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Introduction

Hepatitis B virus (HBV) infection is a major global health
problem, resulting in 0.5-1.0 million deaths per year [1]. The
prevalence of chronic HBV infection varies. About 75% of the
chronic carriers in the world live in Southeast Asia and East Pacific
[2]. Due to the introduction of vaccination programs, the
prevalence of HBV infection in many countries has gradually
been decreasing with consequent decreases in HBV-related
hepatocellular carcinoma (HCC) [3]. Although some HBV
carriers spontaneously eliminate the virus, about 10-15% of
carriers develop liver cirrhosis (LC), liver failure and HCC [4].
Moreover, the progression of liver disease was revealed to be
associated with the presence of several distinct mutations in HBV
infections [5]. Genetic variations in STAT4 and HLA-DQ genes
were recently identified as host genetic factors in a large-scale
genome-wide association study (GWAS) for HBV-related HCC in
China [6].

With regard to the genes associated with susceptibility to
chronic HBV infection, HLA-DP and HLA-D(Q genes were
identified by GWAS in Japanese and Thai populations in 2009
[7] and 2011 [8], respectively. In addition, our previous GWAS
confirmed and identified the association of SNP markers located
on HLA-DPAI (rs3077) and HLA-DPBI (rs9277535) genes with
susceptibility to chronic hepatitis B (CHB) and HBV clearance in
Japanese and Korean subjects[9]. The significant associations of
HLA-DP with CHB and HBV clearance have mainly been
detected in Asian populations, such as Japanese [8,9], Thai [7],
Chinese [10-12], and Korean [9]. In 2012, the association
between HLA-DPAI gene SNPs and persistent HBV infection was
replicated in a Germany non-Asian population for the first time;
however, this showed no association with HBV infection [13].
These results seem to be explained by the fact that allele
frequencies of both rs3077 (0.155, 0.587 and 0.743 for C allele,
on HapMap CEU, JPT, and YRI) and rs9277535 (0.261, 0.558
and 0.103 for G allele, on HapMap CEU, JPT, and YRI) are
markedly different between populations. Moreover, the previous
study showed that HBsAg seropositivity rates were higher in
Thailand and China (5~12%) than in North America and Europe
(0.2-0.5%) [2]. These results suggest that comparative analyses of
HLA-DP alleles and haplotypes in Asian populations would clarify
key host factors of the susceptible and protective HLA-DP alleles
and haplotypes for CHB and HBV clearance. Here, we performed
trans-ethnic analyses of HLA-DP alleles and haplotypes in Asian
populations comprising Japanese, Korean, Hong Kong and Thai
individuals. The findings from this study will serve as a base for
future functional studies of HLA-DP molecules.

Results

Characteristics of studied subjects

The characteristics of a total of 3,167 samples, including
Japanese, Korean, Hong Kong and Thai subjects, are shown in
Table 1. Each population included three groups of HBV patients,
resolved individuals and healthy controls. The clinical definitions
of HBV patients and resolved individuals are summarized in
Materials and Methods. Some of the Japanese and all of the
Korean samples overlapped with the subjects in our previous study
[9,14].
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We performed genotyping for HLA-DPAI and HLA-DPBI in all
3,167 samples, and a total of 2,895 samples were successfully
genotyped. The characteristics of successfully genotyped samples
are shown in Table S1.

Association of HLA-DPA1 and HLA-DPB1 alleles in Asian
populations

As for a general Asian population, including 464 Japanese, 140
Korean, 156 Hong Kong, and 122 Thai subjects, five HLA-DPAI
alleles and twenty-four HLA-DPBI alleles were observed (Table
S2). The frequencies of HLA-DPAI and HLA-DPBI alleles were
similar between Japanese and Korean subjects. On the other
hand, the number of alleles with frequencies of 1-2% was larger in
Hong Kong and Thai populations, despite the small sample size.
Although the frequencies of HLA-DP alleles varied in Asian
populations, HLA-DPBI*#05:01 was the most prevalent with over
30% in all populations.

The associations of HLA-DPA]l and HLA-DPBI alleles with
chronic HBV infection (i.e., comparison between HBV patients
and healthy controls) are shown in Table S2. To avoid false
positives caused by multiple testing, the significance levels were
corrected based on the numbers of HLA-DPAI and HLA-DFBI

Table 1. Number of individuals in this study.

Population Japanese Korean

Hong Kong Thai

HBV patients 489 340 281 390
#

CH 147 175 187 198

e

Mean age (y) 59.7 43.1 40.0 48.2

173/162 113/77

Gender (M/F)

o

Mean age (y) 39.0%* 337 26.2 46.6

Gender (M/F) 370/97 67/73 87/103 73/53

Abbreviation: IC, Inactive Carrier; CH, Chronic Hepatitis; AE, Acute Exacerbation;
LC, Liver Cirrhosis; HCC, Hepatocellular Carcinoma.

* Resolved individuals were HBsAg negative and HBcAb positive.

** 419 of 467 healthy controls were de-identified, without information on age.
doi:10.1371/journal.pone.0086449.t001
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alleles in the focal population. Briefly, the significance level was set
at 0.05/(# of observed alleles at each locus) in each population
(see Materials and Methods). With regard to high-risk alleles of
HLA-DPAI, the most prevalent allele HLA-DPAI*02:02 was
significantly associated with susceptibility to HBV infection in
Japanese (P=3.45x10"*% OR=1.39; 95% CI, 1.16-1.68) and
Korean subjects (P = 2.66 x 1073 OR =1.89; 95% CI, 1.39-2.58),
whereas this association was not observed in Hong Kong or Thai
subjects. The association of HLA-DPA1#02:01 with susceptibility to
HBYV infection was significant only in Japanese (P=2.61 x1077;
OR=1.88; 95% CI, 1.46-2.41). The significant association of
HLA-DPAI*01:03 with protection against HBV infection was
commonly observed among four Asian populations (Table S2).
The pooled OR and 95% CI were 0.51 and 0.41-0.63,
respectively in a meta-analysis (P=3.15x107'% (Fig. S1A).

As shown in Table S2, HLA-DPBI shows higher degree of
polymorphism than HLA-DPAI. The most common allele in Asian
populations, HLA-DPBI*05:01, was significantly associated with
HBV susceptibility in both Japanese and Korean subjects.
Although HLA-DPBI*05:01 showed no significant association in
the Hong Kong and Thai populations, the same direction of
association (i.e., HBV susceptibility) was observed. Meta-analysis
of the four populations revealed a significant association between
HILA-DPBI*05:01 and susceptibility to HBV infection
(P=1.51x10"% OR = 1.45; 95% CI, 1.19-1.75) (Fig. SI1B). The
frequency of HLA-DPBI*09:01 was significantly elevated in
Japanese HBV patients (15.7%) as compared with healthy controls
(8.7%) (P=3.70x107% OR =1.94; 95% CI, 1.45-2.62), and this
association was most significant (i.e., the smallest P value) in the
Japanese population. Because of lower allele frequencies of HLA-
DPBI1%09:01 or lack of statistical power in the other populations,
no significant associations were observed. A common allele in Thai
subjects, HLA-DPBI*13:01, was significantly associated with
susceptibility to HBV infection (P=2.49x107% OR=2.17; 95%
CI, 1.40-3.47) with the same direction of associations in Japanese
and Hong Kong (OR = 1.52 and 1.40, respectively).

HILA-DPBI1%04:02 was identified as the most protective allele for
HBYV infection in Japanese (P = 1.59x1077; OR=0.37; 95% CI,
0.24-0.55) and Korean subjects (P=1.27x1077; OR =0.19; 95%
CI, 0.10-0.38). Both HLA-DPBI*02:01 and HLA-DPBI*04:01
were also significantly associated with protection in the Japanese
population, and the former was significantly associated with
protection in Hong Kong subjects (P=9.17x10"% OR =0.49;
95% CI, 0.32-0.76). This common allele among four Asian
populations, HLA-DPBI1%02:01, showed a significant association
with protection against HBV infection (P=5.22x1075
OR =0.68; 95% CI, 0.58-0.81) in a meta-analysis (Fig. S1B).

The frequencies of associated HLA-DP alleles in a comparison of
HBYV patients with healthy controls (Table S2) or with HBV-
resolved individuals (Table S3) were similar in all four Asian
populations. In the Japanese population, the associations of
susceptible and protective HLA-DPBI alleles to chronic HBV
infection seem weaker in the comparison of HBV patients with
HBV-resolved individuals than in the comparison of HBV patients
with healthy controls. Moreover, the results of association analyses
showed no difference in the comparison of HBV patients with
HBV-resolved individuals, including or excluding HCV positive
individuals (Table S3). In contrast, the association became
stronger in the comparison of HBV patients with HBV-resolved
individuals among the Korean subjects. The protective allele HLA-
DPBI*04:01 was also identified to have a strong association with
HBYV clearance in Hong Kong subjects (Table S3). Moreover, in
Hong Kong subjects, the HLA-DPBI1*05:01 associated with the
risk for HBV infection showed lower frequency in HBV-resolved
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Table 2. Association of number of DPB1*02:01 alleles (i.e., 0, 1
or 2) with disease progression in CHB patients assessed by
multivariate logistic regression analysis adjusted for age and
sex.

P value OR (95% CI)

Population

Thai 0.087782 0.58 (0.31-1.08)

*Population was adjusted using dummy variables.
doi:10.1371/journal.pone.0086449.t002

individuals (42.9%) than in the healthy controls (48.1%), which
accounts for a strong association in the comparison of HBV
patients with HBV-resolved individuals (P=6.24x1073;
OR =1.64; 95% CI, 1.14-2.36). Although the number of samples
was insufficient, HLA-DP*100:01 showed a significant association
with protection against HBV infection in the Hong Kong
population (P=3.05x107°% OR =0.03; 95% CI, 0.0007-0.20).

As for disease progression in CHB patients among Asian
populations, a protective effect of HLA-DPBI*02:01 on disease
progression was observed in the Japanese (P=4.26x1073,
OR=0.45; 95% CI, 0.30-0.67) and Korean populations
(P=8.74x10"% OR=047; 95% CI, 0.29-0.75) (Table S4).
Multivariate logistic regression analysis adjusted for age and sex
revealed that the number of DPBI#02:01 alleles (i.e., 0, 1, or 2) was
significantly associated with disease progression in CHB patients in
Japanese (P=1.77x10"% OR=047; 95% CI, 0.32-0.70)
(Table 2). Moreover, protective effects of DPBI1*02:01 on disease
progression in Asian populations (P=1.55x10"7; OR=0.50;
95% CI, 0.39-0.65) were detected in a multivariate logistic
regression analysis adjusted for age, gender, and population
(Table 2).

Associations of DPAT-DPB1 haplotypes in Asian
populations

The estimated frequencies of HL4 DPAI-DPBI haplotypes are
shown in Table $5. The most frequent haplotype among the four
Asian populations was DPA1#02:02-DPB1*05:01. The number of
haplotypes with low frequencies of 1-2% was 10 in both Japanese
and Korean subjects, whereas more haplotypes appeared with
frequencies of 1-2% in Hong Kong and Thai subjects. The
associations of DPAI-DPBI haplotypes with HBV infection are
shown in Table S5. In the Japanese population, DPA1#02:01-
DPB1*09:01 showed the most significant association with suscep-
tibility to HBV infection (P=3.38x107% OR=1.95; 95% CI,
1.46-2.64). The most common haplotype in the four Asian
populations, DPA1*02:02-DPB1*05:01, was found to be signifi-
cantly associated with susceptibility to HBV infection in the
Japanese and Korean subjects (P=7.40x10"% OR=1.37; 95%
CI, 1.14-1.66 for Japanese, and P=4.50x10"°% OR =2.02; 95%
CI, 1.48-2.78 for Korean). In the Thai subjects, HLA-DPB1*13:01
was the most significant risk allele for HBV infection (Table $2);
however, no significant associations were found for the three
different haplotypes bearing HLA-DPBI*13:01: DPAI*02:01-
DPBI*13:01, DPAI*02:02-DPBI1*13:01, and DPAI1%04:.01-
DPB1+#13:01,indicating that the association of HLA-DPBI*15:01
with susceptibility to HBV infection did not result from a specific
DPAI-DPBI haplotype or combination with a specific DPAI allele.
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In the Japanese population, both haplotypes DPAI*01:03-
DPB1#%04:01 and DPAI1*01:03-DPB1%*04:02 showed significant
associations ~ with  protection  against HBV  infection
P=1.17x10"% OR=0.32; 95% CI, 0.18-0.56 for
DPAI#01:03-DPBI1%04:01 and P=1.95x10"7; OR=0.37; 95%
CI, 0.24-0.55 for DPAI*01:03-DPBI1*04:02). In the Korean
subjects, a significant association of DPAI*01:03-DPBI1*04:02
was also demonstrated; however, no association was observed for
DPA1*01:03-DPB1%04:01. Because the observed number of each
haplotype was small, none of the other haplotypes showed a
significant association with protection against HBV infection.

In order to identify trans-ethnic DPAI-DPB1 haplotypes
associated with HBV infection, a meta-analysis was performed.
A meta-analysis further revealed that the DPAI*01:05-
DPBI1*02:01 haplotype was significantly associated with protection
against HBV infection (P=1.45x107>; OR = 0.69; 95% CI, 0.58-
0.82) (Fig. S1C).

Discussion

Among 2.2 billion individuals worldwide who are infected with
HBYV, 15% of these are chronic carriers. Of chronic carriers, 10—
15% develops LC, liver failure and HCC, and the remaining
individuals eventually achieve a state of nonreplicative infection,
resulting in HBsAg negative and anti-HBc positive, ie. HBV-
resolved individuals. To identify host genetic factors associated
with HBV-related disease progression may lead HBV patients to
discriminate individuals who need treatment.

The HLA-DPAI and HLA-DPBI genes were identified as host
genetic factors significantly associated with CHB infection, mainly
in Asian populations [7-12], and not in European populations
[13]. In the previous association analyses of FHLA-DPBI alleles with
HBYV infection, one risk allele HLA-DPB1%05:01 (OR =1.52; 95%
CI, 1.31-1.76), and two protective alleles, HLA-DPBI*04:01
(OR=0.53; 95% CI, 0.34-0.80) and HLA-DPBI*04:02
(OR=0.47; 95% CI, 0.34-.64), were identified in the Japanese
population [7]. In this study, we further identified a new risk allele
HLA-DPBI*09:0]1 (OR=1.94; 95% CI, 1.45-2.62) for HBV
infection and a new protective allele HLA-DPBI*02:01
(OR=0.71; 95% CI, 0.56-0.89) in the Japanese population, in
addition to the previously reported alleles (Table S2) [7]. The
discrepancy in the association of HLA-DPBI#*09:01 allele with risk
for HBV infection in a previous study [7] results from the elevated
frequency of HLA-DPBI1%*09:01 in the controls (12.2%), which is
higher than our controls (8.7%). In this study, healthy subjects
were recruited as controls. In contrast, individuals that were
registered in BioBank Japan as subjects with diseases other than
CHB were recruited as controls in the previous study [7], which
may have included patients with diseases with which HLA-
DPBI1%09:01 is associated. Although no significant association of
HLA-DPB1%09:01 with risk for HBV infection was observed in the
Korean subjects, HLA-DPBI*09:01 appears to have a susceptible
effect on HBV infection, as it showed the same direction of
association. When the association analyses in Japanese and
Korean subjects were combined in meta-analysis, the association
was statistically significant (P=1.36x10"% OR=1.97; 95% CI,
1.50-2.59). Thus, HLA-DPBI#09:01 may be a Northeast Asian-
specific allele associated with risk for HBV infection.

Moreover, a significant association of HLA-DPBI*13:01 with
risk of HBV infection (OR=2.17; 95% CI, 1.40-3.47) was
identified in the Thai subjects. However, the frequency of HLA4-
DPBI*13:01 in Thai healthy controls (11.5% in the present study)
reportedly varies, ranging from 15.4% to 29.5%, due to the
population diversity [15-17]. Therefore, a replication analysis is
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required to confirm the association of HLA-DPBI*]3:01 with
HBV infection in the Thai subjects. There were four other
marginally associated HLA-DPBI alleles with low allele frequencies
below 5% in HBV patients and healthy controls, including HZA4-
DPB1%28:01, -DPB1%31:01, -DPB1*100:01, and -DPBI1*105:01, in
the Hong Kong and Thai subjects. Because these infrequent alleles
may have resulted from false positive associations, the association
needs to be validated in a large number of subjects.

HILA-DPBI*02:01 showed a significant association with protec-
tion against HBV infection in both Japanese and Hong Kong
populations (T'able S2); however, the HLA-DPBI*02:01 allele was
not associated with HBV infection in the previous study [7].
Although HLA-DPBI*02:0] showed no association in either
Korean or Thai populations, a significant association of HLA-
DPB1*02:01 with protection against HBV infection among four
Asian populations was detected in meta-analysis (P =5.22x107°;
OR =0.68; 95% CI, 0.58-0.81) (Fig. S1B). We therefore conclude
that the present finding is not a false positive.

A recent report showed that HLA-DPBI1%02:01:02, *02:02,
*03:01:01, *04:01:01, *05:01, *09:01, and *14:01 were signifi-
cantly associated with response to booster HB vaccination in
Taiwan neonatally vaccinated adolescents [18]. The HILA-
DPB1%02:01:02, *02:02, *03:01:01, *04:01:01, and *14:01 were
significantly more frequent in recipients whose post-booster titers
of antibodies against HBV surface antigen (anti-HBs) were
detectable, on the other hand, HLA-DPBI*05:01 and *09:01 were
significantly more frequent in recipients who were undetectable.
Moreover, the HLA-DPB1#*05:01 and *09:01 significantly increase
the likelihoods of undetectable pre-booster anti-HBs titers. These
results seem consistent with our findings, in which HILA-
DPBI*05:01 and *09:01 are associated with susceptibility to
chronic hepatitis B infection.

We also identified a protective effect of HLA-DPBI*02:01 allele
on disease progression in Asian populations. Previous studies
identified the association of HLA class II genes including HLA-DQ
and HLA-DR with development of HBV related hepatocellular
carcinoma in the Chinese population [6,19,20]. In this study using
Japanese and Korean samples, we identified significant associa-
tions between HLA-DPBI1*02:01 and disease progression in CHB
patients (P= 4926%107% OR=0.45; 95% CI, 0.30-0.67, for
Japanese and P= 8.74x10™% OR =0.47; 95% CI, 0.29-0.75 for
Korean) (Table S4). Although the association of HLA-DPBI1*%02:01
with disease progression was weaker after adjustment for age and
gender in Korean subjects (P= 2.54><10_2; OR=0.55; 95% CI,
0.33-0.93), the same direction of association was observed (i.e.
protective effect on disease progression) (Table 2). The protective
effects of HLA-DPBI*02:0] on disease progression showed a
significant association after adjustment for age and gender in the
Japanese population (P=1.77x107% OR =0.47; 95% CI, 0.32—
0.70); moreover, a significant association between HILA-
DPBI#02:01 was observed among four Asian populations, under
which population was adjusted by using dummy variables in a
multivariate  logistic  regression  analysis (P=1.55x1077;
OR =0.50; 95% CI, 0.39-0.65) (Table 2).

The HLA-DPAI and HLA-DPBI belong to the HLA class II
alpha and beta chain paralogues, which make a heterodimer
consisting of an alpha and a beta chain on the surface of antigen
presenting cells. This HLA class II molecule plays a central role in
the immune system by presenting peptides derived from extracel-
lular proteins. We identified two susceptible haplotypes
(DPAI1*02:02-DPB1*05:01 and DPAI%02:01-DPBI1*09:01) and
three  protective  haplotypes  (DPAI%01:03-DPBI1*04:01,
DPAI*01:03-DPB1%04:02, and HLA-DPAI1*01:03-DPBI*02:01) to
chronic hepatitis B infection, which may result in different binding
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affinities between HLA-DP subtypes and extracellular antigens.
Although functional analyses of HLA-DP subtypes to identify
HBV-related peptides are not fully completed, identification of
susceptible and protective haplotypes as host genetic factors would
lead us to understand the pathogenesis of HBV infection including
viral factors.

In summary, we identified a new risk allele HLA-DPBI1%09:01,
which was specifically observed in Northeast Asian populations,
Japanese and Korean. Moreover, a new protective allele HLA-
DPBI#02:0] was identified among four Asian populations:
Japanese, Korean, Hong Kong and Thai. The protective allele
HIA-DPBI1%02:01 was associated with both chronic HBV infection
and disease progression in chronic HBV patients. Identification of
a total of five alleles, including two risk alleles (DPBI*09:01 and
DPBI%05:01) and three protective alleles (DPBI*04:01,
DPBI%04:02 and DPBI*02:01), would enable HBV-infected
individuals to be classified into groups according to the treatment
requirements. Moreover, the risk and protective alleles for HBV
infection and disease progression, identified in this study by means
of trans-ethnic association analyses, would be key host factors to
recognize HBV-derived antigen peptides. The present results may
lead to subsequent functional studies into HLA-DP molecules and
viral factors in order to understand the pathogenesis of HBV
infection and development of hepatocellular carcinoma.

Materials and Methods

Ethics Statement

All study protocols conform to the relevant ethical guidelines, as
reflected in the a priori approval by the ethics committee of
National Center for Global Health and Medicine, and by the
ethics committees of all participating universities and hospitals,
including The University of Tokyo, Japanese Red Cross Kanto-
Koshinetsu Block Blood Center, The University of Hong Kong,
Chulalongkorn University, Yonsei University College of Medicine,
Nagoya City University Graduate School of Medical Sciences,
Musashino Red Cross Hospital, Tokyo Medical and Dental
University, Teine Keijinkai Hospital, Hokkaido University Grad-
uate School of Medicine, Kurume University School of Medicine,
Okayama University Graduate School of Medicine, Yamaguchi
University Graduate School of Medicine, Tottori University,
Kyoto Prefectural University of Medicine, Osaka City University
Graduate School of Medicine, Nagoya Daini Red Cross Hospital,
Ehime University Graduate School of Medicine, Kanazawa
University Graduate School of Medicine, National Hospital
Organization Osaka National Hospital, Iwate Medical University,
Kawasaki Medical College, Shinshu University School of Medi-
cine, Saitama Medical University, Kitasato University School of
Medicine, Saga Medical School, and University of Tsukuba.

Written informed consent was obtained from each patient who
participated in this study and all samples were anonymized. For
Japanese healthy controls, 419 individuals were de-identified with
information about gender, and all were recruited after obtaining
verbal informed consent in Tokyo prior to 1990. For the 419
Japanese healthy individuals, written informed consent was not
obtained because the blood sampling was conducted before the
“Ethical Guidelines for Human Genome and Genetic Sequencing
Research” were established in Japan. Under the condition that
DNA sample is permanently de-linked from the individual, this
study was approved by the Research Ethics Committee of
National Center for Global Health and Medicine.
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Characteristics of studied subjects

All of the 3,167 genomic DNA samples were collected from
individuals with HBV, HBV-resolved individuals (HBsAg-negative
and anti-HBc-positive) and healthy controls at 26 multi-center
hospitals throughout Japan, Korea, Hong Kong, and Thailand
(Table 1). In a total of 1,291 Japanese and 586 Korean samples,
1,191 Japanese individuals and all 586 Korean individuals were
included in our previous study [9]. With regard to additional
Japanese individuals, we collected samples from 48 healthy
controls at Kohnodai Hospital, and 52 HBV patients at Okayama
University Hospital and Ehime University Hospital, including 26
individuals with LC and 26 individuals with HCC. A total of 661
Hong Kong samples and 629 Thai samples were collected at
Queen Mary Hospital and Chulalongkorn University, respectively.

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 liver cirrhosis. Ghronic hepatitis (CH) was
defined by elevated ALT levels (>1.5 times the upper limit of
normal [35 TU/L]) persisting over 6 months (by at least 3
bimonthly tests). Acute exacerbation (AE) of chronic hepatitis B
was defined as an elevation of ALT to more than 10 times the
upper limit of normal (ULN, 58 IU/L) and bilirubin to at least
three times ULN (15 pmol/L). LC was diagnosed principally by
ultrasonography (coarse liver architecture, nodular liver surface,
blunt liver edges and hypersplenism), platelet counts<(100,000/
cm®, or a combination thereof. Histological confirmation by fine-
needle biopsy of the liver was performed as required. HCC was
diagnosed by ultrasonography, computerized tomography, mag-
netic resonance imaging, angiography, tumor biopsy or a
combination thereof.

The Japanese control samples from HBV-resolved subjects
(HBsAg-negative and anti-HBc-positive) at Nagoya Gity Univer-
sity-affiliated healthcare center were used by comprehensive
agreement (anonymization in a de-identified manner) in this
study. Some of the unrelated and anonymized Japanese healthy
controls were purchased 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.

Genotyping of HLA-DPA1 and HLA-DPBI alleles

High resolution (4-digit) genotyping of HLA-DPAI and -DPBI
alleles was performed for HBV patients, resolved individuals, and
healthy controls in Japan, Korea, Hong Kong, and Thailand.
LABType SSO HLA DPA1/DPBI kit (One Lambda, CA) and a
Luminex Multi-Analyte Profiling system (xMAP; Luminex, Austin,
TX) were used for genotyping, in according with the manufac-
turer’s protocol. Because of the small quantity of genomic DNA in
some Korean samples, we performed whole genome amplification
for a total of 486 samples using GenomiPhi v2 DNA Amplification
kit (GE Healthcare Life Sciences, UK), in accordance with the
manufacturer’s instruction.

A total of 2,895 samples were successfully genotyped and
characteristics of these samples are summarized in Table SI.

Statistical analysis

Fisher’s exact test in two-by-two cross tables was used to
examine the associations between HILA-DP allele and chronic
HBYV infection or disease progression in chronic HBV patients,
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using statistical software R2.9. To avoid false-positive results due
to multiple testing, significance levels were adjusted based on the
number of observed alleles at each locus in each population. For
HLA-DPAI alleles, the number of observed alleles was 3 in
Japanese, 4 in Korean, 5 in Hong Kong, and 5 in Thai subjects.
Therefore, the significant levels for o were set at «=0.05/3 in
Japanese, o =0.05/4 in Korean, 0.=0.05/5 in Hong Kong, and
o =0.05/5 in Thai subjects. In the same way, significant levels for
HILA-DPBI alleles were o= 0.05/10, 0.05/11, 0.05/12, and 0.05/
16, respectively. Multivariate logistic regression analysis adjusted
for age and sex (used as independent variables) was applied to
assess associations between the number of DPBI*02:01 alleles (i.e.,
0, 1, or 2) and disease progression in CHB patients. To examine
the effect of DPBI*02:01 allele on disease progression in all
populations, population was further adjusted by using three
dummy variables (i.e., (cl, c2, ¢3)=(0, 0, 0) for Japanese, (1, 0, 0)
for Korean, (0, 1, 0) for Hong Kong, and (0, 0, 1) for Thai) in a
multivariate logistic regression analysis. We obtained the following
regression  equation:  logit(p) = —3.905+0.083*age-+(—0.929)*-
sex+(—0.684y*DPBI1*%02:01+1.814*c1+(—0.478)*c2+0.782*%c3. Sig-
nificance levels in the analysis of disease progression in CHB
patients were set as o= 0.05/10 in Japanese, o.=0.05/11 in
Korean, 00=0.05/15 in Hong Kong, and a=10.05/15 in Thai
subjects. The phase of each individual (i.e., a combination of two
DPAI-DPBI haplotypes) was estimated using PHASE software
[21], assuming samples are selected randomly from a general
population. In comparison of the estimated DPAI-DPBI haplotype
frequencies, significant levels were set as & =0.05/14 in Japanese,
a=0.05/17 in Korean, & =0.05/17 in Hong Kong, and & =0.05/
18 in Thai subjects. Meta-analysis was performed using the
DerSimonian-Laird method (random-effects model) in order to
calculate pooled OR and its 95% confidence interval (95% CI).
We applied meta-analysis for alleles with frequency>1% in all
four Asian populations. The significance levels in meta-analysis
were adjusted by the total number of statistical tests; oo = 0.05/20
for DPA1 alleles, o =0.05/57 for DPBI alleles, and o= 0.05/74 for
DPA1-DPBI haplotypes.

Supporting Information

Figure S1 Comparison of odds ratios in association
analyses for HLA-DP with chronic HBV infection among
four Asian populations: (A) HLA-DPAI alleles; (B) HLA-
DPBI alleles; and (C) HLA DPA1-DPBI haplotypes. Meta-

References

1. Chen DS (1993) From hepatitis to hepatoma: lessons from type B viral hepatitis.

Science 262: 369-370.

Causter B, Sullivan SD, Hazlet TK, Iloeje U, Veenstra DL, et al. (2004) Global

epidemiology of hepatitis B virus. J Clin Gastroenterol 38: 8158-168.

. Zidan A, Scheuerlein H, Schule S, Settmacher U, Rauchfuss F (2012)
Epidemiological pattern of hepatitis B and hepatitis C as etiological agents for
hepatocellular carcinoma in iran and worldwide. Hepat Mon 12: €6894.

. Pungpapong S, Kim WR, Poterucha JJ (2007) Natural history of hepatitis B virus
infection: an update for clinicians. Mayo Clin Proc 82: 967-975.

. Kim DW, Lee SA, Hwang ES, Kook YH, Kim BJ (2012) Naturally occurring
precore/core region mutations of hepatitis B virus genotype C related to
hepatocellular carcinoma. PLoS One 7: €47372.

. Jiang DK, Sun J, Cao G, Lin Y, Lin D, et al. (2013) Genetic variants in STAT4
and HLA-DQ genes confer risk of hepatitis B virus-related hepatocellular
carcinoma. Nat Genet 45: 72-75.

. Kamatani Y, Wattanapokayakit S, Ochi H, Kawaguchi T, Takahashi A, et al.
(2009) A genome-wide association study identifies variants in the HLA-DP locus
associated with chronic hepatitis B in Asians. Nat Genet 41: 591-595.

. Mbarek H, Ochi H, Urabe Y, Kumar V, Kubo M, et al. (2011) A genome-wide
association study of chronic hepatitis B identified novel risk locus in a Japanese
population. Hum Mol Genet 20: 3884-3892.

. Nishida N, Sawai H, Matsuura K, Sugiyama M, Ahn SH, et al. (2012) Genome-
wide association study confirming association of HLA-DP with protection

2.

PLOS ONE | www.plosone.org

161

HLA-DP Associations with HBV-Related Diseases

analysis was performed using the DerSimonian-Laird
method (random-effects model) to calculate pooled OR
and its 95% confidence interval (95% CI). Bold depicts a
statistically significant association after correction of significance
level.

(DOCX)

Table S1 Individuals with successfully genotyped for
HILA-DPAI and HLA-DPBI.
(DOCX)

Table S2 Frequencies of HLA-DP alleles in HBV pa-
tients and healthy controls among Asian populations.

(XLSX)
Table S3 Frequencies of HLA-DP alleles in HBV pa-

tients and resolved individuals among Asian popula-
tions.

(XLSX)
Table S4 Associations of HLA-DPBI1 alleles with disease
progression in CHB patients among Asian populations.

(XLSX)

Table S5 Estimated frequencies of HLA DPA1-DPB1
haplotypes in HBV patients and healthy controls among
Asian populations.

(XLSX)

Acknowledgments

We would like to thank all the patients and families who contributed to the
study. We are also grateful to Ms. Mayumi Ishii (National Center for
Global Health and Medicine), Ms. Megumi Sageshima, Yuko Hirano,
Natsumi Baba, Rieko Shirahashi, Ayumi Nakayama (University of Tokyo),
and Yuko Ohara (Japanese Red Cross Kanto-Koshinetsu Block Blood
Center) for technical assistance.

Author Contributions

Conceived and designed the experiments: NN HS MS KT M. Mizokami.
Performed the experiments: NN HS KK Y. Mawatari M. Kawashima M.
Minami. Analyzed the data: NN HS M. Kawashima JO. Contributed
reagents/materials/analysis tools: W-KS M-FY NP YP SHA K-HH K.
Matsuura YT M. Kurosaki YA NI J-HK SH TI KY IS Y. Murawaki YI
AT EO YH MH SK EM KS KH ET SM MW YE NM K. Murata M.
Korenaga KT M. Mizokami. Wrote the paper: NN HS JO KT M.
Mizokami.

against chronic hepatitis B and viral clearance in Japanese and Korean. PLoS
One 7: €39175.

. Guo X, Zhang Y, Li J, Ma J, Wei Z, et al. (2011) Strong influence of human
leukocyte antigen (HLA)-DP gene variants on development of persistent chronic
hepatitis B virus carriers in the Han Chinese population. Hepatology 53: 422-
428,

. An P, Winkler C, Guan L, O’Brien §J, Zeng Z (2011) A common HLA-DPA1
variant is a major determinant of hepatitis B virus clearance in Han Chinese.
J Infect Dis 203: 943-947.

. LiJ, Yang D, He Y, Wang M, Wen Z, et al. (2011) Associations of HLA-DP
variants with hepatitis B virus infection in southern and northern Han Chinese
populations: a multicenter case-control study. PLoS One 6: €24221.

. Vermehren J, Lotsch J, Susser S, Wicker S, Berger A, et al. (2012) A common
HLA-DPA1 variant is associated with hepatitis B virus infection but fails to
distinguish active from inactive Caucasian carriers. PLoS One 7: ¢32605.

. Sawai H, Nishida N, Mbarek H, Matsuda K, Mawatari Y, et al. (2012) No
association for Chinese HBV-related hepatocellular carcinoma susceptibility
SNP in other East Asian populations. BMC Med Genet 13: 47,

. Chandanayingyong D, Stephens HA, Fan L, Sirikong M, Longta P, et al. (1994)
HLA-DPBI polymorphism in the Thais of Southeast Asia. Hum Immunol 40:
20-24.

February 2014 | Volume 9 | Issue 2 | 86449



16.

17.

PLOS ONE | www.plosone.org

Chandanayingyong D, Stephens HA, Klaythong R, Sirikong M, Udee S, et al.
(1997) HLA-A, -B, -DRBI, -DQAL, and -DQB1 polymorphism in Thais. Hum
Immunol 53: 174-182.

Maneemaroj R, Stephens HA, Chandanayingyong D, Longta K, Bejrachandra
S (1997) HLA class II allele frequencies in northern Thais (Kamphaeng Phet).
J Med Assoc Thai 80 Suppl 1: $20-24.

. Wu TW, Chu CC, Ho TY, Chang Liao HW, Lin SK, et al. (2013) Responses to

booster hepatitis B vaccination are significantly correlated with genotypes of
human leukocyte antigen (HLA)-DPBI in neonatally vaccinated adolescents.
Hum Genet.

162

20.

21.

HLA-DP Associations with HBV-Related Diseases

. Hu L, Zhai X, Liu J, Chu M, Pan S, et al. (2012) Genetic variants in human

leukocyte antigen/DP-DQ influence both hepatitis B virus clearance and
hepatocellular carcinoma development. Hepatology 55: 1426-1431.

Li S, Qian J, Yang Y, Zhao W, Dai J, et al. (2012) GWAS identifies novel
susceptibility loci on 6p21.32 and 21q21.3 for hepatocellular carcinoma in
chronic hepatitis B virus carriers. PLoS Genet 8: €1002791.

Stephens M, Smith NJ, Donnelly P (2001) A new statistical method for haplotype
reconstruction from population data. Am J Hum Genet 68: 978-989.

February 2014 | Volume 9 | Issue 2 | e86449



rategy for preventing hepatitis B reactivation in patients with resolved HBV

nfection following rituximab-containing chemotherapy

.
.

-

epartment of Medical Oncology and Immunology, Nagoya City University Graduate
ol of Medical Sciences, Nagoya, Japan

’Department of Virology and Liver Unit, Nagoya City University Graduate School of
dical Sciences, Nagoya, Japan

e Research Center for Hepatitis and Immunology, National Center for Global Health
edicine, Ichikawa, Chiba, Japan

kartment of Tumor Immunology, Aichi Medical University School of Medicine,

%‘iﬁ, Japan.
% p

This article has been accepted for publication and undergone full peer review but has not been
through the copyediting, typesetting, pagination and proofreading process which may lead to
differences between this version and the Version of Record. Please cite this article as

doi: 10.1002/hep.26963 103



Hepatology

Manuscript number: HEP-13-2114

ning title: Strategy for HBV reactivation in HBV-resolved lymphoma patients

ey words: HBYV reactivation, HBV DNA monitoring, rituximab

m%respcndence:

méeru Kusumoto, MD. PhD.

eértment of Medical Oncology and Immunology, Nagoya City University Graduate
ool of Medical Sciences

wasumi, Mizuho-chou, Mizuho-ku, Nagoya, Aichi, 467-8601, Japan

e: +81-52-853-8216; Fax: +81-52-852-0849;

ail: skusumot@med.nagoya-cu.ac.ip

Hepzﬂﬂlogy

Page 2 of 7



Page 3 of 7 Hepatology

Manuscript number: HEP-13-2114

patients with resolved HBV infection receiving rituximab-CHOP chemotherapy.
h e authors indicated that HBV reactivation is not uncommon and can be managed with

ar monitoring of HBV DNA in serum. However, there are some concerns regarding

egé'nanagement of HBV DNA monitoring as described in this report.

st, Hsu et al." reported that no HBV-related death occurred during the study period,
V-related severe hepatitis and chemotherapy delay occurred in 7 (4.6%) and 2
3%) patients, respectively. Furthermore, patients with HBV reactivation may have a
er prognosis than those without reactivation, suggesting that HBV DNA monitoring
not enable the successful management of HBV reactivation in this setting. In fact,
the authors have already described the usefulness of a more sensitive HBV DNA assay
d they should show whether a second PCR assay (detection limit 300 copies/mL,
say #2) could prevent severe hepatitis flare due to HBV reactivation by estimating in
r retrospective analysis the exact time between early HBV DNA detection and the
of hepatitis.

%econd, Hsu et al." concluded that re-appearance of HBsAg was the most important
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ctor of HBV-related hepatitis flare, but there is no information regarding the
%%'tivity and specificity of the HBsAg assay, and these might influence clinical
come. The authors should provide information regarding the HBsAg assay in the
methods section and specify the time between the re-appearance of HBsAg and the
et of HBV-related hepatitis. In addition, they should specify the incidence of
pearance of HBsAg with persistence for more than 6 months in patients with HBV
reaégtivation, because the chronic HBV carrier state might negatively influence

X

g-term outcomes, regardless of fulminant hepatitis and HB V-related death.

hird, Hsu et al.! discussed the importance of host factors associated with HBV
ivation, but several papers have reported that the development of fulminant
titis was associated with viral factors, which especially included high levels of
ation associated with mutations in the precore region’’. The authors should
= specify whether the kinetics of HBV DNA and severe hepatitis were associated with
ecore and/or basal core promoter mutations in the patients with HBV reactivation,
use general readers need to be aware of such important viral factors to perform safe
itoring of HBV DNA.

reemptive antiviral therapy guided by regular monitoring of HBV DNA is a

Lz

onable strategy to prevent HBV reactivation in patients with resolved HBV

o
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ion"*>, but a standard management according to the risk of HBV reactivation has
been established yet. We hope that the additional information can help the readers
arding the optimal interval and the sensitivity of the HBV DNA monitoring assay. In
ition, if the re-appearance of HBsAg and the viral mutations related to viral

ation are good predictive markers for severe hepatitis due to HBV reactivation, we

n%recommend that antiviral treatment should be started immediately for those patients

s

jith HBV reactivation.
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Risk Factors for Long-Term Persistence of Serum
Hepatitis B Surface Antigen Following Acute
Hepatitis B Virus Infection in Japanese Adults

Kiyoaki Ito,!>" Hiroshi Yotsuyanagi,”" Hiroshi Yatsuhashi,® Yoshiyasu Karino,* Yasuhiro Takikawa,’
Takafumi Saito, Yasuji Arase,” Fumio Imazeki,® Masayuki Kurosaki,” Takeji Umemura,' Takafumi Ichida,"!
Hidenori Toyoda,'> Masashi Yoneda,'> Eiji Mita,"* Kazuhide Yamamoto,'> Kojiro Michitaka,'®
Tatsuji Maeshiro,"” Junko Tanuma,'® Yasuhito Tanaka,'® Masaya Sugiyama," Kazumoto Murata,’
Naohiko Masaki," and Masashi Mizokami," and the Japanese AHB Study Group

The proportion of patients who progress to chronicity following acute hepatitis B
(AHB) varies widely worldwide. Moreover, the association between viral persistence after
AHB and hepatitis B virus (HBV) genotypes in adults remains unclear. A nationwide
multicenter study was conducted throughout Japan to evaluate the influence of clinical
and virological factors on chronic outcomes in patients with AHB. For comparing fac-
tors between AHB patients with viral persistence and those with self-limited infection,
212 AHB patients without human immunodeficiency virus (HIV) coinfection were
observed in 38 liver centers until serum hepatitis B surface antigen (HBsAg) disappeared
or a minimum of 6 months in cases where HBsAg persisted. The time to disappearance
of HBsAg was significantly longer for genotype A patients than that of patients infected
with non-A genotypes. When chronicity was defined as the persistence of HBsAg posi-
tivity for more than 6 or 12 months, the rate of progression to chronicity was higher in
patients with genotype A, although many cases caused by genotype A were prolonged
cases of AHB, rather than chronic infection. Multivariate logistic regression analysis
revealed only genotype A was independently associated with viral persistence following
AHB. A higher peak level of HBV DNA and a lower peak of alanine aminotransferase
(ALT) levels were characteristics of AHB caused by genotype A. Treatment with nucleo-
tide analogs (NAs) did not prevent progression to chronic infection following AHB
overall. Subanalysis suggested early NA initiation may enhance the viral clearance. Con-
clusion: Genotype A was an independent risk factor for progression to chronic infection
following AHB. Our data will be useful in elucidating the association between viral per-
sistence after AHB, host genetic factors, and treatment with NAs in future studies.
(HepaToLoGY 2014359:89-97)
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epatitis B virus (HBV) infection is one of the

most common persistent viral infections in

humans. Approximately 2 billion people
worldwide have been exposed to HBV and 350 million
of them remain persistently infected." The incidence
of HBV infection and the patterns of transmission
vary greatly worldwide among different population
subgroups.2 In Western countries, chronic HBV infec-
tion is relatively rare and acquired primarily in adule-
hood by way of sexual transmission or the use of
injectable drugs. Meanwhile, in Asia and most of
Africa, the majority of infections are the result of
transmission from an infected mother to her newborn.
However, very few studies of acute hepatitis B (AHB)
in adults have been reported.

HBV genomic sequences vary worldwide and have
been classified into at least eight genotypes (A through
H) based on an intergroup divergence of 8% or more
over the complete nucleotide sequence.>* These geno-
types have distinct geographic distributions.”” In par-
ticular, genotype A is predominant in Northwestern
Europe, the United States, Central Africa, and India.*
? The Japanese have been infected with genotypes B
and C since prehistoric times.'® Recently, many lines
of evidence have revealed among the Japanese an
increase in acute infection with HBV genotype A fol-
lowing sexual transmission.'™'* As a result of this
increasing transmission of genotype A, the distribution
of HBV genotypes in Japan clearly differs among
patients with acute and chronic infections.'> Moreover,
recent studies suggest that acute infection with HBV
genotype A may be associated with an increased risk of
progression to persistent infection.'” Indeed, the preva-
lence of HBV genotype A in chronic hepatitis B
patients doubled in Japan between 2000-2001 and
2005-2006 (1.7% versus 3.5%).""

Human immunodeficiency virus (HIV)-1 infection
results in an immunodeficient state, with the virus
sharing routes of transmission with HBV. HIV-related
immunodepletion influences the natural history of
HBV infection, and epidemiological studies have
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revealed that HIV-positive patients are more likely to
have a prolonged acute illness following HBV infec-
tion and lower rates of hepatitis B e-antigen (HBeAg)
clearance.*® Therefore, in this study patients with coin-
fection of HIV were excluded to examine the influence
of HBV genotype directly without the confounding
influence of HIV.

From 2005 to 2010, a multicenter cohort study was
conducted throughout Japan on 212 patients with
AHB. The aim of this cohort study was to assess the
influence of clinical and virological factors, including
HBYV genotypes and treatment with nucleotide analogs
(NAs), on AHB patients who became persistently
infected.

Patients and Methods

Patients With AHB. The multiple-source cohort
included 212 randomly selected AHB patients without
coinfection of HIV. From 2005 through 2010, the
study participants were recruited from 38 liver centers
throughout Japan. The cohort included patients who
were admitted to the hospital because of AHB and
who visited the hospital every month after being dis-
charged. The diagnosis of AHB was contingent on the
rapid onset of clinical symptoms accompanied by ele-
vated serum alanine aminotransferase (ALT) levels, the
detection of serum hepatitis B surface antigen
(HBsAg), and a high-titer antibody to hepatitis B core
antigen (anti-HBc) of the immunoglobulin M (IgM)
class. Patients with initial high-titer anti-HBc (>10.0
S/CO) were diagnosed as having an exacerbation of
chronic hepatitis B and were excluded. If the patient
had been tested previously, the absence of serum
HBsAg and antd-HBc before admission was verified
from the medical record to discriminate a new infec-
tion from an acute exacerbation of a persistent infec-
tion. Patients with acute hepatitis A, hepatids C, and
drug- or alcohol-induced acute hepatitis were also
excluded; hepatitis D virus infection was not deter-
mined because of its extreme rarity in Japan. The
study protocol conformed to the 1975 Declaration of
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Table 1. Characteristics of Patients With Genotype A or a Non-A Genotype Acutely Infected With Hepatitis B Virus

Features Genotype A {n = 107) Non-A Genotypes (n = 105)* P Value
Age (years) 36.312.0 40.7 = 14.3 0.032
Male sex 102 (95.3) 75 (71.4) <0.001
HBeAg positive 104 (97.2) 79 (75.2) <0.001
ALT (1U/L) 1210 = 646 2225 =+ 2851 0.045
Total bilirubin (mg/dL) 9.9*+94 7567 0.115
HBV DNA (log copies/mL) 7.0x15 58+ 1.5 <0.0001
Duration until disappearance of HBsAg (month) 6.7*+85 3465 <0.0001
Persistence of HBsAg positivity more than 6 months 25 (23.4) 9 (8.6) 0.003
Persistence of HBsAg positivity more than 12 months 8 (7.5) 17 (0.9) 0.018
Sexual transmission 81/84 (96.4)F 71/79 (89.9)8 0.095
Treatment with NAs 61 (57.0) 42 (40.0) 0.013

Data are presented as n (%), mean = standard deviation. HBV, hepatitis B virus; HBeAg, hepatitis B e-antigen; ALT, alanine aminotransferase; NAs, nucleotide

analogs.

*Non-A genotypes include genotypes B, C, D, Fand H (n=25, 77, 1, 1, and 1, respectively).

TOne patient had genotype C.
Hransmission routes were unknown for 23 patients.
STransmission routes were unknown for 26 patients,

Helsinki and was approved by the Ethics Committees
of the insticutions involved. Every patient gave
informed consent for this study.

Serological Markers of HBV Infection. HBsAg,
HBeAg, antbodies to HBsAg (ant-HBs), HBeAg
(and-HBe), and HBcAg, and and-HBc of the IgM
class were tested by a chemiluminescent enzyme
immunoassay (CLIA) by ARCHITECT (Abbott Japan,
Tokyo, Japan). HBV DNA measurements were per-
formed using a real-time polymerase chain reaction
(PCR) assay (Cobas TagMan HBV Auto; Roche Diag-
nostics, Tokyo, Japan).

Genotyping of HBV. The six major HBV geno-
types (A through F) were determined serologically by
enzyme immunoassay (EIA) using commercial kits
(HBV GENOTYPE EIA; Institute of Immunology,
Tokyo, Japan). This method is based on the pattern of
detection by monoclonal antibodies of a combination
of epitopes on preS2-region products, which is specific
for each genotype.'”'® Samples for which EIA could
not determine the genotype were examined by direct
sequencing of the pre-52/S gene, followed by phyloge-
netic analysis.

Treatment With NAs. Treatments with NAs were
petformed using lamivudine or entecavir for more
than 3 months. The individual clinicians determined if
NAs were administered to patients, and when the
treatment was to be started. The time to onset of
treatment with NAs was measured in days from onset
of AHB.

Statistical Amnalysis. Categorical variables were
compared between groups by the chi-squared test and
noncategorical variables by the Mann-Whitney U test.

A P value less than 0.05 was considered significant.
Multivariate analysis was performed using a backward
stepwise logistic regression model to determine inde-
pendent factors for viral persistence following AHB.
Variables in the multivariate analysis were selected
based on variables that were marginally significant
with P<0.1 in univariate analysis. Maintenance of
HBsAg positivity was analyzed using the Kaplan-Meier
method and significance was tested with the log-rank
test. STATA Software (StataCorp, College Station, TX)
v. 11.0 was used for analyses.

Results

Comparison of Characteristics Between Genotype
A and Non-A Genotype AHB Patients. A total of
107 AHB patients (50.5%) were infected with genotype
A while 105 AHB patients (49.5%) were infected with
non-A genotypes, including genotypes B (25 [11.8%)]),
C (76 [35.8%]), D (1 [0.5%]), F (1 [0.5%]), and H (1
[0.5%]).. Compared to those infected with non-A geno-
types, genotype A patients were significantly younger
(36.3 + 12.0 versus 40.7 * 14.3 years, P = 0.032), pre-
dominantly men (95.3% versus 71.4%, P< 0.001), and
more frequently positive for HBeAg (97.2% versus
75.2%, P < 0.001). Moreover, genotype A patients had
a lower peak AIT levels (1,210 646 versus
2,225+ 2,851 TU/L, P=0.045) and a higher peak
level of HBV DNA (6.7 = 8.5 versus 3.4%6.5 log
copies/mL, P<0.0001). A significantly higher percent-
age of genotype A patients were treated with NAs (57%
versus 40%, P = 0.013). These data are summarized in
Table 1.
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Fig. 1. Comparison of the cumulative proportion of AHB patients
maintaining HBsSAg positivity between genotype A and non-A geno-
types, analyzed using the Kaplan-Meier test. P < 0.0001, genotype A:
red line, non-A genotypes: blue line.

Cumulative Maintenance of HBsAg Positivity
During Follow-up in Patients With Genotype A and
Non-A Genotypes. In the patients infected with geno-
type A and non-A genotypes, the mean durations of
HBsAg positivity maintenance were 6.7 £8.5 and
3.4 £ 6.5 months, respectively (P<0.0001; Table 1,
Fig. 1). For 6 months after AHB onset, the number of
patients with genotype A and non-A genotypes main-
taining HBsAg positivity were 39/107 (36.4%) and
10/105 (9.5%), respectively (P < 0.001). However, in
many patients HBsAg disappeared between 7 and 12
months after AHB onset; that is, HBsAg disappeared
in 31/107 (29.0%) of patents with genotype A and in
9/105 (8.6%) of patients with non-A genotypes during
this time period. However, in some patents HBsAg
never disappeared after persisting for more than 12
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months following AHB onset. When chronicity after
AHB was defined as the persistence of HBsAg for
more than 12 months, chronicity developed in 7.5%
(8/107) of padents with genotype A and in 0.9%
(1/105) of patients with non-A genotypes (= 0.018).

Comparison of Characteristics Between Patients
in Whom HBsAg Persisted More Than 6 or 12
Months and Those With Self-Limited AHB Infec-
tion. Table 2 compares the demographic and clinical
characteristics between patients in whom HBsAg disap-
peared within 6 months and those in whom HBsAg
persisted for more than 6 months from AHB. The
peak ALT levels (1,882 * 2,331 versus 1,018 * 696
IU/L, P=0.0024) and peak HBV DNA levels
(6.3 £1.6 versus 7.4+ 1.6 mg/dL, P=0.0004) were
significandy higher and lower in the former group
than in the latter group, respectively. Moreover,
marked differences were present in the distribution of
genotypes between the two groups. The percentage of
the HBV genotype A (46.1% versus 73.5%,
P=10.003) was significantly higher among patients in
whom HBsAg was persistent for more than 6 months.
In addition, we compared the demographic and clini-
cal characteristics between patients in whom HBsAg
disappeared within 12 months and those in whom
HBsAg persisted for more than 12 months from AHB.
Peak ALT (1,787 £2,118 wversus 775 %513 IU/L,
P=0.0089) and peak total bilirubin (8.7 + 8.2 versus
3.8 £ 6.6 mg/dL, P=0.0039) levels were significantly
higher in the former group than in the latter group. In
contrast, the peak HBV DNA levels (6.4 + 1.6 versus
7.9 + 1.4 mg/dL, P = 0.0046) were significantly lower

Table 2. Comparison Between Patients With Chronicity Following Acute Hepatitis B and Those With
Self-Limited Acute Infections Determined by the Persistence of HBsAg for More Than 6 or 12 Months

Persistence of HBsAg
for More Than
6 Months From

Disappearance of
HBsAg Within

persistence of
HBsAg for More
Than 12 Meonths

Disappearance
of HBsAg Within

Features 6 Months (n=178) AHB (n = 34) P Value 12 Months (n = 203) From AHB (n = 9) P Value
Age (years) 38.2+13.1 40.0 =145 0.454 38.1+13.2 46.7x 140 0.061
Male sex 147 (82.6) 30 (88.2) 0.416 169 (83.3) 8 (88.9) 0.677
HBeAg positive 150 (84.3) 32 (94.1) 0.131 175 (86.2) 8 (88.9) 0.815
ALT (IU/D) 1882 +2331 1018 = 696 0.0024 1787 +£2118 775+513 0.0089
Total bilirubin (mg/dL) 8675 8.7+113 0.137 87+82 3.8%£6.6 0.0039
HBV DNA (log copies/mL) 63*1.6 74+16 0.0004 64+16 79*+14 0.0046
HBV genotype

Non-A 96 (53.9) 9 (26.5) 104 (51.2) 1(111)

A 82 (46.1) 25 (73.5) 0.003 99 (48.8) 8 (88.9) 0.018
Sexual transmission 128/137 (93.4)* 24/26 (92.3)1 0.711 146/157 (93.0)‘)F 6/6 (100.0)§ 0.356
NAs treatment (+) 82 (46.1) 21 (61.8) 0.093 98 (48.3) 8 (88.9) 0.017

Data are presented as n (%) and mean == SD. HBsAg, hepatitis B surface antigen; AHB, acute hepatitis B, HBeAg, hepatitis B e-antigen; ALT, alanine amino-

transferase; HBV, hepatitis B virus; NAs, nucleotide analogs.
*Transmission routes of 41 patients were unknown.
Transmission routes of 8 patients were unknown.
Hransmission routes of 46 patients were unknown.
STransmission routes of 3 patients were unknown.
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