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Case report

Reactivation of latently infected hepatitis B virus in a leukemia
patient with antibodies to hepatitis B core antigen
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positive for antibodies to hepatitis B core antigen (anti-
HBc), but negative for HBsAg, through liver transplan-
tation.4–7 Thus, it appeared that the dormant HBV
maintained persistent infection in the liver of anti-HBc-
positive but HBsAg-negative individuals without caus-
ing hepatic inflammation or clinical liver dysfunction.
Recently, we have demonstrated that the majority of
healthy individuals positive for anti-HBc were latently
infected by the episomal form of HBV, with ongoing
viral replication.8 In addition, it was suggested that the
predominant strain of latently infected HBV in these
anti-HBc-positive healthy individuals was the wild type,
without any mutations in the precore (C) and core pro-
moter regions in the presence of circulating antibody to
hepatitis B e antigen (anti-HBe).8

On the other hand, development of fatal liver failure
was occasionally reported in HBsAg-positive carriers
who were positive for anti-HBe, which was attributable
to reactivation of chronically infected HBV.9–13 In con-
trast to findings in these HBsAg-positive carriers, the
risk of HBV reactivation in HBs-Ag-negative individu-
als has not been well characterized. Lok et al.14 reported
that reactivation of HBV occurred in patients with
HBV-related serological markers during chemotherapy
for malignant lymphoma, including two patients who
were initially negative for HBsAg but positive for anti-
HBc and who had antibodies to HBsAg (anti-HBs).14

Evidence of possible HBV reactivation in anti-HBc-
positive but HBsAg-negative individuals, because of
immunosuppression, can also be seen in HIV-infected
patients15,16 and in the recipients of kidney trans-
plants.17,18 Although these findings suggest that HBV
reactivation does occur in anti-HBc-positive but
HBsAg-negative healthy individuals under certain
immunosuppressive conditions, little is known about
the mechanism of viral reactivation and the character-
istics of the reactivated HBV in these individuals.

We encountered a patient with leukemia who was
positive for anti-HBc and who developed fatal liver

A 66-year-old man with chronic B-cell leukemia who
had antibody to hepatitis B core antigen (anti-HBc) but
not hepatitis B surface antigen (HBsAg) suffered from
lethal hepatitis caused by hepatitis B virus (HBV) reac-
tivation. He initially lacked circulating viral genomes in
his sera and did not have a past history of liver dysfunc-
tion. In this patient, the immunosuppressive condition
introduced by disease progression of leukemia induced
reactivation of dormant HBV, and the withdrawal of
chemotherapy resulted in fatal liver failure. Mutation-
specific assay based on competitive polymerase chain
reaction (PCR) and sequencing analyses revealed the
predominant reactivation of an HBV strain with
missence mutation (point mutation G-to-A at nucle-
otide 1896) in the precore regions, as well as point mu-
tations in the core promoter regions. Therefore, it is
important to note the risk of HBV reactivation, with
resulting lethal hepatic failure, in anti-HBc-positive
healthy individuals, even when they lack HBsAg, who
receive immunomodulating therapy.
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Introduction

It has generally been accepted that clearance of hepa-
titis B surface antigen (HBsAg) in hepatitis B virus
(HBV) carriers indicates recovery from viral infection.
However, recent studies have demonstrated that traces
of HBV infection are frequently detected many years
after clinical recovery from acute hepatitis.1–3 In addi-
tion, it was shown that HBV infection occurred in re-
cipients who acquired a liver graft from healthy donors
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failure caused by reactivation of HBV brought about by
the introduction of an immunocompromised condition.
Notably, he initially lacked any of the serological mark-
ers for viral antigen, or circulating viral genomes in
his sera, and he did not have a past history of liver
dyfunction. To investigate the characteristics of the
reactivated HBV strains, we employed a competi-
tive polymerase chain reaction (PCR) with specific
mutation-trapped oligonucleotide primers.

Case report

A 66-year-old man, who had been diagnosed as having
chronic B-cell leukemia in January 1997, was admitted
to our hospital in May 1997 for further treatment. On
admission, he showed normal liver function, as con-
firmed by blood chemistry, and lacked a family history
of liver disease; he had no prior history of liver dysfunc-
tion, blood transfusion, or intravenous drug abuse. The
clinical course of the patient after admission is shown in
Fig. 1. In September 1997, he began receiving chemo-
therapy with cyclophosphamide (750 mg/body � 1 day),
vincristine (1.5 mg/body � 1 day), and prednisolone
(60mg/body � 4 days) every 14 days, and this was con-
tinued for nearly 5 months (nine courses in total). In
March 1998, although he had no complaints, his blood
chemistry tests showed an elevated level of alanine
aminotransferase (ALT, 604U/l). Thirteen days later,

serum ALT had increased further, to 1566U/l, in asso-
ciation with elevated total bilirubin (8.6mg/dl) and a
reduction of the prothrombin time to 38%, showing
severe liver damage. Twenty-four days after the onset
of liver dysfunction, he died of hepatic failure, despite
having received intensive treatment. Liver histology
carried out at autopsy was consistent with acute hepa-
titis with massive necrosis.

At the first visit to our hospital in May 1997, he
was initially positive for anti-HBc, anti-HBs, and anti-
HBe, but negative for HBsAg, hepatitis B e antigen
(HBeAg), and anti-HBc shown in 200-fold dilution of
his sera. He had no hepatitis C virus or hepatitis delta
virus markers. With the progression of the leukemia, his
serological level of anti-HBs began to decrease gradu-
ally, and finally anti-HBs in sera disappeared after the
start of chemotherapy, which was accompanied by the
appearance of HBsAg in his sera. Although HBV DNA
was not detected in his sera by nested PCR8 at the first
visit to our hospital, it was detectable in September 1997
in association with the progression of leukemia (Fig. 1,
lower panel). Before the onset of liver dysfunction, he
had never received blood product transfusion, and he
lacked any other risk factors for viral transmission, as
evidenced by the absence of intravenous drug injection
or chance of sexual transmission during hospitalization.

To clarify the characteristics of the reactivated
viruses in this patient, the nucleotide sequences of viral
strains in the serum after HBV exacerbation were ana-

Fig. 1. Clinical course of leukemia
patient with reactivation of latently
infected hepatitis B virus (HBV).
Diagram shows serial levels of
alanine aminotransferase (closed
circles) and total bilirubin (open
squares). Serum HBV DNA was de-
tected using polymerase chain reac-
tion (PCR) with primers for the
precore region. Serum titers of anti-
body to hepatitis B surface antigen
(anti-HBs) were examined, using an
enzyme immunoassay kit with a posi-
tive finding defined as 5 mIU/ml or
greater (Dainabot, Tokyo, Japan).
The patient received chemotherapy,
including prednisolone (60mg/body
� 4 days) a total of nine times be-
tween September 1997 and February
1998. HBsAg, hepatitis B surface an-
tigen; HBeAg, hepatitis B e antigen;
anti-HBe, antibody to HBeAg; anti-
HBc, antibody to hepatitis B core
antigen
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lyzed. After amplification of HBV DNA by PCR, using
primer sets for the preC/C regions,8 the nucleotide
sequences of PCR products were determined directly,
using a Dye Terminator Cycle Sequencing Ready Reac-
tion Kit (Perkin Elmer Cetus, Norwalk, CT, USA).19

We found that this patient showed a dominant popula-
tion of the preC stop codon mutant strain, with
missence mutations from G-to-A at nucleotide (nt)
1896 in the preC region (nt position from the unique
EcoRI site), and A-to-T and G-to-A mutations at nt
1762 and 1764, respectively, in the core promoter re-
gion.20 The amounts of total HBV DNA and preC stop
codon mutants were then determined, using competi-
tive PCR with specific mutation-trapped oligonucle-
otide primers for the preC region (Otsuka Pharmacia,
Tokushima, Japan).21 It was found that, after HBV reac-
tivation, this patient had high preC mutant HBV DNA
titers (3 � 109 copies/ml), which were equal to the levels
of total HBV DNA in his sera. These results confirmed
the findings from direct sequencing that the preC defec-
tive mutant was the dominant population of circulating
HBV.

Discussion

In the natural course of chronic HBV infection, the
majority of HBsAg-positive carriers eventually lose
HBeAg in association with seroconversion to anti-HBe,
which is usually accompanied not only by reduction of
viral replication but also by remission of hepatitis.23

However, reactivation of HBV occasionally occurs in
such HBsAg-positive and anti-HBe-positive individuals
under certain immunosuppressive conditions, some-
times resulting in lethal hepatic failure.9–13 Several
recent studies have, however, demonstrated the reacti-
vation of HBV in HBsAg-negative and anti-HBc-
positive healthy individuals. Indeed, HBV reactivation
was documented in patients positive for anti-HBc but
negative for HBsAg after renal transplantation17,18

and after intensive chemotherapy.24 Confirming these
previous findings, we showed here the reactivation of
latently infected HBV in a leukemia patient who was
positive for anti-HBc and anti-HBs in the absence of
HBsAg under newly introduced immunocompromised
conditions.

Similar to the findings in the present patient, we pre-
viously reported an HBsAg-negative and anti-HBc-
positive patient with chronic myelocytic leukemia who
died of fulminant hepatic failure caused by HBV reacti-
vation after bone marrow transplantation.25 There was
no definite evidence, in either of our patients with leu-
kemia or in patients in other studies, to show whether
the HBV detected in their sera after deterioration of
liver function was derived from their own liver tissue,

because elucidation of the presence of HBV genomes in
their liver before its reactivation was not possible. How-
ever, it appears reasonable that our patients had had
reactivation of the dormant HBV in their liver, because
they lacked any risk factors for new HBV infection, as
evidenced by the absence of a history of blood product
treatment or drug abuse after the onset of leukemia.
The most important point to note is that they initially
had anti-HBc and anti-HBs, which was replaced by
HBsAg in their sera during the course of progression of
liver dysfunction. Recently, we demonstrated that the
majority of healthy individuals positive for anti-HBc,
which had been assumed to denote a past history of
transient HBV infection, were latently infected with the
episomal form of HBV, associated with ongoing viral
replication.8 Therefore, it is likely that these patients
with leukemia originally had had the latent HBV infec-
tion in their liver tissues before HBV exacerbation.

The majority of anti-HBc-positive and HBsAg-
negative individuals were shown to be predominantly
infected with wild-type strains without any mutations
in the preC and core promoter region,8 although only
a small amount of preC stop codon mutant of HBV was
also present in their liver tissues (our unpublished data).
Thus, it appears reasonable that both our present and
previous patients with leukemia25 had been infected
predominantly with wild-type HBV. However, in these
patients, the predominant reactivation of viral strains
with preC stop codon and core promoter mutations was
found in the course of lethal hepatic damage. These
findings are consistent with the findings in the patient
reported by Grotz et al.,18 who developed life-threaten-
ing liver failure after renal transplantation. Notably, the
HBV reactivation in these patients is in sharp contrast
to the findings on HBV reactivation in recipients of liver
transplantation. Indeed, we have demonstrated that all
recipients who received a liver graft from healthy
donors positive for anti-HBc but negative for HBsAg
either became asymptomatic carriers or developed
chronic hepatitis with positivity for HBeAg.7 The rea-
son for this distinct pattern of HBV reactivation and
clinical course in patients with leukemia and liver trans-
plant recipients is not known at present. However, this
distinct pattern may be due to the distinct immune re-
sponses to HBV caused by the different immunological
conditions of the hosts. Indeed, the leukemia patients
originally had antibodies to HBV, including anti-HBc,
anti-HBs, and anti-HBe, while none of the liver trans-
plant recipients possessed any immunity to HBV at the
time of HBV transmission.7 How and when the preC
mutant is reactivated, instead of the wild-type strain, in
patients with latent HBV infection should be further
examined in a future study.

In conclusion, it is very important to note the possible
risk of HBV reactivation in anti-HBc-positive individu-
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als, even when they lack HBsAg. In particular, special
attention should be paid to patients who receive certain
immunosuppressive therapies and those who have im-
munodeficiency diseases, such as leukemia and AIDS,
which may reduce the immunological pressure against
HBV.
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