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Background and Aim: Acute exacerbation of chronic hepatitis B has to be distinguished
from acute hepatitis, because treatment strategies differ between them.

Methods: Mutations in the core promoter and precore region of hepatitis B virus (HBV)
were determined in 36 patients with acute exacerbation of chronic hepatitis B, in whom
alanine aminotransferase (ALT) increased above 500 IU/L, as well as the 36 patients with
acute hepatitis.

Results: Mutations in the core promoter (A1762T/G1764A) and precore region (G1896A)
were more frequent in patients with acute exacerbation of chronic hepatitis than acute
hepatitis (81% vs 19%; P < 0.0001 and 58% vs 6%; P < 0.0001, respectively). Of the 19
patients with mutations in both the core promoter and precore region, 17 (89%) had acute
exacerbation of chronic hepatitis. In contrast, among the 32 patients with the wild-type
for both the core promoter and precore region, 29 (89%) developed acute hepatitis. By
multivariate analysis, the double mutation in the core promoter was predictive of acute
exacerbation in chronic hepatitis with the highest odds ratio at 26.4.

Conclusions: In patients with hepatitis B having ALT levels >500 TU/L, mutations in the
core promoter and precore region are useful in distinguishing acute exacerbation of chronic
from acute HBV infection. Detection of these ions would be useful for commencing
prompt antiviral treatments on patients with acute exacerbation of chronic hepatitis for a

better prognosis.

Introduction

There are two clinical entities of acute liver disease induced by
hepatitis B virus (HBV)." Acute hepatitis is induced by immune
responses of hosts for eliminating HBV. Most cases of acute hepa-
titis clear hepatitis B surface antigen (HBsAg) from serum and
resolve infection within 6 months after the onset. Acute exacerba-
tion of hepatitis, by contrast, occurs in individuals chronically
infected with HBV. They have been infected perinatally or in an
early infancy and are tolerant to HBV. Later in their lives, however,
the tolerance to HBV is terminated, and immune responses are
elicited in them. As a result, severe hepatitis can develop along
with subjective symptoms and abnormalities in liver function tests.
It is therefore difficult to distinguish acute hepatitis from acute-
on-chronic hepatitis. The antibody to hepatitis B core antigen
(anti-HBc) of the IgM class is used to distinguish acute from
chronic HBV infection. However, IgM anti-HBc develops in some
patients with chronic hepatitis during acute exacerbation, in titers
overlapping with those of acute hepatitis.™ Hence, high-titred
anti-HBc can not always differentiate between acute and acute-on-
chronic hepatitis B.

HBV is a small, partially double-stranded DNA virus made of
approximately 3200 nucleotides (nt). Since its replication involves
the reverse iption of pregenome RNA,' mutations occur
more frequently in HBV than in other DNA viruses.? Individuals
persistently infected with HBV have hepatitis B e antigen
(HBeAg) in serum initially. Later in their lives, they losc HBeAg
and develop antibodies to HBeAg (anti-HBe). The seroconversion
is induced by mutations in two different domains of HBV-DNA.
The double mutations in core promoter (A1762T/G1764A) inter-
fere with the transcription of precore RNA and reduce the expres-
sion of HBeAg precursor® G-to-A mutation at nt 1896 in the
precore region converts codon 28 for tryptophan (TGG) to a stop
codon (TAG), and terminates the translation of HBeAg precur-
sor,”® These mutations in the core promoter and precore region are

ported in patients with fulminant hepatitis,”! as well as in those
with chronic active hepatitis.'

In the present study, core promoter and precore mutations were
determined in patients with acute exacerbation of chronic hepatitis
and those with acute hepatitis. The results obtained indicate that
these mutations would be useful for distinguishing acute-on-
chronic from acute hepatitis B.
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Methods

Patients

During a 5-year period from 2000 through 2004, 36 patients with
acute hepatitis B were admitted to National Hospital Organization
Nagasaki Medical Center. The diagnosis of acute hepatitis B was
made for patients who presented with signs and symptoms sug-
gestive of acute hepatitis (nausea, jaundice, fever, abdominal pain,
and enlarged liver) and who were positive for HBsAg and/or IgM
anti-HBc, negative for anti-HCV as well as 1gM anti-HAV, and
had alanine aminotransferase (ALT) values exceeding five-times
the upper limit of normal (40 U/L). The loss of HBsAg from
serum within 6 months after onset was confirmed in all patients.
Infectious sources of acute hepatitis B were sexual contacts in
25 patients, illicit intravenous drugs in four, and unknown in the
remaining seven patients,

Among 261 patients with chronic hepatitis B who had been
followed up during the same period, acute exacerbation developed
in 36 (14%), and 30 of them (83%) reported a family history of
HBYV infection, HBsAg had persisted for 1 year or longer and ALT
increased to >500 TU/L in them all, All the 36 patients with acute-
on-chronic hepatitis B underwent a liver biopsy. Fibrosis stages
were FO in 1, Fl in4, F2 in 16, F3 in 8, and F4 in 7, and activity
grades were Al in 3, A2 in 9, and A3 in 24. The five patients in
mild fibrosis stages (FO or F1) had been infected with HBV for
longer than 6 months before they suffered from acute exacerba-
tion, thereby excluding the possibility of acute HBV infection.

Fulminant hepatitis was diagnosed by prothrombin time <40%
and hepatic encepharopathy of grade I or higher, and acute severe
hepatitis by prothrombin time =40% and encephalopathy of grade
T or less. Among the 36 patients with acute hepatitis, one devel-
oped fulminant hepatitis and five came down with severe hepatitis.
Among the 36 patients with acute exacerbation of chronic hepatitis
B, one developed fulminant hepatitis and one had severe heparitis.
The two patients with fulminant hepatitis died of advanced
hepatic failure; their family members did not agree with liver
transplantation.

Mutations in the core promoter and precore region were deter-
mined in sera from patients obtained when they presented with
acute hepatilis or acute exacerbation of chronic hepatitis.

Informed consent was obtained from each patient, and the study
protocol conformed to the ethical guidelines of the 1975 Declara-
tion of Helsinki as reflected in a priori approval by the institution's
human research committee.

Determination of mutations In precore region
and core promoter

HBV-DNA was recovered from serum (50 pL) with use of the
SMITEX-R&D extraction kit (Medical Biological Laboratories
[MBL], Nagoya, Japan). The stop-codon mutation in precore
region (G1896A) was determined by enzyme-linked mini-
sequence assay (ELMA) with a commercial kit (MBL)."*'* HBV-
DNA solution (50 pL) was mixed with ELMA solution (50 pL),
and subjected to polymerase chain reaction (PCR). Amplification
products were delivered to wells in a microtiter plate that had been
coated with probes for the wild-type or mutant; they had G or A at
the position 1896. Reaction was determined by colorimetry, and an
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optical density >0.100 was judged positive, while that of <1.00
was regarded negative. Positive reading on the well for wild-type
only was recorded as the wild-type; that on mutant well alone as
the mutant type; and positive readings both on wild-type and
mutant wells were classified as the mixed type.

Mutations in core promoter were determined by enzyme-linked
specific probe assay (ELSPA) with commercial kits (MBL).'*'*
HBV-DNA solution (50 uL) wes mixed with ELMA solution
(50 pL), and subjected to PCR. Amplicons were transferred to
three wells in a microtiter plate which had been coated with dif-
ferent probes. One of wells was coated with probe for the wild-
type with A1962/G1764 and another with that for the mutant type
with T1762/A1764, and the third with a highly preserved HBV-
DNA sequence for guaranteeing successful amplification by PCR.
Determination was possible when optical density of the control
well exceeded 0.800 and that of the well for the wild-type or
mutant was higher than 0.400, in accordance with the decision
table in package inserts of the kit

The sensitivity and specificity of the ELSPA and MBL kits were
examined on cloned wild-type and mutant-type HBV-DNA.
Reproducible results were obtained with a sensitivity of 100
copies/100 uL of HBV-DNA

Statistical analysis

Categorical variables were compared between groups by the
¥*-test and Fisher's exact test, and continuous variables by the
Student’s t-test. Influence of various factors on the manifestation
of disease was evaluated by logistic regression in univariate and
multivariate analyses. Analyses were performed with SAS sofi-
ware (SAS Institute Japan, Tokyo, Japan), and differences were
considered significant when the P-value exceeded 0.05.

Results

Comparison of patients with acute
exacerbation of chronic hepatitis and
acute hepatitis

Table 1 compares clinical and virological characteristics between
patients with acute exacerbation of chronic hepatitis and acute
hepatitis. Men predominated (86% vs 58%; P <0.01) and plate-
lets counts were lower (177 =56 vs 238 % 60 X 10°%/mm’;
P <0.0001), while IgM anti-HBc was less frequent (58% vs 97%;
P <0.0001) in patients with acute-on-chronic than acute hepatitis.
Distribution of HBV genotypes was no different between patients
with acute-on-chronic and acute hepatitis, and genotype C
accounted for ~90% and genotype B for only 8% in them both.

Mutations in the core promoter and
precore region

The double mutation in core promoter (A1762T/G1764A) and
precore mutation (G1896A) were more frequent in patients with
acute-on-chronic than acute hepatitis (81% vs 19% and 58%
vs 6%, respectively, P <0.0001 for each). Of the five patients
with fulminant or severe acute hepatitis, four (80%) possessed
mutations in the core promoter and/or precore region. Table 2
summarizes mutations in the core promoter and precore region in
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Table 1 Clinical and virological charecteristics of patients with acute exacerbation of chronic hepatitis and those with acute hepatitis

Features

Acute exacerbation of chronic hepatitis Acute hepatitis Differences
n=386) (n=236)
Men 31 (B6%) 21 (58%) P=0.009
Age (years) 36 =13 16-82) 38 =18 (16-87) NS
Albumin (g/dL) 41 =04 B.1-5.0) 402052451 NS
ALT (lu) 1499 = 577 (B08-2740) 1782 = 785 (208-2990) NS
Total bifirubin (mgfdL) 40=420417.2) 656+53 (0.8-21) NS
Platelets (x 10%mm?) 177 £ 56 (72-313) 238 = 80 (75-358) P<0.0001
Prothrombin time (%) 71 =21 (38-114) 77 =27 (5-120) NS
IgM anti-HBe 21 (68%) 35 (97%) P <0.0001
HBV ganotypas
B 3 (B%) 3 (B%) NS
c 33 (92%) 32 (B9%) NS

ALT, alanine aminotransferase; anti-HBc, antibody to hepatitis B core antigen; HBY, hapatitis B virus; NS, not significant.

Table2 Clinical manifestation of hepatitis B virus of the wild-type or
with mutations in the care promoter andfor precore region

Acute exscerbation  Acute

Core promoter  Pracore

(nt 1762/1764)  region (nt 1896)  of chronic hepatitis  hepatitis
Wild Wild n=32) 3 8%) 28 (91%)
Wild Mutant (n=17) 12 (71%) 5 (29%)
Mutant Wild (n=7) 4 (100%) 0

Mutant Mutant (n=18) 17 (88%) 2 (11%)

the patients with acute exacerbation of chronic hepatitis and those
with acute hepatitis. Of the 19 patients with the mutant type both
for core promoter and precore region, 17 (89%) were those with
chronic hepatitis who had developed acute exacerbation. Of the 32
patients infected with the wild-type both for core promoter and
precore region, in contrast, 29 (91%) had been diagnosed with
acute hepatitis.

Factors contributing to the differentiation of
acute exacerbation of chronic hepatitis from
acute hepatitis

Univariate and multivariate analyses were performed for sorting
out factors predictive of acute exacerbation in patients with
chronic hepatitis B (Table 3), In univariate analysis, male gender,
low platelet counts, negative IgM anti-HBc, and mutations in the
core promoter, s well as the precore region, predicted the acute
exacerbation of chronic hepatitis. In multivariate analysis, only
male gender, negative IgM anti-HBc, and the double mutation in
the core promoter were predictive of acute exacerbation of chronic
hepatitis. Among these three parameters, the core promoter muta-
tion had the highest odds ratio at 26.4.

Discussion

Acute HBV infection in adulthood is mostly self-limited, and
rarely becomes chronic.” Acute exacerbation can emerge in
chronic hepatitis, however, making it difficult to differentiate from
acute self-limited hepatitis. The prognosis is more severe for
acute-on-chronic than acute hepatitis B; it can transit swiftly to

Journal of and

decompensation and cirrhosis.'® Recently, many antiviral drugs
have been introduced, including lamivudine, adefovir-dipivoxyl,
and entecavir, and they can prevent the development of decom-
pensation and cirrhosis in patients with chronic hepatitis B,/
Hence it is necessary to diagnose the acute exacerbation in patients
with chronic hepatitis B in order to start treatment with antiviral
drugs immediately, '™

In persistent HBV infection, mutations in the core promoter
and/or precore region accumulate with time, as hosts seroconvert
from HBeAg to anti-HBe. In the present series of 36 patients with
the exacerbation of chronic hepatitis, core promoter and precore
mutations were found more frequently than in the 36 patients
with acute hepatitis (81% vs 19%; P <0.0001 and 58% vs 6%;
P <0.0001, respectively). Of the 19 patients with mutations both
in the core promoter and precore region, in particular, 17 (89%)
had developed acute exacerbation of chronic hepatitis. In remark-
able contrast, of the 32 patients with the wild-type both for the core
promoter and precore region, 29 (91%) had acute HBV infection.
By multivariate analysis, core promoter mutations were predictive
of chronic HBV infection with the highest odds ratio at 26.4.

For acute hepatitis B, the wild-types both for the core promoter
and precore region had positive and negative predictive values of
90% (29/32) and 81% (29/36), respectively. For acute exacerba-
tion of chronic hepatitis B, mutation in either the core promoter or
precore region had positive and negative predictive values of 83%
(33/40) and 92% (33/36), respectively. Taken altogether, determi-
nation of mutations in the core promoter and precore region would
be helpful in distinguishing between chronic and acute HBV infec-
tions in the patients who present themselves with serum HBsAg
mnd ALT levels exceeding 500 IU/L. HBV genotypes can influence
the development of core promoter and precore mutations.® They
would have made little difference in patients in this study; the
majority of them were infected with HBV genotype C.

Patients with acute HBV infection possess IgM anti-HBc in
high titers, which can differentiate them from those with acute-on-
chronic heaptitis.®*" IgM anti-HBc appears in considerably high
titers in sera of some patients with chronic hepatitis undergoing
acute exacerbation.™ It is therefore difficult to differentially diag-
nose acute from chronic infection by IgM-anti-HBc slone. Based
on the results obtained in this study, mutations in the core promoter
and precore region would improve the diagnosis of acute exacer-
bation in chronic hepatitis.

23 (2008) 790-793 © 2008 Tha Authors
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Table 3 QOdds ratio for the acute rbation of chronic hep
Factors Univariate analysis Multivariate analysis

185% confidence interval) (96% confidence interval)
Male gender 4.4 (1.4-14,0;; P=0.0115 9.0 (1.0-76.6); P=0.0456

Platelets < 100 x 10%mm?®
Negative IgM anti-HBc
Core promoter mutations
Precore mutation

6.7 (2.4-19.0); P=0.0003
25.0 (3.1-203.2); P=0.0026
17.2 (6.3-55.2); P<0.0001
23.8 (6.0-114.7); P<0.0001

4.0 (0.7-23.1); P=0.1275
21,6 {1.7-267.5); P=0.0167
26.4 (3.6-192.61; P=0.0013

5.0 (0.7-37.2): P=0.1138

anti-HBc, antibody to hepatitis B core antigen.

As we have reported previously, however, these mutations are
frequent in patients with folminant or severe acute hepatitis.!* In
this study, also, four of the five (80%) patients with fulminant or
severe acute hepatitis possessed mutations in the core promoter
and/or precore region. This would have to be taken into consider-
ation when using these mutations to differentiate between acute-
on-chronic and acute hepatitis.

It is hoped that our findings indicating the usefulness of the core
promoter and precore mutations, obtained in limited numbers of
patients with acute and chronic HBV infection, would be extended
in further studies for prompting antiviral treatment in patients with
chronic hepatitis who develop acute exacerbation.
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