 2002]. Howev-
er, the precise mechanisms of intra-familial spread
have not been established clearly.

Different prophylactic strategies for controlling the
HBYV infection have been used by different countries
depending on the prevalence of the HBV infection in
each country [Poland and Jacobson, 2004]. The wide-
spread immunization program against hepatitis B,
which was implemented in more than 100 countries,
was capable of dramatic reduction in the occurrence
of chronic HBV infection and HCC [Zuckerman,
1997]. In Egypt, the HBV vaccine was included in
1992 in the Expanded Program of Immunization with
injection at 2, 4, and 6 months of age [El Sherbini
et al., 2006]. This program resulted in a significant
reduction in the rate of acute symptomatic hepatitis B
among the children in the age group eligible to receive
the vaccine [Zakaria et al., 2007].

At least eight HBV genotypes have been identified
based on the divergence of 8% or more of the entire
nucleotide sequence and most of the HBV genotypes
have a distinct geographical distribution [Okamoto
et al., 1988; Norder et al., 1994; Stuyver et al., 2000].
Accumulated evidences indicated the difference in the
virological characteristics among different HBV geno-
types, which is reflected by the difference in the clini-
cal outcome of infection with hepatitis B according to
the infecting genotype [Miyakawa and Mizokami,
2003; Schaefer, 2005; Ozasa et al., 2006; Sugiyama
et al., 2006]. However, data regarding the specificity
of the transmission routes of each genotype is still
scarce globally and need to be clarified.

The prevalence of HBV ranges between 2% and 6%
in Egypt with the predominance of infection with
HBV genotype D [Zekri et al., 2007]. It is widely
known that Egypt is one of the countries with highest
prevalence rate of infection with HCV in the world
[el-Zayadi et al., 1992; Arthur et al., 1993; el Gohary
et al., 1995]. However, the burden of HBV related pro-
gressive liver disease including liver cirrhosis and
HCC in Egypt is observable either single or in a dual
infection with HCV [Abdel-Wahab et al., 2000;
el-Zayadi et al., 2005].

J. Med. Virol. DOI 10.1002/jmv
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This study aimed to evaluate the prevalence of
infection with HBV within the families of chronic
HBYV carriers in north Eastern Egypt. In addition, the
intra-familial mode of transmission of HBV genotype
D was also examined in the current cohort by the mo-
lecular evolutionary analyses. The impact of the HBV
immunization programme in protecting this high-risk
group was also investigated.

PATIENTS AND METHODS
Patients
The present study was conducted between

January 2008 and June 2008 at the Communicable
Disease Research and Training Centre, in Suez city.
The study protocol was approved by the ethics commit-
tees of the participating institution and an informed
consent was obtained from the included subjects.

Chronic HBV carriers were defined as individuals
whose serum samples tested positive for HBsAg for at
least 6-months period. Patients who fulfilled the crite-
ria of chronic HBV carriers and were first detected
within their families, were defined as the index cases
(n = 55). The index cases included 40 (72.7%) men
and 15 (27.3%) women. Their mean age (+ SD) was
41 4 10.7 years and all the index cases were negative
for HBeAg.

A total of 230 household contacts of the index cases
were included in the study and defined as family
members group. Data regarding their family relation-
ship to the index cases, age, and the HBV vaccination
history have been obtained.

According to the kinship of the family members to
the index case group, the family members included
139 offspring, 4 parents, 46 spouses, 15 siblings, and
26 defined as other relatives who are living in the
same house with the index cases.

Serological Methods

Serum samples were collected from the index cases
and family members groups.

The Serum samples were examined for HBsAg,
anti-HBc, anti-HBs, and HBeAg by the chemilumines-
cence enzyme immunoassay with the commercial
assay kits (Fujirebio, Inc., Tokyo, Japan). The exami-
nation of the serum samples for anti-HCV and HIV
was conducted using commercial kits (Abbott Labora-
tories, Abbott Park, IL).

Molecular Evolutionary Analysis

The HBV/DNA was extracted from 200 pl of serum
samples positive for HBsAg using the QIAamp DNA
MiniKit (QIGEN, Inc., Hilden, Germany), and re-sus-
pended in 100 pl of a storage buffer (provided by the
kit manufacturer).

The entire preS2 and S regions of the HBV genome
(799 nucleotides; nucleotide positions 34-833) were
amplified using the primers set and the conditions
described previously [Sugauchi et al., 2001].
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The amplified products were sequenced using Prism
Big Dye (Pekrin-Elmer Applied Biosystems, Foster
City, CA) in the ABI 3100 DNA automated sequencer
according to the manufacturer’s protocol. The
sequences were aligned together with the CLUSAL X
software programme [Thompson et al., 1994].

The phylogenetic tree was constructed using the
neighbor joining method with Tamura-Nei’s distance
correction model using the Online Hepatitis Virus da-
tabase (http://s2as02.genes.nig.acjp/) [Shin et al.,
2008]. The Bootstrap values were determined on 1000
database resampling tests. The sequences of other
HBYV isolates used for the construction of the phyloge-
netic tree were retrieved from the DDBJ/EMBL/
GenBank sequence database and were indicated in
their accession numbers. The new nucleotide sequen-
ces data that were reported in this manuscript will
appear in the DDBJ/EMBL/GenBank sequence data-
base with accession numbers AB561825-AB561856.

Statistical Analysis

Statistical analysis was performed with the Fisher’s
exact probability test and the independent ¢-test
for the continuous variables using the SPSS
software package (SPSS, Chicago, IL). P-values
(two-tailed) <0.05 were considered to be significant
statistically.

RESULTS

The family member included 96 (41.7%) males and
134 females (568.3%). Their mean age (£SD) was
20.6 + 14.6. The rate of seropositivity for HBsAg and
anti-HBc was 12.2% (28/230) and 23% (53/230) of
the family members group with no statistical signifi-
cant difference between the males and females
members.

Age Group Distribution of HBV Infection Within
the Family Members Group

Figure 1 illustrates the HBsAg and anti-HBc preva-
lences among different age groups of the family mem-
bers. The highest prevalence of HBsAg seropositive
cases was observed in the age group, 21-30 years old;
(10/43; 23.3%) followed by the age group, 0—10 years
old; (11/68; 16.2%). No statistical significant difference
was found in the HBsAg seropositive rates between
these two age groups. The prevalence of HBsAg was
7.7% (5/65), 3.4% (1/29), and 4% (1/25) in the age
groups; 11-20, 3140, and >41 years old, respectively.
The prevalence of anti-HBc seropositive cases was sig-
nificantly increasing with the age and the highest
rate was observed in the age group >41 years old. The
prevalence of anti-HBc was 8.8% (6/68), 20% (13/65),
25.6% (11/43), 37.9% (11/29), and 48% (12/25) in the
age groups; 0-10, 11-20, 21-30, 31-40, and >41 years
old, respectively.

The HBsAg and anti-HBc seropositive rates were
analyzed in the family members with respect to their
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Fig. 1. Age distribution and HBV serological status among family
members.

relationship to the index cases (Fig. 2A). As overall,
the HBsAg was positive in 6.5% (3/46) spouse of index
cases, 10.8% (15/139) of the offspring, 25% (1/4) of the
parents, and 40% (6/15) of the siblings (Fig. 2A).

The prevalence of anti-HBc was 34.8% (16/46) in
the spouse of index cases, 17.3% (24/139) in the off-
spring, 50% (2/4) in the parents, and 46.7% (7/15) in
the siblings of the index cases (Fig. 2A).

Interestingly, the prevalence of HBsAg and anti-
HBc was significantly higher in the family members
of the females (19.2%, 15/78) than that of the males
index cases (8.6%, 13/152; P = 0.034) and a trend of
higher incidence of anti-HBc in the family members of
the females than the males index cases (Fig. 2B).
Among the offspring group, HBsAg and anti-HBc
seropositive rates were significantly higher in the
offspring of the females index cases (HBsAg; 23%, 11/
47, anti-HBc; 29.8%, 14/47) cases than in the
offspring of the males index cases (HBsAg; 4.3%, 4/92,
antiHBc; 9.8%, 9/92), (P = 0.001, 0.003 respectively;
Fig. 20).

Further analysis was performed regarding the
HBsAg seropositive rate in the offspring according to
HBYV infection of both one and two parents and the
parent gender who is infected with HBV. Significantly
higher rate of HBsAg positive (26.5%, 13/49) and anti-
HBc positive (31.8%, 14/49) off spring were found in
families where the mother was positive for HBsAg
compared with families where the father was HBsAg
positive (HBsAg; 4.7%, anti-HBc¢; 10.5%), (P = 0.0006,
0.009 respectively) (data not shown).

The seropositive rate of HBsAg was higher in the
non-sexual contacts (13.6%, 25/184) of the index cases
(parents, offspring, siblings, and cousins) than the
sexual contacts (spouses; 6.5%, 3/46) with no statisti-
cal significant difference. Anti-HBc seropositive cases
were observed more frequently in the sexual contacts
(spouses) than in the non-sexual contacts (parents,
offspring, siblings cousins) of the index cases. (Sexual
vs. non-sexual contacts, 34.8% vs. 20.1%, P = 0.049)
(data not shown).

J. Med. Virol. DOI 10.1002/jmv
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Fig. 2. Prevalence of HBsAg and anti-HBc within family members stratified by relationship to the
index cases (A). HBV serological status of family members according to gender of the index case (B),
and HBV serological status of the offspring according to HBV infected parent (C).

Molecular Evolutionary Analysis and
Transmission Pattern of Hepatitis B in the
Family Members Group

Eighteen index cases out of 55 (32.7%) were found
to have at least one family member positive for
HBsAg. The age range of these index cases was 26-56
years and 50% (9/18) of them were male (Table I).
Twenty-eight family members were found to be posi-
tive for HBsAg. The data regarding the degree of rela-
tivity of each family member infected with HBV to the
index case, the age of the infected family member,
and the vaccination status were indicated in Table I.
The mean age (£SD) of the family members with
active HBV infection was 17.8 + 13.0 years old
(Table I).

The HBV genomic region of 799-nt length and span-
ning PreS2 and S region was amplified in 44% (8/18)
of the index cases and in 50% (14/28) of the family
members infected with HBV. However, the target
genomic region could be amplified and sequenced
simultaneously in the index cases and their related
family members in six subjects. These six subjects are

J. Med. Virol. DOI 10.1002/jmv

defined in the present report, Table I and Figure 3 as
F 3, F4, F19, F35, F37, and F 43 (Table I, Fig. 3).

To confirm the family clustering, a phylogentic
tree was constructed by (1) the previous mentioned
sequences (2) sequences isolated from the index cases
whose family members were negative for HBsAg (3)
HBYV nucleotide sequences isolated from HBV chronic
carriers residing in different districts in Egypt (North
and South) either retrieved from the data base band
or further included in the present study.

The phylogenetic analysis of the preS2 and S
regions of the HBV genome revealed that the HBV
isolates were of subgenotype D1 (Fig. 3). Using the
phylogenetic analysis, in family 4 (F4), a high homolo-
gy was detected between the HBV strains isolated
from the grandmother together with her daughters
and her grandchildren (Fig. 3). In the Family 35 and
Family 43 (F35, and F43), the father and the child
harbored very closely related HBV isolates and the
phylogenetic analysis suggesting that the father
may have been the source of infection for his child in
Family 35 (F35) and Family 43 (F43). Similarly, very
closely related HBV isolates were also detected in the

— 78 —
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TABLE 1. Descriptive Analysis of the Family Members
Positive for the HbsAg

Relation HBV-
Subject (gender) Age vaccine® PreS2 + S
F3 Index (F) 42 (+)
F3-1° Daughter 13 Yes )
F10 Index (F) 30 (=)
F10-1 Daughter 3 Yes (+)
F11 Index (F) 33 (+)
F11-1 Daughter 8 Yes (=)
F11-2 Cousin 10 Yes (=)
F30 Index (F) 42 (=)
F30-1 Son 8 Yes (=)
F34 Index (F) 30 (=)
F34-1 Son 7 Yes +)
F34-2 Son 9 Yes (+)
F48 Index (F) 30 (=)
F48-1 Son 5 Yes =)
F35 Index (M) 29 +)
F35-1° Daughter 5 Yes (+)
F39 Index (M) 33 (=)
F39-1 Daughter 5 Yes (=)
F43 Index (M) 47 +)
F43-1° Daughter 12 Yes +)
F55 Index (M) 56 +)
F55-1 Daughter 12 Yes (=)
F37 Index (M) 45 +)
F37-1° Wife 26 Yes (+)
F36 Index (M) 31 (=)
F36-1 Brother 26 No (=)
F36-2 Brother 28 No (=)
F36-3 Brother 22 No +)
F36-4 Mother 63 No +)
F4 Index (F) 54 +)
F4-1 Daughter 35 No -+
F4-2 Daughter 20 No (+)
F4-3 Grandchild 6 Yes (+)
F4-4° Grandchild 4 Yes (+)
F19 Index (M) 29 (+)
F19-1° Wife 217 No (+)
F40 Index (M) 26 =)
F40-1 Relative 24 No (=)
F40-2 Relative 29 No (=)
F41 Index (F) 53 (=)
F41-1 Daughter 23 No (=)
F41-2 Daughter 17 No (=)
F45 Index (M) 33 +
F45-1 Wife 27 No (=)
F50 Index(F) 27 (-)
F50-1 Sister 25 No (=)

aHBV vaccination history is provided for the family member.
bIndex and family members who are positive simultaneously for the
PreS2and S region.

man and his wife in Families 19 and 37 (F19 and F37)
(Fig. 3). The molecular evolutionary analysis of the
sequences isolated from the mother and her daughter
in Family 3 (F3), yielded two separate but distinct
groupings of the HBV isolates, suggesting that the
presence of two different HBV viral isolates infecting
the mother and her daughter (Fig. 3).

Serological Markers of HBV Infection in the
Vaccinated and Unvaccinated Family Members

The family members group was subdivided into two
subgroups according to the history of full regimen
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schedule of HBV vaccination as shown in Table 1I; (1)
A group of vaccinated family members which includes
a total of 142 subjects, who received the complete
HBV vaccine regimen. (2) A group of unvaccinated
family members, which included 88 subjects with
no previous history or incomplete regimen of HBV
vaccination.

The family members in the unvaccinated group were
significantly older (mean + SD; 32.5 &+ 12.5 years old)
than in the vaccinated group (mean + SD; 13.3 + 10.4,
P = 0.012). No statistical significant difference was
found in the male gender distribution between the two
groups. The anti-HBs seropositive rate was significant-
ly higher in the vaccinated group than the unvaccinat-
ed group [69.8% (99/142) vs. 33% (29/88), respectively,
P < 0.0001] (Table II). The mean anti-HBs titre was
significantly higher in the vaccinated than unvaccinat-
ed family members (70.1 £+ 129.7 vs. 21.6 £+ 51.7 mIU/
ml, respectively P < 0.0001).

The prevalence of anti-HBc¢ was significantly higher
in the unvaccinated family members compared to vac-
cinated groups (37.5% vs. 14.1% respectively, P <
0.0001). Interestingly, no statistical significant differ-
ence was detected between the vaccinated and the un-
vaccinated groups regarding the prevalence of HBsAg
[vaccinated vs. unvaccinated; 10.6% (15/142) wvs.
14.8% (13/88), P = 0.4] (Table II). The HBV DNA was
detected in 50% of family members positive for HBsAg
with no statistical significant difference between the
vaccinated (53%, 8/142) and unvaccinated groups
(46.2%, 6/88) (Table II).

Mutations in the “a” determinant region. The
available nucleotide sequences spanning the S gene of
HBV isolated from the nine vaccinated and five
unvaccinated members were translated into amino
acid and aligned in correspondence to the reference
sequences. The amino acid substitutions in the “a”
determinant region that was reported to be associated
with vaccine escape mutation were not detected.
However, an amino acid substitution at the second
loop of “a” determinant region (T'143L) was clustered
in the family subject F37 (F37 and F37-1) and found
in one unvaccinated family member (F4-1). Another
substitution was detected in the second loop of “a”
determinant region (T140I) in an unvaccinated mem-
ber (F36-1). P127A substitution in first loop of the
“a” determinant region was clustered in the family
43(F43 and F43-1; Fig. 4).

DISCUSSION

The investigation of the intra-familial transmission
in a particular region usually reveals valuable infor-
mation about the routes of HBV spread in general
and may help in exploring the HBV spread problem
and local peculiarities. This study is the first one in
Egypt done to explore the intra-familial spread of
HBYV infection and inclusively HBV genotype D trans-
mission routes in Egypt. An evaluation of the impact
of the universal HBV vaccination on the intra-familial
transmission of HBV was also done.
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Fig. 3. Phylogenetic tree constructed by the nucleotide sequences
of the partial PreS2 and S HBV genomic region. The phylogenetic
tree is constructed by the neighbor joining method and significant
bootstrap values (>75%) are indicated in the tree roots. HBV
sequences isolated from index cases and family members are indicat-
ed in italic bold and bold fonts respectively. Reference sequences
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97 X 75658 (Japan)
1001 X69798 (Brazil)

AB298362(Sweden)

retrieved from the GenBank/EMBL/DDBJ are indicted in their ac-
cession numbers. Solid black rounds indicate sequences from index
cases with family members negative for HBsAg. (J) Strains isolated
from chronic hepatitis B carriers residing in Egypt south. The coun-
try origin of the reference sequences are indicated in brackets. HBV
genotypes A—~H are indicated in the cluster roots.



