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Abstract
Background & Aims

Individuals negative for hepatitis B surface antigen (HBsAg) but positive for antibodies to hep

among 44 healthy individuals that wéte:

Results

In 14 cases,
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reactivated HBV was significantly lower in patients with reactivation from occult HBV carrier status
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%%pmed with that in patients from HBsAg carrier status. The reactivated viruses in each case were
almost exclusively the wild-type G1896 or G1896A variant. The G1896A variant was detected in
42.9% (6/14) of cases, including two cases with fatal liver failure. The G1896 A variant was observed

in the liver tissue of 11.4% (5/44) of individuals with occult HBV infection.



Conclusions

Reactivation from occult HBV infection is characterized by low genetic heterogeneity, with the

wild-type G1896 or G1896A variant prevalent.

HBYV infection; ultra-deep sequencing



Introduction

Clinical features and pathophysiology of hepatitis B virus (HBV) infection are determined by

b
v

iral replication occurring in the liver [9, 10]. Subsequently, we encountered an

immunocompromised patients should undergo testing for HBsAg and anti-HBc before receiving
chemotherapy or immunosuppressive therapy; antiviral prophylaxis is recommended for HBV

carriers at the onset of chemotherapy or immunosuppression [12]. However, the detailed clinical



features and viral genetics of reactivation from occult HBV carrier status are not yet fully understood

because of the low incidence of viral reactivation in HBsAg-negative immunocompromised

individuals. For example, Hui et al examined the frequency of de novo HBV hepatitis among patie

malignancies under immunosuppressive conditions [13].

Various mutations in HBV genomes have importan

-[6], with most fatal cases predominantly containing G1896A pre-C variants [20]. There are an

estimated 3 billion individuals who are positive for anti-HBc worldwide, including 10% of the total

population in Europe, 15% in the United States, 20% in Japan, and more than 50% in highly endemic

areas such as China and Taiwan [21, 22]. However, little is known about the prevalence of HBV



infection with G1896A pre-C variants among occult HBV carriers, and how reactivation of G1896A

pre-C variants leads to fatal consequences.

We examined HBV reactivation in HBsAg-negative and -positive patients. To




Patients and Methods

Patients and Samples

for anti-HBc testing (220 patients with hematologic malignancies, 790 patientg? y

E
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and 367 patients with noncancerous diseases), prior to initiatio

o

nternational normalized ratio > 1.5) [24].

Serum samples were obtained at diagnosis of HBV reactivation as demonstrated by the

appearance of circulating HBsAg and HBV DNA under immunosuppressive conditions. Serological

HBYV markers, including HBsAg, antibodies to HBsAg, anti-HBc, hepatitis B e antigen (HBeAg) and



antibodies to HBeAg were measured by chemiluminescent enzyme immunoassay (CLEIA; Fuji

Rebio, Tokyo, Japan). Serum HBV DNA titer was analyzed using a commercial polymerase chain

PCR and Direct Population Sanger Sequencing

Ultra-Deep Sequencing of the HBV Genome

Sequencing Data Analysis



Statistical Analysis

These processes are described in Supplementary Material.




Results

Clinical Features and Outcomes of Reactivation from Occult HBV Infection after

Immunosuppression

ime between initiation of chemotherapy or immunosuppressive therapy and

i

ation in seven of the 14 cases occurred 9.5 months (median; range: 6.4-39.8 months) after
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termination of chemotherapy or immunosuppressive therapy, while the remaining seven cases

developed HBV reactivation during chemotherapy or immunosuppressive therapy. Median serum

alanine aminotransferase (ALT) levels and HBV DNA levels at the time of HBV reactivation were



652 TU/mL [range: 15-2028] and 6.6 log copies/mL [range: 5.0-9.0], respectively (Table 2).

All patients except case #5 were treated with entecavir (ETV) (0.5 mg, once daily) immediately

after diagnosis of HBV reactivation to suppress viral activity (Table 2). Representative clinic

ol
ration, and two cases (#13 and #14) that developed fatal ALF before complete

sappearance of HBsAg. When the latter two were diagnosed with HBV reactivation, liver function
héd already deteriorated (serum total bilirubin (T-bil) was 8.0 mg/dL for #13 and 2.3 mg/dL for #14)

and they died of liver failure 33 (#13) and 16 days (#14) after ETV administration.



Low Heterogeneity of the Reactivated Viruses in Patients with Reactivation from Occult HBV
Infection
To identify characteristics of viral clones related to HBV reactivation, we determine

entire virus genome sequence using ultra-deep sequencing. We first conducted a control.experiment

ean }:overage depth of 16,712 bp was achieved for each nucleotide site of HBV sequences (Table

v

3). The frequency of the overall mismatch mutations, which were nucleotides that did not match to
the reference sequences, was 0.015% (15/100,000).

To define the characteristics of the reactivated HBV clones, we compared these clones with



those derived from reactivated viruses in six cases originally positive for HBsAg who developed

viral exacerbation triggered by immunosuppressive therapy. There were no significant differences in

was also evaluated by calculating Shannon ent;gg&py;

v
from occult HBV and HBsAg carrier status (Fig. 2A, B and Supplementary Fig. 1).



Reactivated Viruses in Each Individual Consisted Almost Exclusively of the Wild-type G1896

or G1896A Variant

entropy value) and the levels of peak ALT and peak T-bil (Supplementary Fig. 2). The predominance

of A1762T and G1764A variants in the core-promoter region, which are known to be associated with

ALF [18, 25], was observed in only two cases (#9 and #11), and was not associated with the two



fatal ALF cases (Table 4).

To clarify the genomic similarity between the viral clones in the liver tissue before reactivation

and those in the serum after reactivation, we determined the sequences of HBV genomes inglr

1t. HBV carriers that did not experience immunosuppression. We examined the liver tissues of

HBsAg-negative but anti-HBc-positive healthy donors used for living-donor liver transplantation.

The HBV genome was detectable by PCR in the livers of most (44/45) of the healthy donors that

lacked circulating HBV DNA. Ultra-deep sequencing determined viral genome sequences with a



mean 20,503-fold coverage at each nucleotide site for each liver specimen. Sequencing revealed that

the viral clones comprised almost exclusively of the wild-type G1896 or G1896A pre-C variant in

the livers of occult HBV carriers. Around 11.4% (5/44) of cases had a dominant population of




Discussion

HBsAg positivity indicates the carrier status of HBV infection and thus reactivation of

red cyclosporine before the onset of HBV reactivation. Previously, we also reported a case of

lethal de novo HBV hepatitis induced by adalimumab treatment for rheumatoid arthritis [26]. Thus, it

is important to note that there is a risk of HBV reactivation in patients not only with hematological

malignancies but also with solid tumors or noncancerous diseases undergoing chemotherapy or



immunosuppressive therapy. In addition, it is very important to regularly monitor HBY DNA levels

to achieve the early administration of ETV before the onset of ALT elevation, however, the optimum

frequency of HBV DNA testing in occult HBV carriers is not yet defined. Recent Drospectivegs‘ﬁl

fatently infected livers of occult HBV carriers is characterized by low heterogeneity, and the

predominant viral clone increases in number under immunosuppressive conditions. The reason for

the difference in the degree of genetic heterogeneity in the exacerbated viruses between patients with



reactivation from occult infection and those with HBsAg carrier reactivation is unclear. One

possibility is that the low levels of viral heterogeneity observed in occult HBV carriers are due to the

relatively lower levels of viral replication compared with those of HBsAg carriers. Pollicinose

N

uals with occult HBV infection. Patients acutely infected

é1896A variant has increased replication activity compared with the wild-type strain in vitro [18,
29], but we found no significant association between the levels of circulating HBV DNA and the

ratios of wild-type/G1896A pre-C mutants in cases with reactivation from occult HBV infection. On



the other hand, it is well recognized that HBeAg/anti-HBe serostatus is closely associated with the

ratios of wild-type/G1896A pre-C mutants in patients with chronic HBV infection [30]. Interestingly,

development [31]. We must also pay attention to the genotype of HBV in cases with viral
reactivation. Among the 14 cases with reactivation from occult HBV infection; genotype B and C
strains were detected in five and nine patients, respectively. Argpn m, three of five cases were

negative for HBeAg but positive for anti-HBe (60%) in ge B and three of nine (33.3%) were

atological malignancies, solid tumors or noncancerous diseases. Occult HBV infection and the

resulting HBV reactivation is characterized by low genetic heterogeneity. It is unclear whether occult
HBYV carriers with the G1896A pre-C variant have an increased risk of developing HBV reactivation

and fatal ALF. Further analysis with a larger cohort of patients is required to clarify the frequency



