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Figure 6.

Schema of DNA methylation at HBV integrants and flanking human genomic sequences. (A) DNA hypermethylation was seen in both the

integrated HBV fragment and human genome (original human genome shows dense methylation). The HBV genome often showed significant meth-
ylation when integrated into highly methylated host sites. (B) DNA hypermethylation was rarely seen in the integrated HBV fragment and human genome
(original human genome shows low methylation). The HBV genome remained largely unmethylated when integrated into unmethylated host sites.

on the CpG plugin of bioinformatics software Geneious 5.5.8
(Biomatters), CpG islands were searched in the HBV genome
(Kearse et al. 2012). Bisulfite PCR was performed using an EpiTect
Bisulfite Kit (Qiagen) according to the manufacturer’s protocol.
One microliter of bisulfite-treated DNA was used as a template. The
primers used for amplifying CpG sequences in the HBx gene are
described in Supplemental Table 1. After PCR, the biotinylated
strand was captured on streptavidin-coated beads (Amersham
Bioscience) and incubated with sequencing primers (Supplemental
Table 1). The pyrosequencing reactions were performed using the
PyroMark Q24 and/or PyroMark Q24 advanced (Qiagen). Pyrose-
quencing quantitatively measures the methylation status of sev-
eral CpG sites in a given sequence. These adjacent sites usually
show highly concordant methylation. Therefore, the mean per-
centage of methylation at detected sites was used as a representa-
tive value for each sequence.

LINEI and AluYb8 methylation analysis

The LINE1l and AluYb8 methylation levels, as measured by
pyrosequencing, are good indicators of the cellular levels of
S-methylcytosine (i.e., the global DNA methylation level). To
quantify relatively high LINE1 and AluYb8 methylation levels, we
used pyrosequencing technology (Igarashi et al. 2010). PCR and
subsequent pyrosequencing for LINE1 and A/uYb8 were performed
using the PyroMark kit (Qiagen). This assay amplifies a region of the
LINE1 or AluYb8 elements that includes three CpG sites. The PCR
was conducted as follows: 45 cycles for 20 sec at 95°C, for 20 sec at
50°C, and for 20 sec at 72°C, followed by 5 min at 72°C. The bio-
tinylated PCR product was puritied and converted to single strands
to serve as a template for the pyrosequencing reaction using the

pyrosequencing vacuum prep tool (Qiagen). The pyrosequencing
reactions were performed using the PyroMark Q24 and/or PyroMark
Q24 advanced (Qiagen). The percentage of Cs relative to the total
sum of the Cs and Ts at each CpG site was calculated. The average of
the percentages of Cs at the three CpG sites was used to represent
the overall LINE1 and AluYb8 methylation levels in each sample.

FISH analysis of HBV integration

We developed a FISH analysis method to detect HBV DNA and
demonstrate its presence in PLC/PRF/S cells (Supplemental Fig. 3).
The slides were pretreated with hydrogen peroxide and rinsed in
1X phosphate-buffered saline (PBS) to minimize background and
quench endogenous peroxidase activity. To remove the excess
cytoplasm, the slides were treated with pepsin and then fixed with
1% formaldehyde in PBS/MgCl,. The slides were then dehydrated
in an ethanol series (70%, 90%, and 100%) for 3 min at each step.
The probes were designed based on the reference HBV sequence in
PLC/PRF/5 DNA that is available from the Methylyzer 1.0 website
(http://gbrowse.bioinfo.cnio.es/cgi-bin/VIRUS/HBV/). The FISH
probes were prepared by combining the PCR-labeled probes (Sup-
plemental Table 1), human Cot-1 DNA, and salmon sperm DNA.
The probes were precipitated and mixed with hybridization buffer,
and the probe DNA cocktail was denatured for 5 min at 95°C. The
DNA on the slides was denatured by soaking in 70% formamide/
2 SSC for 3 min at 74°C. The slides were immediately immersed
in freshly prepared ice-cold 70% ethanol for 3 min, followed by
3-min immersions in 90% and then 100% ethanol. The denatured
probe DNA was applied to the dry denatured slides and covered
with a coverslip. The hybridization was performed for 16 hat 37°C.
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Tyramide signal amplification (TSA)-FISH

TSA (tyramide signal amplification) detection Kkits were obtained
from PerkinElmer. TSA-FISH detection was performed following the
manufacturer’s protocols with minor modifications. High strin-
gency washes (0.1X SSC) were used to reduce the background, and
TNT buffer (0.1 M Tris-HClat pH 7.5, 0.15 M NaCl, 0.05% Tween 20)
was adjusted to pH 7.0-7.5. The biotin- or DIG-labeled probes were
detected using streptavidin-HRP or anti-DIG-HRP in TNB (0.1 M
Tris-HCl at pH 7.5, 0.15 M NaCl, 0.05% blocking reagent [supplied
in the kit]) for 30 min at room temperature and washed twice for 5
min each in TNT buffer. For the tyramide amplification procedure,
the slide was covered with tyramide solution (Tyr-Bio, 1:50) for 10
min at room temperature. The tyramide solution was removed, and
the slides were washed twice for 5 min each with TNT at room
temperature. Fluorochrome-conjugated streptavidin (stAv-Alexa
488) diluted in TNB was used to detect the Tyr-Bio. The slides
were incubated for 30 min at room temperature, washed with
TNT buffer twice for 5 min each at room temperature, and cov-
ered with an anti-fade reagent containing DAPI (Speel et al. 1997;
Schriml et al. 1999).

Identification of the chromosomal locations of viral-host
junctions

The viral-host junctions were amplified using primers specific for
human AluYb8 repetitive sequences and HBV X regions (Supple-
mental Table 1; Minami et al. 1995; Murakami et al. 2004). One
microliter of genomic DNA solution served as a template in the
subsequent PCR. We used touchdown PCR for most of the assays.
All PCR assays included a denaturation step for 30 sec at 95°C,
followed by an annealing step at various temperatures for 30 sec
and an extension step for 30 sec at 72°C. PCR products were ana-
lyzed using electrophoresis through 1% agarose gels. PCR products
were ligated to pCR-XL-TOPO vector DNA (TOPO XL PCR Cloning
kit; Invitrogen) and transformed into competent cells. Positive
colonies were selected and isolated using a QIA prep Spin Miniprep
Kit (Qiagen). Direct sequence analysis of TOPO-TA cloning prod-
ucts was performed using a 3130 genetic analyzer (Applied Bio-
systems) (Watanabe et al. 2011). All sequences were searched for
matches with HBV and pCR-XL-TOPO sequences using Geneious
5.5.8 (Biomatters) sequence analysis and assembly software and
the BLAST program available on the UCSC Genome Browser
(http://genome.ucsc.edu/).

Analysis of HBV DNA integration site sequences using NGS

Agilent’s SureSelect target enrichment system is a highly efficient
hybrid selection technique for optimizing NGS. We used this sys-
tem and 12,391 custom baits covering the DNA sequences of HBV
genotypes A to J and PLC/PRF/5 HBV sequences and optimized
experiments for a GS FLX Titanium system (Roche). PLC/PRF/S,
HepG2.2.15, and four paired tumor and nontumor samples
(sample nos. 7, 8, 9, and 10 in Fig. 1B) were analyzed.

DNA methylation analysis of the integrated HBV genome
as well as the adjacent human genome

DNA methylation was analyzed using bisulfite pyrosequencing
(Oishi et al. 2012). The pyrosequencing reactions were performed
using the PyroMark Q24 and/or PyroMark Q24 advanced (Qiagen).
PLC/PRF/S, HepG2.2.15, and four paired tumor and nontumor
samples (sample nos. 7, 8, 9, and 10 in Fig. 1B) were analyzed.
Primers for methylation analysis of integration sites in PLC/PRF/S
are shown in Supplemental Table 1.

DNA methylation analysis of orthologous loci

Methylation levels of orthologous loci in HepG2.2.15 cells and in
PBLs of a healthy volunteer at the same (empty) target sites of PLC/
PRF/5 cells were analyzed using bisulfite pyrosequencing. Similarly,
methylation levels of orthologous loci in PLC/PRF/S cells and in PBLs
at the same (empty) target sites of HepG2.2.15 cells were analyzed.

Allele-specific DNA methylation analysis of the integrated
HBV genome as well as the adjacent human genome

Allele-specific DNA methylation was analyzed as described pre-
viously (Yamada and Ito 2011). The pyrosequencing reactions were
performed using the PyroMark Q24 and/or PyroMark Q24 ad-
vanced (Qiagen).

Correlation analysis between the methylation pattern
of the integrated HBV DNA and that of the human genome

DNA fragments, including 200 bp of the integrated HBV DNA and
200 bp of the human genome around the boundary, were analyzed
for average methylation, GC content, and repetitive sequences in
cell lines and clinical samples. RepeatMasker was used to identify
repetitive elements in genomic sequences (AFA Smit, R Hubley,
P Green, unpubl.). The Spearman correlation coefficient was used
to assess correlations between the average methylation of the HBV
DNA and that of the human genome. Correlations between GC
content or repetitive sequences in the HBV DNA and the human
genome were analyzed by using the Spearman correlation co-
efficient for continuous variables, and P < 0.05 was considered
significant. All statistical analyses were performed using PRISM
software for Windows, version 4 (GraphPad Prism).

Chromatin structure at the integrated HBV site

Using Bander software (Cheung et al. 2001; Furey and Haussler
2003), we analyzed the chromatin structure at the integrated HBV
site in PLC/PRF/5 and HepG2.2.15.

Data access

All raw sequence data from this study have been submitted to
the DDBJ Japanese Genotype-phenotype Archive (JGA; http://
trace.ddbj.nig.ac.jp/jga/index_e.html) under accession number
JGASO0000000015. Array data have been submitted to the NCBI
Gene Expression Omnibus (GEO; http://www.ncbi.nlm.nih.gov/
geo/) under accession number GSE59405.
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Abstract
A 47-year-old man presented with general fatigue and
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dark urine. The laboratory data showed increased levels
of hepatic transaminases. The patient was positive for
hepatitis B virus (HBV) markers and negative for anti-
human immunodeficiency virus. The HBV-DNA titer was
set to 7.7 log copies/mL. The patient was diagnosed with
acute hepatitis B. The HBV infection route was obscure.
The serum levels of hepatic transaminases decreased
to normal ranges without any treatment, but the HBV-
DNA status was maintained for at least 26 mo, indicating
the presence of persistent infection. We isolated HBV
from the acute-phase serum and determined the ge-
nome sequence. A phylogenetic analysis revealed that
the isolated HBV was genotype H. In this patient, the
elevated peak level of HBV-DNA and the risk alleles at
human genome single nucleotide polymorphisms s3077
and rs9277535 in the human leukocyte antigen-DP locus
were considered to be risk factors for chronic infection.
This case suggests that there is a risk of persistent infec-
tion by HBV genotype H following acute hepatitis; further
cases of HBV genotype H infection must be identified
and characterized. Thus, the complete determination of
the HBV genotype may be essential during routine clini-
cal care of acute hepatitis B outpatients.

© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.

Key words: Acute hepatitis; Chronic hepatitis; Genotyp-
ing; Hepatitis B virus; Single nucleotide polymorphisms

Core tip: Hepatitis B virus (HBV) genotype H infection
is rare in Asia, particularly in Japan. Here, we report a
case of acute hepatitis B caused by a genotype H strain
with persistent infection, although most adult cases of
acute hepatitis B are self-limiting in Japan. This case
suggests that the HBV genotype H infection can be a
risk factor for persistent infection. Therefore, it is nec-
essary to investigate the characteristics of genotype
H infection in an accumulation of cases. Thus, the
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complete determination of the HBV genotype may be
essential in the routine clinical care of acute hepatitis B
patients. e :
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wjgnet.com/1007-9327/full/v20/i11/3044 htm DOT: http://dx.doi.
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INTRODUCTION

Hepatitis B is a potentially life-threatening liver infec-
tion caused by the hepatitis B virus (HBV); it represents
a major global health problem. HBV can cause chronic
liver diseases and increases the risk of death from cir-
rhosis and liver cancer. Worldwide, an estimated two bil-
lion people have been infected with HBV and more than
240 million have chronic infections"". The HBV genome
consists of approximately 3200-nucleotides of DNA;
the virus replicates using a reverse transcriptase enzyme
that lacks proofreading ability. Therefore, HBV possesses
diverse genetic variability, and the viral population is clas-
sified into at least eight genotypes that are designated A
-H%9, In Japan, genotypes B and C are prevalent among
patients with chronic infections. However, in the last
decades, the prevalent genotype in acute HBV infections
has shifted from genotype C to A", There are some dif-
ferences in the clinical features and outcomes among the
genotypes' 7. Tt has been reported that the persistent
infection from acute hepatitis is prevalent in adults that
are infected with genotype A HBV. Thus, determining
the HBV genotype is of increasing importance even in
routine clinical practice, although a reliable kit for deter-
mination of all HBV genotypes is still uncommon and
is not yet covered by insurance. The host factors associ-
ated with persistent infection by HBV have also been
reported, such as single nucleotide polymorphisms (SNPs)
or genotypes in the human leukocyte antigen-DP locus.
It may also be useful for identifying the patients who are
prone to develop chronic hepatitis.

In this report, we describe a case of acute hepatitis B
resulting from infection by a genotype H strain of HBV.
Although the laboratory data and symptoms were not
distinguishable from acute hepatitis B with other geno-
types, this patient developed persistent infection.

CASE REPORT

A 47-year-old man living in Kawasaki, Japan, presented
at our hospital with general fatigue and dark urine. Ap-
proximately 1 wk before visiting the hospital, the pa-
tient developed nausea, loss of appetite, and a feeling
of fullness in the abdomen. Four days later, he noted
datkening of his skin and urine. Upon admission, the
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patient’s laboratory data revealed elevated serum aspar-
tate aminotransferase, alanine aminotransferase (ALT),
lactate dehydrogenase, alkaline phosphatase, y-glutamylt
ranspeptidase, and total bilirubin (TI-Bil) levels (Table 1).
The prothrombin activity was within the normal range
(95%). Test for hepatitis B surface antigen (HBsAg;
HISCIL-2000i, Sysmex, IKKobe, Hyogo, Japan), hepatitis B
e-antigen (HBeAg; ARCHITECT® CLIA, Abbott Japan,
Tokyo, Japan) and anti-hepatitis B core antigen (anti-
HBc) IgM (ARCHITECT® CLIA) were positive. A test
for HBV-DNA was also positive, exhibiting a titer of
7.7 log copies/mIL (COBAS TagMan HBV Test v2.0,
Roche Diagnostics, Tokyo, Japan). HBsAg had not been
detected 2 years previously when the patient had been
admitted to another hospital for treatment of acute en-
terocolitis. Other hepatitis virus markers were negative.
Thetefore, the patient was diagnosed with acute hepatitis
B. The genotype of the infecting HBYV, as assessed by
the Immunis HBV Genotype Immunis® HBV Genotype
EIA Kit (Institute of Immunology, Tokyo, Japan), was
determined as genotype C. The patient had not been
abroad in the past 12 mo; he had no history of receiving
blood or blood-related products, transfusions, or drug
injections, and he reported no personal or family history
of liver disease. The man was unmarried and declared
that he was heterosexual, with no history of sexual con-
tact with commercial sex workers or strangers. Anti-
human immunodeficiency virus (HIV) was not detected.
In the absence of medication, the patient’s condition and
elevated ALT level improved within a month. Anti-HBe
became detectable, and HBeAg disappeared 2 mo after
onset of the symptoms. HBsAg became undetectable at
5 mo, but the patient still tested positive for HBV-DNA,
a status that persisted for at least 26 mo following his
presentation at our hospital (Figure 1). We are now pre-
pating to administer anti-viral medication.

For further analysis of the HBV infecting this patient,
HBV-DNA was extracted from the acute-phase serum us-
ing a QIAamp DNA Blood Mini kit (QIAGEN, Valencia,
CA). The entire HBV genome sequence was determined
after polymerase chain reaction (PCR) amplification us-
ing the following primers [the number of nucleotides
(nt) added to the primers were deduced from the pro-
totype HBV/C clone, with accession no. AB246344].
For the amplification of half of the HBV genome, the
outer primers were 5-ATTCCACCAAGCTCTGCTAG-
ATCCCAGAGT-?’ (nt 10-39) and 5-GGTGCTGGT-
GAACAGACCAATTTATGCCTA-3’ (nt 1813-1784),
and the inner primers were 5-CCTATATTTTCCTGCT-
GGTGGCTCCAGTTC-3 (nt 46-75) and 5-TAGCCTA-
ATCTCCTCCC CCAACTCCTCCCA-3" (nt 1760-1731).
For the other half of the HBV genome, the outer primers
were 5- ACGTCGCATGGAGACCACCGTGAAC-
GCCCA-3’ (nt 1601-1630) and 5-AAGTCCACCAC-
GAGTCTAGACTCTGTGGTA-3 (nt 266-237), and the
inner primers were 5-CCAGGTCTTGCCCAAGGTCT-
TACATAAGAG-3’ (nt 1631-1660) and 5-CCCGCCT-
GTAACACGAGCAGGGGTCCTAGG-3 (nt 207-178).
The PCR was performed in a thermal cycler for 30 cycles
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Hematology Blood chemistry Viral markers Immunology Coagulation
WBC 7400/ pL e 74 g/dL Anti-HAIgM ) IgA 183 mg/dL PT%  95%
Neutrophil 72.0% Albumin 45g/dL Anti-HCV ) 1gG 1168 mg/dL APTT  364s
Eosinophil 1.0% T-Bil 11.1 mg/dL HBsAg (+) 197333 1gM 220 mg/dL
Basophil - 0.0% D-Bil 80mg/dL . Anti-HBecIgM (+)255C.O1L ANA . x40, homogeneous
Monocyte 10.0% AST 19421U/L HBeAg (+)253 C.OI
Lymphocyte 17.0% ALT 2963 IU/L Anti-HBe (0.0%
RBC 457/l ALP 6121U0/L HBV-DNA 7.7 log copies/mL
Hemoglobin 16.0g/dL yGTP 756 1U/L Anti-HIV -)
Hematocrit 46.4% LDH 739 1U/L RPR %)
Platelet 36.6 x 10*/uL BUN 8.2mg/dL TPHA (+)
Creatinine 0.64 mg/dL Anti-CMV 1gG (+)
T-Chol 225 mg/dL Anti-CMV IgM e
Anti-EBV EBNA 6]
Anti-EBV EA IgG )
Anti-EBV VCA IgG )
Anti-EBV VCA IgM O]

WBC: White blood cells; RBC: Red blood cells; ANA: Antinuclear antibody; TP: Total protein; T-Bil: Total bilirubin; D-Bil: Direct bilirubin; AST: Aspartate
aminotransferase; ALT: Alanine aminotransferase; ALP: Alkaline phosphatase; yGTP: y-glutamyltranspeptidase; LDH: Lactase dehydrogenase; BUN: Blood
urea nitrogen; T-Chol: Total cholesterol; PT: Prothrombin activity; APTT: Activated partial thromboplastin time; C.O.I: Cutoff index; HA: Hepatitis A; HCV:
Hepatitis C virus; HBsAg: Hepatitis B surface antigen; HBc: Hepatitis B core; HBeAg: Hepatitis B e-antigen; HBV: Hepatitis B virus; HIV: Human immuno-
deficiency virus; RPR: Rapid plasma regain; TPHA: Treponema pallidum hemagglutination assay; CMV: Cytomegalovirus; EBV: Epstein-Barr virus; EBNA:
Epstein-Barr virus nuclear antigen; EA: Early antigen; VCA: Viral capsid antigen.

HBSAG () () () () O & ) O )

Anti-HBs () () () () () () () & )
3000 112
2800 | 1o 7
1400 F ~
_ 1200 F o £
< 1000 [ | -
; 800 | §,
< 600 [ =
400 | =
200 <
oL b o 5 - .o B2

0 4 8 12 16 20 24
Months from presentation at our hospital

Figure 1 Clinical course of the patient infected with the genotype H strain.
The dotted line indicates the detection fimit of HBV-DNA (2.1 log copy/mL); the
titer of the HBV-DNA was below the lower fimit at 18 mo. HBsAg: Hepatitis B
surface antigen; Anti-HBs: Antibody to hepatitis B surface antigen; ALT: Alanine
aminotransferase; HBV: Hepatitis B virus.

(94 °C, 30 s; 60 C, 30 s; 72 °C, 30 s) with TAKARA LA
Taq® DNA polymerase (TAKARA, Shiga, Japan). The
amplified fragments were sequenced directly with an auto-
mated DNA sequencer (3500 Genetic Analyzer, Applied
Biosystems, Foster City, CA, United States).

The genome of the infecting HBV (designated as
B-MHJ9014) was 3215 bases in size. A phylogenetic anal-
ysis was performed with this strain and several database
reference strains. B-MHJ9014 sorted with the genotype-H
branch of the tree and clustered with the genotype-H
strains previously isolated from Japanese patients (Figure
2). The substitutions at nt 1762 and nt 1764 (the basal
cote promoter region) and at nt 1896 (the precore region)
wete not observed. The length of the deduced amino
acid sequences of the S, X, Core, and P proteins were
identical to those encoded by other genotype H strains in
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the databases. The o determinant region of the S protein
of B-MH]J9014 harbored an amino acid polymorphism
(phenylalanine to leucine) at residue 134. The predicted
B-MHJ9014 reverse transcriptase did not include any of
the amino acid substitutions known to be associated with
nucleotide analog resistance. To assess the complexity of
the infecting virus, S region sequences from 51 clones
in acute phase serum were determined. The detected se-
quences were genotype H and were closely related to the
consensus sequence determine by direct sequencing with
1-3 amino acids polymorphisms (data not shown).

To assess the presence of human genome SNPs in the
HLA-DP locus that are associated with persistent infection
by HBV"™", a blood specimen was obtained from the pa-
tient (who had previously provided informed consent). Ge-
nomic DNA was extracted from buffy coat samples with
the QIAamp DNA Mini kit (QIAGEN); DNA for SNPs
53077 and £s9277535 were amplified with the approptiate
primers and TAKARA LA Tag® DNA polymerase and
were sequenced directly. The patient was homozygous (G/
G) at both of these SNPs; these alleles are considered to be
risk alleles for petsistent infection.

DISCUSSION

HBV genotype H was first reported in 20027, Infections
by this genotype have been found mainly in Nicaragua,
Mexico, and California; this genotype is considered to be
rare in Asia, particularly in ]apanﬁ’lé'ls]. However, since
the first recognition of genotype H in Japan in 2005,
eight strains have been isolated from Japanese patients
(Table 2)"**. All reported genotype H strains were iso-
lated from male patients aged 35 to 65 years old, and the
major route of infection was sexual transmission (5/8,
62.5%). Four cases (50%) represent transmissions that
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100 F AB036905
G AB064316
100 AY090454 (Nicaragua)
AY(090457 (Nicaragua)
H 100 AB059661 (United States)

HM066946 (Mexico)
AB059660 (United States)
AB375161 (United States)
AB375163 (Mexico)

—— HM117850 (Mexico)
100 AB516394 (Mexico)
HM117851 (Mexico)

— ABO64315 (United States)

AB516395 (Mexico)
AB375159 (Mexico)

86 AB375160 (Mexico)
. AB516393 (Mexico)
AB375162 (Mexico)

AB059659 (United States)
4 EF3356716 (Argentina)
H86 FJ356715 (Argentina)

EB375164 (Mexico)
AY090460 (United States)
AB266536 (Japan)
EU498228 (Thailand)
AB353764 (Japan)
B-MH19014 (Japan)
AP007261 (Japan)
AB205010 (Japan)
AB298362 (Japan)
EF157291 (Japan)

AB179747 (Japan)
AB275308 (Japan)

B 100 AB010289
1 * AB121248
,&%7 A AB205118
100 C AB644281
1002 ABO33558
E X75657
— il L 1 I
0.08 0.06 0.04 0.02 0.00

Figure 2 A phylogenetic trees constructed using the neighbor-joining method with the full hepatitis B virus genome sequence of the isolated and refer-
ence strains. The strain isolated in this case (B-MHJ9014) is shown in bold. The horizontal bar indicates the number of nucleotide substitutions per site. The refer-
ence sequences are shown with the DDBJ/EMBL/GenBank accession numbers. The HBV genotypes are indicated on each branch. The bootstrap values (> 80%) are
indicated at the nodes as a percentage of the data obtained from 1000 resamplings. HBV: Hepatitis B virus.

No. Patient Hypothesized source of infection HIV infection’ Clinical feature Accession number
Age Gender Route Place (Ref.)

1 52 Male Unknown Japan NA Unknown blood donor AB179747, [18]

2 61 Male Sexual contact (heterosexual) Thailand NA Chronic AB205010, [19]

3 46 Male Sexual contact (bisexual) South America +) Chronic AP007261, [20]
4 38 Male Sexual contact (homosexual) Unknown NA Chronic AB298362, [21]

5 65 Male Unknown Japan NA Acute EF157291, [22]

6 35 Male Unknown Japan NA Acute AB266536, {23]
7 60 Male Sexual contact (homosexual) Japan () Acute AB275308, [24]

8 60 Male Sexual contact (heterosexual) Unknown *+) Chronic AB353764, [25]

9 47 " Male Unknown Japan () Acute to chronic ‘AB846650, this paper

'NA: Not available; HIV: Human immunodeficiency virus.

occurred in Japan. Co-infection with HIV was not com-
mon (2/8, 25%). These characteristics were similar to the
case described here. All isolated strains from Japanese
patients clustered together as a branch on the phyloge-
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netic tree; therefore, it is possible that a specific strain
of genotype H has emerged and spread in Japan. Pre-
sumably, the infrequent use of a reliable and convenient
detection kit for genotype H infection has hampered the
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correct diagnosis of genotype H infection; some cases
may be misdiagnosed and considered to be infections
by other genotypes. In fact, in the current case, our HBV
isolate was originally identified as genotype C by the com-
mercial kit that is covered by insurance in Japan. This kit
was developed before the discovery of genotype H; thus,
such a misidentification is a potential risk, as noted in the
kit’s instruction manual. The clinical features of genotype
H infection remain obscure. There is a growing need for
an accumulation of genotype H infection cases. To this
end, the use of a reliable HBV genotyping kit that can
correctly distinguish all genotypes is essential for routine
clinical practice.

In japan, most cases of acute hepatitis B are self-
limiting, but some cases have been reported to have pro-
gressed to persistent infections”” ™. Among the report-
ed cases of genotype H infection, 4 strains were isolated
from chronic hepatitis patients; in all cases, the infection
was ascribed to sexual contact (Table )", In our
case, the HBV-DNA persisted for at least 26 mo. To our
knowledge, this report represents the only case of geno-
type H infection in which chronic hepatitis was observed
following acute infection. HBsAg was no longer detected
at 4 mo from onset by HISCL-20001. This disappearance
was also confirmed by ARCHITECT® HBsAg (CMIA,
Abbott Japan, Tokyo, Japan). In the S protein analysis, we
found an amino acid polymorphism in the o, determinant
region. This polymorphism may affect the sensitivity for
detecting HBsAg, HIV infection, a well-known risk factor
for prolonged HBV infection™, was not detected in our
patient. Recently, the risk factors for HBV persistent in-
fection have been reported in an analysis of a cohort that
excluded patients co-infected with HIV®, In that report,
infection with genotype A, elevated peak levels of HBV-
DNA, and attenuated peak levels of ALT were suggested
as risk factors for chronic infection. In the case described
here, the peak level of HBV-DNA was 7.7 log copy/mL,
which was consistent with increased risk for chronic in-
fection. However, our patient exhibited a peak level of
ALT of 2963 TU/L, which is a value that would classify
this individual in the self-limiting group. Therefore, the
clinical features of this case did not completely fit the
risk factors associated with the establishment of chronic
infection in the previous analysis®. Another reported
risk factor for chronic HBV infection is the presence of
certain SNP alleles. Specifically, selected SNPs around
the HLA-DP locus have been reported to be associated
with chronic hepatitis B in Asians"*"”. With the informed
consent of our patient, we determined the sequences
for these SNPs (£s3077 and £$9277535) and found that
this patient harbored risk alleles at both polymorphisms.
This factor may have contributed to the establishment of
chronic infection in this case.

In conclusion, we report a case of acute hepatitis B
caused by a genotype H strain of HBV. This patient ex-
hibited persistent infection. Our finding suggests that the
infection of HBV genotype H can be a risk factor for per-
sistent infection. We believe that it is necessary to use kits
that are capable of accurate genotyping to permit an ac-

:gn;::zing@ WJG | www.wjgnet.com

cumulation of cases and to investigate the clinical features
of genotype H infection in routine clinical practice.

Case characteristics

The main symptoms were nausea, loss of appetite, and a feeling of fullness in
the abdomen.

Clinical diagnosis

The patient was a case of acute hepatitis B caused by a genotype H strain with
persistent infection.

Differential diagnosis

The hepatitis B virus (HBV) genotype was considered to be important to predict
the outcome and clinical features.

Laboratory diagnosis

To diagnose this patient, the detection of HBV markers and the complete deter-
mination of the HBV genotype were essential.

Treatment

The anti-viral treatment was not administered because we expected this case
was self-limiting. Authors are now preparing medication.

Experiences and lessons

The infection of HBY genotype H can be a risk factor for persistent infection and
the complete determination of HBV genotype is important.

Peer review

To conclude the association between HBV genotype H and chronic infection,
the accumulation of cases of genotype H infection is essential.
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Discrimination of fibrotic staging of chronic hepatitis C

using multiple fibrotic markers
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Aim: In order to evaluate and judge a fibrotic stage of
patients with chronic hepatitis C, multivariate regression
analysis was performed using multiple fibrotic markers.

Methods: A total of 581 patients from eight hepatology
units and institutes were diagnosed by needle biopsy as
having chronic liver disease caused by hepatitis C virus.
Twenty-three variables and their natural logarithmic transfor-
mation were employed in the multivariate analysis.

Results: Multivariate regression analysis finally obtained
the following function: z = 2.89 x In (type IV collagen 75) (ng/
mL) — 0.011 x (platelet count) (x10%mm® +0.79 xIn (total
bilirubin) (mg/dL) + 0.39 xIn (hyaluronic acid) (ug/L) - 1.87.
Median values of the fibrotic score of F1 (n = 172), F2 (n = 80),

F3 (n = 37) and F4 (n = 16) were calculated as 1.00, 1.45, 2.82
and 3.83, respectively. Multiple regression coefficient and
coefficient of determination were 0.56 and 0.320, respec-
tively. Validation with patient data from other institutions
demonstrated good reproducibility of the fibrotic score for
hepatitis C (FSC), showing 1.10 in F1 (n=156), 2.35 in F2
(n=73),3.16 in F3 (n = 36) and 3.58 in F4 (n = 11).

Conclusion: A concise multiple regression function using
four laboratory parameters successfully predicted pathologi-
cal fibrotic stage of patients with hepatitis C virus infection.

Key words: chronic hepatitis, hepatitis C virus, liver
cirrhosis, liver fibrosis, multiple regression analysis, stage

INTRODUCTION

HEN HEPATITIS C virus (HCV)-related chronic

liver disease was found by biochemical and viro-
logical examination, peritoneoscopy and/or liver biopsy
can establish the definitive diagnosis of chronic hepati-
tis and liver cirthosis. Although these pathological pro-
cedures are reliable and informative both in diagnosis
and treatment, they sometimes require medical invasion
and financial costs, including the risk of bleeding from
needle puncture, some pain experienced during the
examination, medical expenses and hospitalization for a
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few days. The pathological examination is, therefore,
rarely performed repeatedly in a short period of time,
even when disease activity is severe and progression
of liver disease is highly suspected. Recently, many
authors described the usefulness of ultrasonographic
elastography and magnetic resonance imaging technol-
ogy in the estimation of staging of chronic hepatitis and
cirrhosis.'~* These ways of estimation using the imaging
apparatuses seem truly useful for current patients, but it
cannot evaluate and compare with past fibrotic states of
patients retrospectively. Moreover, the same apparatus
for elastometry will not be available for repeated mea-
surement for a follow-up examination, several years
later for example.

In spite of the accuracy of biopsy and of convenience
of elastography in chronic liver disease, clinical diagno-
sis based on biochemistry and hematology is still indis-
pensable for the daily practice of many patients with
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HCV-related liver disease. Recently, several studies were
published about estimation of hepatitis stages, using
one or more serum biomarkers. Discriminant functions
or multivariate analyses demonstrated that approxi-
mately 60-90% of patients with chronic hepatitis C
were correctly classified as mild hepatitis and severe
hepatitis with advanced fibrosis.>'® The usefulness of
the discriminant functions was, however, less valuable
up to the present time for a few reasons. First, these
functions were made for the purpose of discrimination
of severe hepatic fibrosis from mild fibrosis, and four
histological classifications (F1, F2, F3 and F4) were
selected in almost of the studies. Second, some studies
analyzed both hepatitis B virus and HCV infection,
although the significance and actual values of each liver
function test in the evaluation of the severity of liver
disease were not similar among each viral hepatitis and
alcoholic liver disease. Third, biochemical markers for
liver fibrosis (e.g. hyaluronic acid, type IV collagen,
procollagen III peptide)'”""* were not always included in
those previous studies.

We tried to generate a function estimating fibrotic
stages of HCV-related chronic hepatitis, which were
objectively diagnosed by liver biopsy. The purpose of
this study is, therefore, to make a reliable multiple
regression function and to obtain practical coefficients
for significant variables also using fibrotic markers.

METHODS

Patients

TOTAL OF 605 Japanese patients with chronic
hepatitis C were recruited for the study from eight
hospitals in Japan: Toranomon Hospital, Hiroshima
University Hospital (K. Chayama, M.D.), Ehime Univer-
sity Hospital (M. Onji, M.D.), Musashino Red Cross
Hospital (N. Izumi, M.D.), Shishu University Hospital
(E. Tanaka, M.D.), Showa University Hospital (M.
Imawari, M.D.), Osaka University Hospital (T.
Takehara, M.D.) and Kagoshima University Hospital (H.
Tsubouchi, M.D.). Inclusion criteria for this study were:
(i) positive HCV antibody for more than 6 months; (ii)
persistent or intermittent elevation in aspartate amino-
transferase (AST)/alanine aminotransferase (ALT) levels;
and (iii) liver biopsy showing chronic hepatitis (F1, F2,
F3 or F4). We excluded those patients with overt alco-
holic liver disease or fatty liver, association of other
types of liver disease (e.g. hepatitis B, primary biliary
cirthosis, autoimmune hepatitis), or those associated
with hepatocellular carcinoma or other malignancy.
Among the patients, 603 fulfilled the conditions for the
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study: complete demographic data, basic laboratory
data of hematology and biochemistry, required liver
biopsy specimens, and sufficient amount of frozen sera.
We also excluded an additional 22 patients with even-
tual histological diagnosis of FO stage.

Finally, a total of 581 patients who were diagnosed as
having chronic hepatitis or cirrhosis (F1, F2, F3 or F4)
were analyzed for the following hematological, bio-
chemical and histopathological examination. There
were 305 males and 276 females aged 15-78 with a
median of 55 years.

All the patients presented written informed consent in
individual hospitals and medical centers, and the study
was approved by each ethical committee.

Hematological and biochemical examination

Hematological and standard biochemical evaluation
had been performed in each medical institution: white
blood cell, red blood cell count, hemoglobin, platelet
count, total bilirubin, AST, ALT, AST/ALT ratio (AAR),
v-glutamyltransferase (GGT), total protein, albumin and
v-globulin.

Special biochemical examinations including fibrotic
markers were carried out using stored frozen sera at
—20°C or lower: a2-macroglobulin, haptoglobin
concentration, haptoglobin typing, apolipoprotein Al,
hyaluronic acid, tissue inhibitor of matrix metal-
loproteinase (TIMP)-1, TIMP-2, procollagen III peptide
and type IV collagen 7S.

Histological diagnosis of chronic hepatitis
and cirrhosis

All of the 581 cases fulfilled required standards of
histological evaluation: sufficient length of specimen,
hematoxylin-eosin staining and at least one specimen
with fiber staining. Four independent pathologists
(Y.T, J.F., E.K and T. F.), who were not informed of
patients’ background and laboratory features except for
age and sex, evaluated the 581 specimens regarding the
stages of fibrosis and activity. Pathological classification
of chronic hepatitis staging was based on Desmet et al.?®

Before judgment of histological staging of individual
specimens, the pathologists discussed objective and
reproducible judgment of pathological diagnosis of
hepatitis. They made a panel for obvious criteria using
typical microscopic pictures for each stage, and it was
always referred to during the procedure of pathological
judgment. When inconsistent results were found in the
diagnosis of stage of hepatitis among the pathologists,
the final judgment was accepted as the majority rule
among them.
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Statistical analysis

Non-parametric procedures were employed for the
analysis of background characteristics and laboratory
data among patients in each stage, including Mann-
Whitney U-test, Kruskal-Wallis test and x*-test.

The normality of the distribution of the data was
evaluated by Kolmogorov-Smirnov one-sample test.
Because certain variables partly did not conform to a
normal distribution, natural logarithmic transformation
of bilirubin, AST, ALT, GGT, «2-macroglobulin, hyal-
uronic acid, type IV collagen 7S and TIMP-2 were also
analyzed in the following calculation. The natural loga-
rithmic transformation of the results yielded a normal
distribution or symmetrical distribution for all the
analyzed factors. After the procedures, the following
multiple regression analysis became rationally robust
against deviations from normal distribution. In order to
avoid introducing into the model any variables that
were mutually correlated, we checked the interaction
between all pairs of the variables by calculating variance
of inflation factors. Of the highly correlated variables,
less significant factors were removed from the viewpoint
of multicollinearity.

Multivariate regression analysis was performed using
305 patient data from Toranomon Hospital (training
dataset), to generate training data of predicting func-
tion. We used a stepwise method for selection of infor-
mative subsets of explanatory variables in the model.
Multiple regression coefficient and coefficient of deter-
mination are also taken into account in the selection of
variables. Next, we validated the obtained predictive
function using the remaining 276 patient data from the
other seven liver institutions (validation dataset).

A P-value of less than 0.05 with two-tailed test was
considered to be significant. Data analysis was per-
formed using the computer program SPSS version 19.*!

For evaluation of the efficiency and usefulness of
obtained function for estimation of fibrosis, we com-
pared various fibrotic scores for hepatitis C, including
AAR,® AST-to-platelet ratio index (APRI),'? FIB-4'"® and
FibroTest.”

RESULTS

Pathological diagnosis

OUR PATHOLOGISTS INDEPENDENTLY judged
the fibrotic stages and inflammatory activity for 581
specimens of chronic hepatitis/cirrhosis caused by HCV.
A total of 328 patients (56.5%) had a fibrotic stage of
F1, 153 (26.3%) F2, 73 (12.6%) F3 and 27 (4.6%) F4. In

Fibrotic score of hepatitis C 1049

the training subgroup (n=305), judgment of F1 was
made in 172, F2 in 80, F3 in 37 and F4 in 16. In the
validation group (n = 276), judgment as F1 was made in
156, F2 in 73, F3 in 36 and F4 in 11.

According to hepatitis activity classification, AO was
found in nine patients (1.52%), Al in 350 (60.2%), A2
in 198 (34.1%) and A3 in 24 (4.1%).

Laboratory data of each hepatitis stage in
training group

There were 161 males and 144 females with a median
age of 54 years (range, 22-69). Laboratory data of the
305 patients in the training group are shown in Table 1.
Although several individual items were well correlated
with the severity of hepatic fibrosis, significant overlap
values were noted among F1 to F4 stages: platelet count,
GCT, y-globulin, hyaluronic acid and type IV collagen
78.

Regression function generated from training
patient group

After stepwise variable selection, multivariate regres-
sion analysis finally obtained the following function:
z=2.89 xIn (type IV collagen 7S) (ng/mL)-0.011 x
(platelet count) (x10°/mm?®)+0.79 xIn (total biliru-
bin) (ng/mL)+0.39 xIn (hyaluronic acid) (um/L)-—
1.87. Median values of the fibrotic score of F1 (n = 172),
F2 (n=280), F3 (n=37) and F4 stages (n=16) were
calculated as 1.00, 1.45, 2.82 and 3.83, respectively
(Fig. 1). The multiple regression coefficient and coeffi-
cient of determination were 0.56 and 0.32, respectively.

A 55-year-old man with F1 fibrotic stage (Fig. 2a)
showed serum type IV collagen concentration as 3.8 ng/
mL, platelet as 152 x 10° count/mm?, total bilirubin
as 0.8 mg/dL and hyaluronic acid as 16 pg/L. The
regression function provided his fibrotic score as 1.16.
Another man aged 43 years had F3 fibrosis with severe
hepatitis activity of A3 on histological examination
(Fig. 2b). His type IV collagen was 11.0 ng/mL, platelet
162 x 10° count/mm?, total bilirubin 0.7 mg/dL and
hyaluronic acid 189 ug/L, and regression function cal-
culated his fibrotic score as 4.98.

Validation of discriminant function

Validation data of 276 patients (Table 2) were collected
from the other seven institutions in Japan. When apply-
ing the regression function for the validation set, the
fibrotic score for hepatitis C (FSC) demonstrated good
reproducibility, showing 1.10 in patients with chronic
hepatitis of F1 (n=156), 2.35 in F2 (n=73),3.16 in F3
(n=36) and 3.58 in F4 (n=11) (Fig. 3). Although F4
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Table 1 Demography and laboratory data of 305 patients in training group

Hepatology Research 2014; 44: 1047-1055

F1 (n=172) F2 (n=80) F3 (n=37) F4 (n=16)

Demography

Males : females 97:75 38:42 20:17 6:10

Age (median, range) 51 (22-69) 55 (29-68) 55 (27-69) 56.5 (29-65)
Laboratory data (median, range)

WBC (x10%/mm?) 4.7 (2.0-10.1) 4.3 (2.3-8.5) 4.5 (2.9-6.8) 4.7 (3.3-6.9)

Hemoglobin(g/dL) 14.6 (11.0-18.2) 14.4 (9.3-17.4) 14.6 (11.5-17.7) 14.55 (12.1-16.5)

Platelet (x10°/mm?) 183 (52-364) 161 (82-387) 131 (74-237) 124 (7.7-191)

Albumin (g/dL) 4.1 (2.3-4.9) 4.0 (3.5-4.6) 3.9 (3.1-4.6) 3.8 (3.3-4.3)

Bilirubin (mg/dL) 0.8 (0.2-1.9) 0.7 (0.3-1.7) 0.9 (0.4-7.5) 0.8 (0.5-7.4)

AST (IU/L) 42 (16-386) 61 (16-332) 63 (13-238) 71 (30-160)

ALT (IU/L) 60.5 (12-1664) 84.5 (10-647) 108 (27-415) 90.5 (36-264)

¥-GTP (IU/L) 40 (7-383) 48 (10-262) 54 (13-209) 58 (21-195)

v-Globulin (g/dL)
v-Globulin (%)

o2-Macroglobulin (mg/dL)

Haptoglobin (mg/dL)

Apolipoprotein Al (mg/dL)

Hyaluronic acid (pg/L)

TIMP-1 (ng/mL)
TIMP-2 (ng/mL)

Procollagen III peptide (U/mL)
Type IV collagen 7S (ng/mL)

1.47 (0.58-3.40)
19.4 (10.0-40.5)
269 (123-505)
94.5 (<5-265)
132 (71-209)
25 (<5-407)
165 (73-291)
77.5 (31-210)
0.75 (0.47-1.50)
4.0 (1.7-73)

1.61 (1.02-2.41)
20.9 (14.0-28.3)
335 (154-551)

1.69 (0.66-2.64)
21.3(8.1-30.4)
369 (183-627)

1.79 (1.22-2.73)
22.7 (16.5-36.9)
317 (207-511)

75.5 (<5-263) 56 (<5-2031) 75 (30-142)
131 (73-207) 124 (98-166) 121 (83-153)
41.5 (<5-263) 71 (<5-326) 89.5 (5-246)
173 (97-302) 182 (126-308) 192.5 (128-260)
80 (34-307) 76 (46-143) 78 (58-110)
0.805 (0.61-1.70) 0.86 (0.53-1.50) 1.05 (0.66-1.60)
4.3 (2.1-11.0) 5.2 (3.2-11.0) 5.8 (4.3-9.4)

v-GTP, y-glutamyl transpeptidase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; TIMP, tissue inhibitor of matrix

metalloproteinase; WBC, white blood cell.

fibrotic stage consisted of only 11 patients and the score
3.58 was regarded as a rather low value, the scores of
other stages of fibrosis were concordant with histologi-
cal fibrosis.

Fibrosis score of

hepatitis C
3.83

2.82
; s
B 1.00
3
2
1 o
0 o

F1 F2 F3 F4 Histological
N=172 80 37 17 diagnosis

Figure 1 Box and whisker plots of fibrotic score of each group
of histological fibrosis in the training dataset. Fibrotic score of
hepatitis C (FSC) was generated by the function, z=2.89 xIn
(type 1V collagen 7S) (ng/mL)-0.011 x (platelet count)
(x10°/mm?) + 0.79 x In (total bilirubin) (mg/dL)+0.39 xIn
(hyaluronic acid) (ug/L) — 1.87.
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Comparisons of efficacy with various
fibrotic scores (Fig. 4)

In order to evaluate the efficacy and usefulness of the
obtained FSC, we compared with previously reported
fibrotic scores using training data. AAR, APRI, FIB-4 and
FibroTest showed only slight correlation with actual his-
tological stage. APRI and FIB-4 demonstrated increasing
trends of the score associated with histological fibrosis,
but significant overlapping scores were found through
F1 to F4. Spearman’s correlation coefficients of AAR,
APRI, FIB-4 and FibroTest were 0.021 (P = 0.707), 0.462
(P<0.001), 0.440 (P<0.001) and 0.415 (P<0.001),
respectively. Our FSC showed Spearman’s correlation
coefficient of 0.572 (P < 0.001), and was of much higher
value than the others.

DISCUSSION

ECOGNITION OF SEVERITY of chronic hepatitis is

essential in managing patients with chronic HCV
infection: estimation of length of infection, existence of
any previous hepatitis activity, presumption of current
fibrotic stage, and prediction of future fibrotic progres-
sion and hepatocarcinogenesis. Differential diagnosis of
cirrthosis from chronic hepatitis is especially important
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Figure 2 Case presentations of the training set. (a) A 55-year-old man with F1 fibrosis. Final regression function provided his
fibrotic score as 1.16. (b) A 43-year-old man with F3 fibrosis with severe hepatitis activity. His regression coefficient was calculated
as 4.98 (silver stain, x40).

in the evaluation of chronic HCV infection. Identifica-
tion of liver cirrhosis often leads to an important change
in management of the patients: needs for fiberscopic
examination for esophageal varices, ultrasonographic
exploration for the association of liver cancer, and pre-
diction of hepatic decompensation.

Recently, non-invasive estimation of severity of liver
fibrosis has been reported in patients with HCV-related
chronic hepatitis.*** However, these studies were prin-
cipally aimed at differentiation of advanced fibrotic
stages of F3 or F4 from mild fibrotic stages of F1 or F2.
Those discriminative functions were insufficient to
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Table 2 Demography and laboratory data of 276 patients in validation group

Hepatology Research 2014; 44: 1047-1055

F1 (n=156) F2 (n=73) F3 (n=36) F4 (n=11)
Demography
Males : females 83:73 42:31 13:23 6:5
Age (median, range) 55 (15-74) 58 (32-77) 62.5 (30-78) 51 (38-73)
Laboratory data (median, range)
WBC (x10°*/mm?) 5.1(2.1-10.5) 4.8 (2.6-9.0) 4.85 (2.3-14.2) 3.9 (3.2-6.0)

Hemoglobin (g/dL)
Platelet (x10°/mm?)

Albumin (g/dL)
Bilirubin (mg/dL)
AST (IU/L)

ALT (IU/L)

¥-GTP (IU/L)
v-Globulin (g/dL)
v-Globulin (%)

0.2-Macroglobulin (mg/dL)

Haptoglobin (mg/dL)

Apolipoprotein A1l (mg/dL)

Hyaluronic acid (ug/L)

TIMP-1 (ng/mL)

14.2 (8.9-17.7)
183 (59-440)
4.3 (3.1-5.3)
0.7 (0.2-8.7)
35 (11-1390)
49 (11-1635)
35 (11-600)

1.47 (0.70-2.14)

19.5 (9.2-26.4)

271.5 (126-572)
95 (<5-305)
126 (45-198)

37.5 (<5-1260)
157.5 (77-301)

14.4 (11.8-17.4)
153 (80-265)

14.1 (10.1-16.4)
136 (64-348)

13.6 (8.9-16.3)
135 (79-153)

4.3 (3.3-5.2) 4.05 (3.0-5.5) 3.9 (3.0-4.7)
0.7 (0.2-1.7) 0.8 (0.2-2.5) 0.8 (0.4-11.0)
49 (19-183) 80 (20-190) 96 (29-257)
62 (12-575) 84 (14-218) 115 (29-303)
52 (10-497) 51 (14-236) 112 (17-312)

1.60 (0.80-2.37)
20.8 (10.8-30.8)
381 (172-573)

1.71 (0.63-2.62)
22.4(9.5-29.9)
405.5 (196-594)

2.19 (1.70-2.82)
27.4 (21.8-35.3)
468 (242-655)

TIMP-2 (ng/mL) 70 (21-294)
Procollagen 111 peptide (U/mL) 0.73 (0.52-8.30)
Type IV collagen 7S (ng/mL) 3.9 (1.2-12.0)

80 (<5-223) 63.5 (<5-192) 65 (<5-130)
127 (63-191) 116 (46-172) 108 (62-171)
68 (5-1000) 140.5 (23-2610) 159 (33-364)
172 (89-355) 188.5 (99-430) 192 (112-320)
73 (21-207) 89 (27-280) 76 (36-120)
0.81 (0.53-1.60) 1.00 (0.63-1.90) 1.00 (0.68-1.60)
4.5 (2.3-9.9) 5.8 (2.8-16.0) 6.1 (4.6-10.0)

v-GTP, y-glutamyl transpeptidase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; TIMP, tissue inhibitor of matrix

metalloproteinase; WBC, white blood cell.

recognize the stepwise progression of viral hepatitis
from F1 through F4. This dichotomy (mild or severe) of
chronic hepatitis C seemed less valuable in the study of
disease progression, disease control abilities of antiviral

Fibrosis score of

iti 3.16
hepatitis C = 358
1.10 2.35
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]
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F1 F2 F3 F4 Histological
N=156 73 37 11 diagnosis

Figure 3 Box and whisker plots of fibrotic score of each group
of histological fibrosis in the validation dataset. Fibrotic
score of hepatitis C (FSC) was generated by the function,
z=2.89 x In (type IV collagen 7S) (ng/mL) — 0.011 x (platelet
count) (x10*/mm?)+0.79 xIn (total bilirubin) (ng/mL)+
0.39 x In (hyaluronic acid) (ug/L) - 1.87.
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drugs and estimation of histological improvement after
anti-inflammatory drugs. A histology-oriented, practical
and reliable formula is therefore required for the diag-
nosis and investigation of chronic hepatitis C.

This study was aimed to establish non-invasive evalu-
ation and calculation of liver fibrosis for patients with
chronic HCV infection. Although it was retrospectively
performed as a multicenter study of eight institutions,
judgment of histological diagnosis was independently
performed by four pathologists in the other hospital,
informed of nothing except for the patient’s age, sex and
positive HCV infection. Objective judgment of the his-
tological staging and grading in sufficient biopsy speci-
mens could be obtained.

As many as 581 patients with chronic hepatitis C were
analyzed in this study, who had been diagnosed as
having chronic hepatitis or cirrhosis by liver biopsy
performed in experienced liver units in Japan. To obtain
the most suitable equation approximating histological
fibrotic stage, multivariate analysis was performed
using two demographic parameters (age and sex) and
21 hematological and biochemical markers with or
without logarithmic transformation. They included
many kinds of fibrotic markers: 02-macroglobulin, hap-
toglobin concentration, haptoglobin typing, apolipo-
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Figure 4 Previously published fibrotic scores: (a) aspartate aminotransferase (AST)/alanine aminotransferase (ALT) ratio (AAR),®
(b) AST-to-platelet ratio index (APRI), calculated by AST/ (upper limit of normal of AST) / (platelet count [x10°/L]) x 100."?
(c) FIB-4 score, calculated by age x AST [IU/L] / (platelet count [x10°/L] x ALT [IU/L]*%).”* (d) FibroTest score regression coef-
ficient was: Z=4.467 x log'® (a2-macroglobulin [g/L]) — 1.357 x log' (haptoglobin [g/L]) + 1.017 x log' [y-glutamyltransferase
[GGT] [IU/L]) + 0.0281 x (age [years]) + 1.737 x log'® (bilirubin [um/L]) — 1.184 x log'® (apolipoprotein Al [g/L]) + 0.301 X (sex

[female = 0, male =1]) — 5.54.°

protein Al, hyaluronic acid, TIMP-1, TIMP-2, pro-
collagen III peptide and type IV collagen 7S. Multiple
regression analysis finally generated a first-degree poly-
nomial function consisting of four variables: type IV
collagen 7S, platelet count, bilirubin and hyaluronic
acid. A constant numeral (-1.87) was finally adjusted in
the regression equation in order to obtain fitted figures
for fibrotic stages of F1, F2, F3 and F4. From the mag-
nitude of the standardized partial regression coefficient
of individual variable in the function, In (type IV colla-
gen 7S) demonstrated the most potent contribution
toward the prediction of liver fibrosis. Platelet count and
In (bilirubin) proved to be the second and third distinc-
tive power in the model, respectively.

The obtained figure of FSC was generated to imitate
actual “F factor” of histological staging. FSC was suffi-
ciently fitted to actual fibrotic stages with certain over-
lapping as was usually found in histological ambiguity
judged by pathologists. Because judgment of fibrosis in
chronic hepatitis often shows a transitional histological
staging, pathological examination could not always
achieve a clear-cut diagnosis discriminating F1, F2, F3 or
F4. Considering the limitation of pathological difficulty
in differentiation of the four continuous disease entities,
the obtained regression function showed satisfactory
high accuracy rates in the prediction of liver disease
severity. FSC can provide one or two decimal places (e.g.
2.4 or 2.46) and the utility of the score is possibly higher
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than mere histological staging of F1, F2, F3 or F4. The
reproducibility was confirmed by the remaining 276
patients’ data obtained from the other seven hospitals.
Although the validation data were collected from differ-
ent geographic area and different chronologic situation,
ESC showed similar results in prediction of histological
staging.

Fibrotic score for hepatitis C seemed a very useful
quantitative marker in evaluating severity of fibrotic
severity of hepatitis C patients without invasive proce-
dures and without any specialized ultrasonography or
magnetic resonance imaging. FSC also has an advantage
of measurement, in which old blood samples are avail-
able for retrospective assessment of varied clinical set-
tings: old sera from 20 years ago at the time of initial
liver biopsy, or paired sera before and after a long-term
anti-inflammatory therapy, for example. These kinds
of retrospective assessments of fibrotic staging will be
valuable in estimating a long-term progression of liver
disease, in evaluating efficacy of a long-term medication
or other medical intervention, or in making a political
judgment from the viewpoint of socioeconomic efficacy.

The score can be calculated for any patients with
chronic HCV infection. Although this multiple regres-
sion model dealt with appropriate logarithmic transfor-
mation for non-normal distribution parameters, the
regression analysis was based on a linear regression
model. Very slight fibrosis can be calculated as less than
1.00, which is commonly found with a slight degree of
chronic hepatitis with a tiny fibrotic change as F0. Very
severe fibrosis may be calculated as more than 4.00,
which is an imaginable and nonsense number in the
scoring system of fibrosis. FSC is, however, very useful
and valuable in real clinical setting. Estimation of sever-
ity of liver fibrosis in outpatient clinics, evaluation of
natural progression of patients’ fibrosis over 10 years,
and assessment of a long-term administration of inter-
feron in patients with chronic hepatitis C from the view-
point of fibrotic change. In this study, because certain
patients actually had a history of interferon administra-
tion, regression of liver fibrosis during and after the
treatment could be assessed when prior sera were avail-
able for serial evaluation of FSC. We can also expect the
usefulness of evaluation of carcinogenic risk after
sustained virological response, and stage progression
with alcohol intake or obesity-induced steatosis. Recent
development of new directly acting antiviral agents
require evaluation for long-term histological advantage,
for aggravation of hepatitis stage during viral and bio-
chemical breakthrough caused by HCV mutation, esti-
mation of future carcinogenic risk, and even for the best
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way of management of patients with chronic hepatitis
C. ESC seems one of the ideal methods of approxima-
tion for fibrotic stage of chronic hepatitis C. Repeated
measurement is quite suitable for patients with an
unestablished treatment or trial, every 1 or 2 years, for
example. Because the current regression function was
generated from the data of HCV-related chronic liver
disease, this equation would not be suitable for the
recognition of HBV-related chronic liver disease,* alco-
holic liver disease and other congenital or autoimmune
liver diseases. To recognize the latter diseases, other
studies about individual diseases must be performed.
We compared the usefulness of the FSC with that of
other fibrotic scores.®*'*'3 More simple and inexpensive
AAR or APRI could not well estimate fibrotic stages with
poor correlation coefficients of 0.021 and 0.462, which
were much lower than the coefficient of FSC of 0.572.
FibroTest, which contained three costly fibrotic markers
(02-macroglobulin, haptoglobin and apolipoprotein
A1), also showed a low correlation coefficient of 0.415,
suggesting that the usefulness was limited in HCV posi-
tive Asian patients. Although FIB-4 demonstrated the
best coefficient of 0.440 among the fibrotic scores,
significant overlaps were found between neighboring
stages and obtained scores were not coordinated for

‘real7l histological classification. Because this study also

measured those special markers included in FibroTest,
the ability of discrimination of fibrotic stages could be
compared among the five fibrotic scoring systems.

In conclusion, FSC was a useful and reliable
biomarker for prediction of liver fibrosis in patients with
chronic HCV infection. FSC is expected to be introduced
and utilized in varied kinds of studies and trials. Its
accuracy and reproducibility require further validation
using more numbers of patients in several countries
other than Japan.
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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
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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 2014559:89-97)

Abbreviations: AHB, acute hepatitis B; ALT, alanine aminotransferase; anti-HBe, antibody to hepatitis B core antigen; anti-HBs, antibody to HBsAg; HBeAg,
hepatitis B e-antigen; CLIA, chemiluminescent enzyme immunoassay; EIA, enzyme immunoassay; HBsAg, hepatitis B surface antigen; HBV, hepatitis B virus;
HIV, human immunodeficiency virus; IgM, immunoglobulin M; anti-HBe, antibody to HBeAg; NAs, nucleotide analogs; RPHA, reverse passive hemagglutination.
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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.” In Western countries, chronic HBV infec-
tion is relatively rare and acquired primarily in adult-
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

HEPATOLOGY, January 2014

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
HBV 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 anti-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, hepatitis 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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