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Background: The viral factors of hepatitis B virus (HBV), such as genotypes and mutations, were reported
to affect the development of fulminant hepatitis B (FHB), but the mechanism is still unclear.
Objectives: To investigate HBV mutations associated with FHB, especially in the subgenotype B1/Bj HBV

Accepted 20 June 2012 (HBV/B1), which are known to cause FHB frequently in Japan.

Study design: A total of 96 serum samples from acute self-limited hepatitis B (AHB) patients and 13 samples
g‘g’\‘/’”ord&' from FHB patients were used for full-genome/partial sequencing. A total of 107 chronic infection patients
FHB with HBV were also examined for the distribution of mutants.

Genotype Results: In the analysis of full-genome sequences of HBV/B1 (FHB, n=11; non-FHB, n=35) including those
T1961V from the databases, mutations at nt 1961 [T1961V (not T)] and nt 1962 [C1962D (not C)], which change
C1962D S21 in the core protein, were found more frequently in FHB than in non-FHB (100% vs. 20%, 55% vs. 3%,

respectively). When our FHB and AHB samples were compared, T1961V and C1962D were significantly
more frequent in FHB than in AHB, both in the overall analysis (46% vs. 6%, 39% vs. 3%, respectively)
and in HBV/B1 (100% vs. 29%, 100% vs. 14%, respectively). A newly developed PCR system detecting
T1961V showed that HBV/B1 and low viral load were independent factors for the mutation among chronic
infection patients.
Conclusions: T1961V/C1962D mutations were found frequently in FHB, especially in HBV/B1. The resulting
S21 substitution in the core protein may play important roles in the development of FHB.

© 2012 Elsevier B.V. All rights reserved.

1. Background

Hepatitis B virus (HBV) infection is one of the most common
viral diseases affecting humans. HBV causes a spectrum of liver

Abbreviations: AHB, acute self-limited hepatitis B; CTL, cytotoxic T lymphocyte;
FHB, fulminant hepatitis B; HBV, hepatitis B virus; HBV/B1, subgenotype B1/Bj HBV;
HBV/C2, subgenotype C2/Ce HBV; SSP, sequence-specific primer.
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diseases such as acute hepatitis, chronic hepatitis, liver cirrhosis,
and hepatocellular carcinoma.! Patients with acute HBV infection
sometimes develop fulminant hepatitis B (FHB). The survival rate
of FHB patients is still low? and they require careful management
including liver transplantation.

HBV contains a small (3.2 kb), circular, partially double-stranded
DNA genome.! Based on the genomic variability noted among HBV
isolates, HBV sequences have been classified into at least 8 geno-
types (A-H), and recently, additional 2 genotypes (I and J) were
proposed tentatively.4> The genotypes/subgenotypes of HBV have
been known to affect the disease outcome.5-8 As for FHB, the
subgenotype B1/Bj HBV (HBV/B1) was reported to be more often
associated than subgenotypes B2/Ba, genotype A, and genotype
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C.59 Although HBV genotypes are classified by a sequence diver-
gence of more than 8% in the entire genome,!C little is known
about which region or nucleotide substitutions of the genome are
responsible for the disease outcome differences among genotypes.

Several mutations in the precore region such as G1896A,69.11-15
which makes a stop codon and abrogates HBeAg, and those in the
core promoter such as double mutations of A1762T/G1764A69.16
were reported to be associated with FHB. Also, T1753V [A, C or
G (not T)]," T1754V,'* G1899A° and A2339G° were found in
FHB patients more frequently than in AHB patients. Some of them
were described as having the ability to enhance the replication
capacity of HBV in vitro.517-19 Recently, we reported that inser-
tions/deletions in the precore region, which cause a frameshift of
the precore protein and abrogates HBeAg, was found frequently
in FHB patients with HBV/B1 and enhanced the replication capac-
ity of HBV in vitro.’> However, some conflicting results have been
described?%2! and it is considered that there are still unknown
mechanisms in regard to the pathogenesis of FHB.

2. Objectives

Here we studied HBV mutations that were associated with FHB
by analyzing full-genome sequences. Next, additional patients with
acute and chronic HBV infection were analyzed for clarifying preva-
lence of mutations.

3. Study design
3.1. Serum samples

A total of 109 serum samples from patients with acute HBV
infection including 13 FHB patients and a total of 107 serum sam-
ples from patients with chronic HBV infection were obtained from
March 1998 to August 2011 in Tohoku University Hospital and
other 5 hospitals in the same area. The diagnosis of acute infection
was made based on the detection of high-titered immunoglobulin
M anti-hepatitis core without any history of prior liver diseases.
There were no acute infection patients who retained HBsAg for
more than 6 months. The diagnosis of fulminant hepatitis was made
based on a slightly modified definition in Inuyama Symposium
(Aichi, Japan, 1981) of the original definition®2: coma grade II or
higher, and a prothrombin time of less than 40% developing within
8 weeks after the onset.

3.2. Amplification of HBV sequences and determination of
genotypes

To determine the full-genome sequences of HBV, serum sam-
ples from 10 of 13 FHB patients were used. Because the sample
volume of the remaining 3 samples was relatively small, they were
used only for partial sequencing. Additionally, a serum sample from
HBYV carrier who developed FHB was studied only for full-genome
comparison. The same samples that were used for full-genome
sequencing in this study had been used also in a previous report
to determine only partial sequences.!> Amplification of the entire
HBV genome was performed by methods essentially similar to
those described previously.?*> To amplify the 548-nt sequence in
the core promoter/precore/core region [nt 1719-2266 (excluding
primer sequences), the nucleotide numbers are in accordance with
an HBV/B1 isolate of 3215 nt (D00329)], the DNA solution was sub-
jected to nested PCR. The first round PCR was carried out with
primers BO53 (Table S1) and B055, and the second round was car-
ried out with primers B054 and B052. The amplification products
were sequenced on both strands directly using the BigDye Ter-
minator v3.1 Cycle Sequencing kit on an ABI PRISM 3100 Genetic

Analyzer (Applied Biosystems, Foster City, CA). The AHB/FHB sam-
ples used for partial sequencing had never used in the previous
study.

For patients with chronic HBV infection, an HBsAg subtype EIA
kit (Institute of Immunology, Tokyo, Japan) was used to determine
the genotypes of HBV. Only genotype B samples were subjected to
direct sequencing for subgenotyping.

3.3. PCR with sequence-specific primers detecting the mutation at
nt 1961

To detect mutations at nt 1961 (T1961V) rapidly without the
sequencing analysis, a PCR system with sequence-specific primers
(SSP) was newly developed in this study. Because the sequences
around nt 1961 were relatively conserved, two opposite primers,
B0O50 and BO51, whose 3’ ends are located at nt 1961 could be
designed. BO50 can anneal only with T1961V mutants to make
349 bp products. BO51 can detect sequences without T1961V and
make 208 bp products. The DNA solution was subjected to PCR with
primers 8 pmol of B049, BO51, and B052, and 64 pmol of B050, and
AmpliTaq Gold PCR Master Mix (Applied Biosystems) in 20 pl reac-
tion. The PCR was carried out for 40 cycles (95 °C for 155, 60°C for
155, 72°Cfor 60s). If both 208 bp and 349 bp products were ampli-
fied, the HBV was considered to have the mix type mutations at nt
1961.

3.4. Statistical analysis

Statistical analyses were performed using Fisher's exact prob-
ability test or the chi-square test for comparison of proportions
between two groups and Mann-Whitney U test for comparison
of continuous variables between two groups. Multivariate analy-
ses were performed with a logistic regression model using SPSS
Statistics 19 (IBM, Armonk, NY). ‘

4. Results
4.1. Full-genome comparative analysis of HBY

Of 10 full-genome sequences from FHB patients, 4 sequences
were revealed to belong to HBV/B1 and 5 sequences were subgeno-
type C2/Ce (HBV/C2), and one sequence was subgenotype B2/Ba.
A sequence from an HBV carrier who developed FHB (BFJT2009-
1) was HBV/B1. A phylogenetic tree was constructed based on
the full-genome sequences of genotype A-] HBV (Fig. S1) and the
sequence data have been assigned to the GenBank/EMBL/DDBJ with
the accession numbers AB642091-AB642101.

In August 2011, a total of 41 full-genome sequences of HBV/B1
could be retrieved from Hepatitis Virus Database?* and Gen-
Bank/EMBL/DDBJ. Of them, 6 were obtained from FHB patients,
and 35 were others including chronically infected patients. First,
a consensus sequence of HBV/B1 was deduced from the 35 non-
FHB strains. Then the numbers of nucleotide mutations, which were
different from the consensus sequence, in all of the 3215 nt of the
HBV/B1 genome were compared between FHB (n=11, including 5
sequences determined in this study) and non-FHB. When the p-
values of mutations were calculated in each nucleotide, only nt
1961 and 1962 had lower p-values than 1.0 x 10-3 (Fig. 1A). The
full-genome sequences of HBV/C2 were also compared between
FHB (n=15, including 5 sequences determined in this study) and
non-FHB (n=35) in the same way (Fig. 1B). However, such a low
p-value was not found in the HBV/C2 strains. Table S2 shows the
nucleotides that had lower p-values than 1.0 x 10~2. The partial
nucleotide sequences of HBV/B1 around nt 1961/1962 are shown
in Fig. 1C. All of the 11 FHB strains had the mutation at nt 1961 and
6 strains had the mutation at nt 1962. Although the mutations at nt
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B1/Bj

-log,, (p-value)

-log,, (p-value)

nt 1861/1962 $21 (core)

1952 TTTTTGCCTICTGACTTCTTTCCGTCGGTE 1981 18 FLPSDFFPSV 27

C B1/8j coneensus
BFJT1996-1
BFJT1997-1
BFJT1989-1
BFJT2003-~2
BFJT2009-1
HBV-ASA-FH1 (D50521)
HBV-ASA-FH2 (D50522)
Yamagata-2 (AB010250)
patientl12 (AB300370)
patientl3 (AB300371)
Bj_39(AB302095)

D C2/Ce consensus 1952 TTTTTGCCTTCTGACTICTTTCCTTCTATT 1981 18 FLPSDFFPSI 27
BFJT2000-1
BFJT2000-2
BFJT2003-1
BFJT2005-1
BFJT2006-1
HBV AN28 (AB049609)
HBYV AN29 (AR045610)
HBV-JPH7-99 (AB205152)
patientll (AB300369)
patientl4 (AB300372)
patientls (AB300373)
FH5 (AF461357) /China
FH30(AF461361) /China
adr (GQB72211) /Korea
FH4 (AY066028) /China

Fig. 1. Comparison of HBV full-genome sequences between FHB and non-FHB. (A)
Comparison of HBV/B1 between FHB (n=11) and non-FHB (n=35). The frequen-
cies of mutations at each nucleotide were analyzed, and the reciprocal numbers of
p values were plotted. (B) Comparison of HBV/C2 between FHB (n=15) and non-
FHB (n=35). (C) Partial nucleotide sequences of HBV/B1 around nt 1961/1962 and
deduced amino acid sequences of FHB strains. The consensus sequences deduced
from non-FHB sequences are indicated at the top. (D) Sequences of HBV/C2. W
(nucleotide), T or A; X (amino acid), Sor T.

1961/1962 were minor in HBV/C2 (Fig. 1D), 3/15 (20%) of FHB and
2/35 (6%) of non-FHB had the mutations. These mutations could
change the amino acid of S21 in the core protein (Fig. 1C and D),
which is located in an HLA-A2 restricted cytotoxic T lymphocyte
(CTL) epitope of HBcAg18-27.2°

4.2. Distribution of S21 substitution among patients with HBV
acute infection

Next we compared partial sequences containing nt 1961/1962
using our acute self-limited hepatitis B (AHB, n=96) and FHB
(n=13) samples. The clinical characteristics of FHB/AHB patients
are shown in Table 1. Consistent with previous reports,59 the
HBeAg positive rate was significantly lower in FHB patients.
As reported previously from Japan, HBV/C2 was most prevalent

Table 1
Clinical characteristics of patients with FHB and AHB in this study.
FHB (n=13)? AHB (n=96)* p-Value

Age 452 +16.0 325+13.1 0.004
Male 11(84.6) 59 (61.5) 0.088
HBeAg positive 1(7.7) 61 (67.8) <0.0005
Peak T. Bil (mg/dl)® 15.1+8.38 9.0+9.0 0.096
Peak AST (1U/1)P 4663 +3786 145141686 0.074
Peak ALT (1U/1}® 4841+ 3850 2350+1735 0.300
Lowest PT (%)P 19.7+11.6 73.7+£238 <0.0005
HBV DNA (log copies/ml)* 6.7£22 6.7+19 0.954
HBV subgenotype

A2/Ae 0(0) 19(19.8) 0.070

B1/Bj 4(30.8) 14 (14.6) 0.141

B2/Ba 2(15.4) 5(5.2) 0.196

B7 0(0) 1(1.0) 0.238

C1/Cs 0(0) 3(3.1) 0.681

c2/ce 7(53.8) 54 (56.3) 0.680
Therapy

Liver transplantation 3(23.1) 0(0) 0.001

Nucleoside analog® 4(385) 9(9.4) 0.048
Deceaced 6(46.2) 0(0) <0.0001

T. Bil, total bilirubin; AST, aspartate aminotransferase; ALT, alanine aminotrans-
ferase; PT, prothrombin time.

2 Values are expressed as the mean =+ standard deviation or numbers of patients
(%).

b Data of 28 patients could not be obtained.

¢ Data of 8 patients could not be obtained.

4 Lamivudine or entecavir was used.

(61/109, 56%). HBV/B1 was found more frequently (18/109, 17%)
than the reports of all Japan (7%)%6 and was reported to be a char-
acteristic of northeast Japan.”-13

Besides the mutations at nt 1961 and 1962, several mutations
that were reported to be associated with FHB%9.11-14.16 were com-
pared. The frameshift insertions/deletions in the precore region
that we reported recently!® were also included. In the overall anal-
ysis, the mutations of G1896A, T1961V, and C1962D [A, G or T
(not C)] were found much more frequently in FHB patients than in
AHB patients (62% vs. 8%, p=3.0 x 10~>; 46% vs. 6%, p=5.4 x 1074;
39% vs. 3%, p=5.1 x 1074, respectively) (Fig. 2A). The mutations of
A1762T/T1764A and the precore frameshift were significantly more
frequent in patients with FHB (48% vs. 16%, p=0.018; 23% vs. 1%,
p=0.0051), as well. Notably, when HBV/B1 isolates were compared,
the frequencies of only T1961V, C1962D, and the precore frameshift
were significantly different (100% vs. 29%, p=0.023; 100% vs. 14%,
p=0.0049; 75% vs. 7% p=0.019) (Fig. 2B). In the analysis of HBV/C2
isolates, G1896A (71% vs. 7%, p=3.9 x 104), A1762T/G1764A (71%
vs. 26%, p=0.026), and T1753V (43% vs. 9%, p=0.042) were sig-
nificantly more frequent in FHB patients (Fig. 2C), different from
HBV/B1.

Additionally, we analyzed the T1961V frequency in combina-
tion with the major mutations G1896A and A1762T/G1764A. In the
overall analysis, the frequency of isolates without these mutations
was significantly higher in AHB than FHB (77% vs. 8%,p=1.8 x 10~6)
(Fig. 2D). The combinations of A1762T/G1764A and G1896A, and
all three mutations were found more frequently in FHB patients
than in AHB patients (31% vs. 3%, p=0.0036; 15% vs. 1%, p=0.037,
respectively). When analyzed separately 2 subgenotypes, the dis-
tribution of combination pattern in FHB patients was quite different
(Fig. 2E and F). Whereas T1961V was present alone (50%) or with
G1896A (50%)in HBV/B1, all HBV/C2 isolates with T1961V had both
A1762T[G1764A and G1896A. Because the all HBV/B1 isolates only
with T1961V had the precore frameshift, which abrogates HBeAg
like as G1896A,15 T1961V seemed to be related to HBeAg-defective
strains.
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Fig. 2. Comparison of mutations between FHB and AHB in the core promoter/precore/core region. Besides T1961V and C1962D, several mutations that had been reported
to be associated with FHB were also included. (A) Comparison of the overall HBV sequences between FHB (n=13) and AHB (n=96). (B) Comparison of HBV/B1 between FHB
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****p <0.00005.

4.3. Distribution of T1961V in chronically HBV-infected patients

A PCR system with SSP was established in this study to detect
T1961V more easily (Fig. 3). Using the PCR system, the frequency
of T1961V was evaluated using 107 chronically HBV-infected
patients [mean age, 50.6+13.8; male, 73 (68.2%); HBeAg posi-
tive, 49 (45.8%); mean ALT (IU/1), 142.94+177.7;, mean HBV DNA
(log copies/ml), 6.4 = 1.7; liver cirrhosis, 27 (25.2%); hepatocellular
carcinoma, 20 (18.7%)]. Of them, 103 (96%) could be determined to
be a wild type or a mutant at nt 1961. The remaining 4 patients
showed only 512 bp products. Sequencing analysis showed that
HBV of the 4 patients had minor mutations within the B051-
annealing site and no mutation at nt 1961. In total, 18/107 (17%)
patients had T1961V mutants including the mixed type (Table 2).
Of note, the frequency of T1961V including the mixed type was
significantly higher in HBeAg-negative patients than in HBeAg-
positive patients (29% vs. 2%, p=1.7 x 10~4). Patients with low
HBV DNA levels (<6.6logcopies/ml) in the serum had T1961V
mutants more frequently than those with high levels (31% vs.
4%, p=1.8 x 10~%). Although patients treated with nucleos(t)ide
analogs had T1961V mutants frequently, it may be a result from
the fact that HBeAg-negative patients with low HBV DNA are rarely
treated with nucleos(t)ide analogs. When the HBV genotypes were

compared, the T1961V mutants were detected more frequently in
HBV/B1 than in the others (41% vs. 11%, p=0.002). HLA-A2 pos-
itivity, which was detected as described previously,2”2?® was not
associated with the mutation significantly. A multivariate analysis
showed that the HBV/B1 (odds ratio 7.635, p=0.006) and HBV DNA
levels (odds ratio 0.548, p=0.009) were independent factors for the
T1961V mutation.

5. Discussion

In this study, we found first that the S21 substitution in the core
protein due to T1961V (£C1962D) was associated with FHB, espe-
ciallyin HBV/B1.Because the first stage analysis of HBV full-genome
sequences included HBV strains from chronically infected patients
in the databases, mutations that were common in chronic infection
such as G1896A29 and A1762T/G1764A3° were not detected. In the
analysis, only mutationsatnt 1961 and 1962 in HBV/B1 were picked
up with lower p-values than 1.0 x 10~3, and we could confirm that
these mutations were more frequent in FHB patients in the second
stage analysis of our acutely infected patients. Therefore, the rapid
examination of T1961V by PCR with SSP in this study was con-
sidered to be useful to predict the development of FHB in acutely
infected patients.
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Table 2
Distribution of the mutation at nt 1961 among HBV chronically infected patients detected by PCR with SSP.
n Wild type (%) Mixed type (%) Mutant (%) p-Value?

Overail 107 89(83.2) 6(5.6) 12(11.2)

Age (years) 0.245
<53 56 49(87.5) 1(1.8) 6(10.7)
>53 51 40(78.4) 5(9.8) 6(11.8)

HBeAg <0.0005
Positive 49 48(98.0) 0(0) 1(2.0)
Negative 58 41(70.7) 6(10.3) 11(19.0)

HBV DNA (log copies/ml) <0.0005
<6.6 52 36(69.2) 6(11.5) 10(19.2)
>6.6 55 53(96.4) 0(0) 2(3.6)

Liver cirrhosis 0.496
Present 27 22(81.5) 3(11.1) 2(7.4)
Absent 80 67(83.8) 3(3.8) 10(12.5)

Hepatocellular carcinoma 0.083
Present 20 14(70.0) 4(20.0) 2(10.0)
Absent 87 75(86.2) 2(2.3) 10(11.5)

Treatment 0.049
Nucleos(t)ide analog® 24 23(95.8) 0(0) 1(4.2)
Naive 83 66(79.5) 6(7.2) 11(13.3)

Genotypes
A 4 3(75.0) 1(25.0) 0(0)
B 25 16(64.0) 4(16.0) 5(20.0) 0.006°
B1/Bj 22 13(59.1) 4(18.2) 5(22.7) 0.002¢
B2/Ba 3 3(100) 0(0) 0(0)
C 78 70(89.7) 1(1.3) 7(9.0)

HLA-A2 0.056
Positive 32 30(93.8) 0(0) 2(6.3)
Negative 36 29(80.6) 2(5.6) 5(13.9)

4 Wild type vs. mixed type and mutant.

b Twenty patients were treated with lamivudine, and 4 patients were treated with combination of lamivudine and adefovir dipivoxil. They were treated for more than 3

months.
¢ Genotype B or subgenotype B1/Bj vs. others.

A W nt 1961
B0S0-G 5’ GGAGTTACTCTCDTTTTTGCCTG 37

B050-C 5’ 37

BOS0-A 57

B1/Bj wild 1951 GGAGTTACTCTCTTTTTTGCCTTCTGACTTCTTTCCGTTGGTGCG 197C
BFJT19986~-1 1950 T---r-~-—~===——mmm—o——— GT- 1969

BFJT1997-1 1952 ~------- T 1971

BFJT1899-1 1951 A - 1970
BFJT2003+2 1952 =~mwmmmmmmmm mmmomm e CAR~~—= === m = 1971
B B049: nt 1776-1797 BO051: nt 1961-1983
—B- -

e -
B050: nt 1939-1961 B052: nt 2267-2287
1961T (Wild) s——— 208 bp

1961V (mutant)

349 bp

nt 1961

C 19617 1961C
T C G A NC

104 10% 102 10 102 102 (x2 copies)

Plasmid DNA

AHB serum samples

Fig. 3. Schema of the PCR with SSP established to detect the S21 mutation. (A)
Primer sequences used in the PCR and corresponding sequences of the HBV/B1 wild
type and 4 HBV/B1 FHB strains. Because the S21 mutants always had T1961V in our
analysis, SSP was designed to anneal with either T1961V mutant or wild type. (B)
Schema of the positions of primers used in the PCR, and the size of the resulting
PCR products. T1961V mutants were distinguished by the difference of amplified
products (wild type, 208 bp; mutant, 349 bp). (C) Patterns of the electrophoresis of
the PCR products. The left panel shows the products amplified from the plasmid DNA
with 1961T and 1961C of 2.0 x 10 to 2.0 x 10? copies, and the right panel shows
the products amplified from DNA of AHB patient sera whose partial HBV sequences
including nt 1961 were determined. The 512bp products amplified by primers of
B049 and B052 were not necessarily detected.

nt 1961-1963 of HBV encodes S21 in the core protein, which is
located within an HLA-A2 restricted CTL epitope of HBcAg18-27,%°
and T1961V £C1962D changes S21 to various amino acids. Inter-
estingly, this mutant epitope had been suggested to act as T-cell
receptor antagonist leading to inhibition of the CTL response to the
wild type CTL epitope,3! and the $21 substitution was considered to
be a CTL escape mutation.32 However, of our 3 FHB patients whose
HLA-A types were known, 2 patients with S21 substitution did not
have HLA-A2 (data not shown). Therefore the pathogenesis might
not be necessarily due to the immune escape. Also, in patients with
chronic infection, there were several HLA-A2-negative patients
with T1961V mutants. The association between S21 substitution
and HLA types has to be clarified further both in acutely infected
patients and in chronically infected patients.

Because this study was limited by the small number of FHB
patients and the cross-sectional nature, causal relationship could
not be established well. While it is possible that 521 substitution
predisposes acute infection patients to FHB, immune pressure dur-
ing active hepatitis can also induce mutations. The latter possibility
is less likely because of the short duration from infection, but fur-
ther mechanistic study is needed to address the issue.

Through HBeAg seroconversion, which is an important event
in chronic HBV infection, the HBV specific CTL repertoire devel-
ops, and mutations in the core gene increase.33 It was reported
that the S21 substitution was more frequent in HBeAg-negative
chronic hepatitis B patients with low levels of HBV DNA than in
those with high levels of HBV DNA,32 which is concordant with our
results. A study from New Zealand reported that, in the core protein,
S21 was one of the amino acids under significant positive selection
pressure.3* These data suggested that the S21 substitution favors
the persistence of HBV in the late stage of the natural course of HBV
chronic infection, despite the developed immunity.

In conclusion, the S21 substitution in the core protein due
to T1961V £ C1962D was found more frequently in FHB patients,
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especially those with HBV/B1, than in AHB patients or chronically
infected patients. This finding may give an insight into the mecha-
nism of FHB and may be useful to predict the development of FHB
in acute HBV infection.
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