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Combination of hepatitis B viral antigens and DNA for
prediction of relapse after discontinuation of nucleos(t)ide
analogs in patients with chronic hepatitis B

Akihiro Matsumoto,' Eiji Tanaka," Yoshiyuki Suzuki,> Mariko Kobayashi,? Yasuhito Tanaka,*

Noboru Shinkai,* Shuhei Hige,® Hiroshi Yatsuhashi,® Shinya Nagaoka,® Kazuaki Chayama,’
Masataka Tsuge,’ Osamu Yokosuka,' Fumio Imazeki,'® Shuhei Nishiguchi,"" Masaki Saito,"

Kei Fujiwara,®> Nobuyuki Torii,> Naoki Hiramatsu,'? Yoshiyasu Karino’ and

Hiromitsu Kumada?

'Department of Medicine, Shinshu University School of Medicine, Matsumoto, *Department of Hepatology,
Toranomon Hospital, *Department of Internal Medicine and Gastroenterology, Tokyo Women’s Medical University,
Tokyo, “Department of Virology and Liver Unit, Nagoya City University Graduate School of Medical Sciences,
SGastroenterology Section, Nagoya Daini Red Cross Hospital, Nagoya, ®Department of Gastroenterology and
Hepatology, Graduate School of Medicine, Hokkaido University, ‘Department of Gastroenterology, Sapporo
Kosei General Hospital, Sapporo, The Clinical Research Center, NHO Nagasaki Medical Center, Omura, °Program
for Biomedical Research, Division of Frontier Medical Science, Department of Medicine and Molecular Science,
Graduate School of Biomedical Sciences, Hiroshima University, Hiroshima, °Department of Medicine and Clinical
Oncology, Graduate School of Medicine, Chiba University, Chiba, "'Division of Hepatobiliary and Pancreatic
Diseases, Department of Internal Medicine, Hyogo College of Medicine, Hyogo, and *Department of
Gastroenterology and Hepatology, Osaka University Graduate School of Medicine, Osaka, Japan

Aim: The factors associated with hepatitis recurrence after
discontinuation of nucleos(t)ide analogs (NAs) in patients with
chronic hepatitis B were analyzed to predict the risk of relapse
more accurately.

Methods: A total of 126 patients who discontinued NA
therapy were recruited retrospectively. The clinical conditions
of a successful discontinuation were set as alanine ami-
notransferase (ALT) below 30 1U/L and serum hepatitis B virus
(HBV) DNA below 4.0 log copies/mL.

Results: Relapse of hepatitis B were judged to occur when
maximal serum ALT became higher than 79 IU/L or when
maximal serum HBV DNA surpassed 5.7 log copies/mL follow-
ing NA discontinuation since these values corresponded with
mean values of ALT (30 1U/L) and HBV DNA (4.0 log copies/mL),
respectively. At least 90% of patients with either detectable
hepatitis B e antigen or serum HBV DNA higher than 3.0 log

copies/mL at the time of NA discontinuation relapsed within
one year. in the remaining patients, higher levels of both
hepatitis B surface and core-related antigens at the time of
discontinuation, as well as a shorter course of NA treatment,
were significantly associated with relapse by multivariate
analysis.

Conclusions: 1t appears that negative results for hepatitis B
e antigen and serum HBV DNA lower than 3.0 log copies/mL
are essential for successful NA discontinuation, which may be
attained by a longer treatment period. Levels of hepatitis B
surface and core-related antigens are also significant factors
independently associated with relapse of hepatitis.
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INTRODUCTION

EPATITIS B VIRUS (HBV) infection is a major

health concern that has an estimated 350 to 400
million carriers worldwide. Chronic infection with HBV
can cause chronic hepatitis, and may eventually develop
into liver cirthosis and hepatocellular carcinoma.'?
Over the last decade, major advances in the treatment of
chronic hepatitis B have been made with nucleos(t)ide
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analogs (NAs) such as lamivudine (LVD), adefovir
dipivoxil (ADV), and entecavir (ETV)." NAs are orally
administered and are associated with low rates of
adverse effects. Treatment with NAs shows strong sup-
pression of HBV replication and consequently rapid
improvement of elevated ALT levels. Furthermore, these
drugs have been reported to lower the risk of complicat-
ing cirrthosis and hepatocellular carcinoma,”” and so
NAs are becoming widely used to treat patients with
chronic hepatitis B. On the other hand, NAs carry
the risk of developing drug-resistance;® drug-resistant
viruses emerging during treatment may be associated
with hepatitis flare-ups. Hepatitis B patients are also
required to undergo prolonged treatment with NAs
because early discontinuance often leads to relapse of
hepatitis and ensuing hepatic failure following rises in
alanine aminotransferase (ALT) level >'°

Serum HBV DNA is normally used to monitor the
antiviral effect of NAs. HBV DNA decreases rapidly and
becomes undetectable in the majority of patients who are
treated with NAs,'!-** but relapse after discontinuation is
not rare."*"'” Since it is also true that favorable virological
and biochemical responses to NAs may continue indefi-
nitely in some patients,”’® reliable markers that can
predict relapse of hepatitis after NA discontinuation are
needed. Such markers would benefit not only patients
who are considering discontinuation of NA treatment,
but also clinicians, hospitals, and the medical economy.

In the present study, we assessed several factors asso-
ciated with relapse of hepatitis after discontinuation of
NAs in patients with chronic hepatitis B, including
hepatitis B viral antigens, which have been reported as
new and promising markers for monitoring the effect of
antiviral agents, such as interferon and NAs.

METHODS

Patients

TOTAL OF 126 patients with chronic hepatitis B

who underwent and completed NA treatment
between 2000 and 2010 were enrolled in this study.
Patients were recruited retrospectively from 11 hospitals
across Japan (Toranomon Hospital, Hokkaido Univer-
sity Hospital, Nagoya City University Hospital, Shinshu
University Hospital, Hiroshima University Hospital,
National Hospital Organization Nagasaki Medical
Center, Chiba University Hospital, The Hospital of
Hyogo College of Medicine, Japanese Red Cross Nagoya
Daini Hospital, and Tokyo Women's Medical University
Hospital, Sapporo Kosei General Hospital) and met the
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following conditions: (i) serum ALT higher than 30 IU/L
and serum HBV DNA higher than 4.0 log copies/mL
were observed at least twice within the 6 months prior
to administration of NAs; (ii) stored serum samples at
initiation and discontinuation of NAs were available for
measurements of viral markers; (iii) clinical outcomes
were followed for at least 6 months after the discontinu-
ation of NAs; and (iv) tests for hepatitis C and human
immunodeficiency virus antibodies were negative.
Hepatitis B surface antigen (HBsAg) was confirmed to be
positive on at least two occasions at least 6 months apart
in all patients before treatment. Patients complicated
with hepatocellular carcinoma or signs of hepatic failure
at treatment discontinuation were excluded from the
study. Our cohort consisted of 83 men and 43 women
with a median age of 46 (range, 19 to 79) years when
NA administration was discontinued. Hepatitis B e
antigen (HBeAg) was positive in 64 patients (51%) at
the initiation of treatment and in 24 patients (19%) at
its discontinuation. HBV genotype was A in two (2%)
patients, B in five (4%), C in 102 (81%), and undeter-
mined in 17 (13%). Thirty-five of the 126 patients in
this study were younger than 35 years old. Although not
recommended as the first line treatment for this group
by Japanese guidelines,'® NA treatment was commenced
since chronic active hepatitis had been persisting in all
cases irrespective of their HBeAg status (26 positive and
nine negative) at the initiation of treatment.

The decision to discontinue NAs was made by indi-
vidual physicians using similar, but not uniform, con-
ditions. Four patients who halted NAs for financial
reasons were included. No patient underwent interferon
treatment during or after NA treatment. The decision to
recommence NA administration was also made by indi-
vidual physicians, essentially when relapse of hepatitis
became obvious. With few exceptions, patients were
seen at least once a month during the first year after
discontinuation of NAs, and at least once every several
months afterwards. Stored serum samples were kept
frozen at —20°C or below until assayed. This study was
approved by the Ethics Committees of all participating
institutions.

Hepatitis B viral markers

Serological markers for HBV, including HBsAg, HBeAg,
and antibody to HBe (anti-HBe) were tested using com-
mercially available enzyme immunoassay kits (Abbott
Japan Co., Ltd, Tokyo, Japan; Fujirebio Inc., Tokyo,
Japan; and/or Sysmex Co., Kobe, Japan) at each hospi-
tal. Quantitative measurement of HBsAg" was done
using a chemiluminescence enzyme immunoassay
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(CLEIA)-based HISCL HBsAg assay manufactured by
Sysmex Corporation (Kobe, Japan). The assay had a
quantitative range of —1.5 to 3.3 log IU/mL. End titer
was determined by diluting samples with normal
human serum when initial results exceeded the upper
limit of the assay range.

Serum concentration of HBV DNA was determined
using an Amplicor HBV monitor kit (Roche, Tokyo,
Japan),” which had a quantitative range of 2.6 to 7.6 log
copies/mL. Serum HBV DNA was also determined using
a COBAS TagMan HBV kit (Roche, Tokyo, Japan)* with
a quantitative range of 2.1 to 9.0 log copies/mL in 43
patients whose serum samples were available at the time
of NA discontinuation. According to the manufacturer’s
instructions, detection of a positive signal below the
quantitative range was described as a positive signal,
and no signal detection was described as a negative
signal. Six HBV genotypes (A-F) were evaluated accord-
ing to the restriction patterns of DNA fragments from
the method reported by Mizokami et al.”

Serum hepatitis B core-related antigen (HBcrAg) levels
were measured using a CLEIA HBcrAg assay kit with a
fully automated Lumipulse System analyzer (Fujirebio
Inc., Tokyo, Japan) as described previously.?*?** Briefly,
150 uL of serum was incubated with pretreatment solu-
tion and then added to a ferrite microparticle suspen-
sion in an assay cartridge. Ferrite particles were coated
with a monoclonal antibody mixture against denatured
HBcAg, HBeAg, and the 22 kDa precore protein. After
incubation and washing, further incubation was carried
out with alkaline phosphatase conjugated with two
kinds of monoclonal antibodies against denatured
HBcAg, HBeAg, and the 22 kDa precore protein. Follow-
ing washing, a substrate solution was added to the test
cartridge and then incubated. The relative chemilumi-
nescence intensity was measured, and HBcrAg concen-
tration was calculated by a standard curve generated
using recombinant pro-HBeAg. The immunoreactivity
of pro-HBeAg at 10 fg/mL was defined as 1 U/mL. We
expressed HBcrAg in terms of log U/mL, with a quanti-
tative range set at 3.0 to 6.8 log U/mL.

Statistical analyses

A linear regression model was used to examine for asso-
ciations between mean and maximal values of both ALT
and HBV DNA. Correlations between variables were cal-
culated using the Spearman’s rank correction correlation
coefficient test. Each cut-off value was decided using
receiver operating characteristic curve (ROC) analysis
and results were evaluated by measuring the area under
the curve (AUC). The Fisher's exact and Pearson's y? tests
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were adopted to test for differences between subgroups
of patients. To compare continuous data, the Mann-
Whitney U-test was used. The Kaplan-Meier method
was used to estimate rates of non-relapse observations,
and the log-rank test was used to test hypotheses con-
cerning differences in non-relapse observations between
selected groups. Multivariate analyses were performed
using the Cox regression model. Variables associated
with a P-value<0.2 in univariate analyses were
included in a stepwise Cox regression analysis to iden-
tify independent factors associated with relapse of
hepatitis after discontinuation of NAs. All tests were
performed using the IBM SPSS Statistics Desktop for
Japan ver. 19.0 (IBM Japan Inc., Tokyo, Japan). P-values
of less than 0.05 were considered to be statistically
significant.

RESULTS

Definition of hepatitis relapse after
discontinuation of NAs

HE CLINICAL CONDITIONS of a successful discon-

tinuation of NAs were set at serum HBV DNA below
4.0 log copies/mL and ALT below 30 IU/L according to
the Japanese guidelines for the treatment of hepatitis
B.'® However, these criteria could not be directly applied
to our cohort as post-therapy fluctuations in ALT and
HBV DNA were difficult to evaluate consistently. In
total, 26 (76%) of 34 patients with successful discon-
tinuation of NAs showed transient abnormal levels of
ALT and/or HBV DNA, especially during the early phase
after cessation. We therefore used mean and maximal
values of these markers to evaluate relapse of hepatitis B
in this study; mean values were used to evaluate relapse
of hepatitis as a whole, and maximal values were used to
dynamically assess relapse during the follow-up period
after NA discontinuation. Both ALT and HBV DNA were
measured 11.0 times per year on average during the first
year and 4.1 times per year on average thereafter.

The mean values of HBV DNA were significantly
(P < 0.001) correlated with maximal values with a cor-
relation coefficient of 0.853. Similarly, the mean values
of ALT were significantly (P<0.001) correlated with
maximal values with a correlation coefficient of 0.940
(Fig. 1). The mean HBV DNA value of 4.0 log copies/mL
corresponded to a maximal HBV DNA value of 5.7 by
ROC analysis (AUC=0.930, P<0.001), and the mean
ALT value of 30 IU/L corresponded to a maximal ALT
value of 79 IU/L (AUC = 0.988, P < 0.001). These results
suggested that patients having serum HBV DNA higher
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Figure 1 Correlation between maximal and mean levels of
alanine aminotransferase (ALT) (a) and hepatitis B virus
(HBV) DNA (b) after discontinuation of nucleos(t)ide analogs
(NAs). Open circles indicate patients with detectable hepatitis
B e antigen (HBeAg) and closed squares indicate patients
without detectable HBeAg.

than 5.7 log copies/mL during the follow-up period
after NA discontinuation were not likely to achieve the
HBV DNA criterion of a successful discontinuation of
below 4.0 log copies/mL. Similarly, it could be inferred
that patients reaching ALT levels higher than 79 IU/L
would also not likely achieve the ALT criterion of a
successful discontinuation of below 30 IU/L.

Based on our findings, we judged that a relapse of
hepatitis B occurred when serum ALT exceeded 79 IU/L
or when serum HBV DNA exceeded 5.7 log copies/mL
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following NA discontinuation. Accordingly, 92 (73%)
of the 126 patients enrolled in the present study showed
a relapse. We set the follow-up period as discontinua-
tion to relapse for relapse patients and as discontinua-
tion to the last recorded examination for patients
without relapse. Whereas re-administration of NAs due
to relapse was commenced in 70% of relapse patients in
the follow-up period, none was performed in non-
relapse patients during that time.

Elimination of cases likely to show relapse
of hepatitis

As it is generally believed that patients who are positive
for HBeAg and/or have a higher level of HBV DNA at
discontinuation of NAs are likely to relapse, these
factors were assessed first. The progression of analyses in
the present study and the population structure of each
analysis are shown in Figure 2.

The non-relapse rate was compared using the Kaplan-
Meier method between 31 patients with HBV DNA
equal to or higher than 3.0 log copies/mL and 95
patients with levels lower than 3.0 log copies/mL when
NAs were discontinued (Fig. 3). The revised cut-off
value of 3.0 log copies/mL was determined by ROC
analysis (AUC =0.709, P < 0.001). Thirty (97%) of 31
patients with HBV DNA equal to or higher than 3.0 log
copies/mL relapsed within one year of discontinuation.
On the other hand, approximately 30% of patients with
levels lower than 3.0 log copies/mL showed prolonged
non-relapse. Thus, the 31 patients with high HBV DNA
at the time of discontinuation were eliminated from the
following analyses.

In the remaining 95 patients, the non-relapse rate was
compared using the Kaplan-Meier method between 10
patients with detectable HBeAg and 85 patients without
HBeAg when NAs were discontinued (Fig. 4). Ninety
percent of patients with HBeAg experienced relapse
within one year, which was significantly (P = 0.005)
higher than in cases without HBeAg. In patients without
HBeAg, the non-relapse rate decreased rapidly during
the first year to approximately 45%, and then decreased
relatively slowly over the following 3 years to nearly
30%. It is noteworthy that this subgroup did not relapse
afterwards. Since the relapse rate was high among
patients with detectable HBeAg, they were excluded
from the following analyses as well.

Factors associated with relapse of hepatitis
after discontinuation of NAs

Additional factors associated with relapse of hepatitis
were analyzed in the remaining 85 patients who were
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Total patients (n = 126)

!
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| 1. Elimination of patients who were likely to relapse using HBV DNA levels (n = 126, Fig. 3) |

v

-===3% Patients with HBV DNA > 3.0 log copies/mL at discontinuation (n = 31)

l 2. Elimination of patients who were likely to relapse using HBeAg positivity (n = 95, Fig. 4) |

===>» Patients positive for HBeAg at discontinuation (n = 10)

Figure 2 The progression of analyses in
the present study and population struc-
ture of each analysis.

3. Analysis of additional factors in the remaining patients who had HBV DNA < 3.0 log
copies/ml and were HBeAg-negative at discontinuation (n = 85, Tables 1 and 2)

4. Model for predicting relapse of hepatitis (n = 85, Fig. 5 and 6)

both negative for HBeAg and whose serum HBV DNA
was lower than 3.0 log copies/mL at NA cessation.
Table 1 shows the comparison of clinical and virological
backgrounds between the 53 relapse and 32 non-relapse
patients using univariate analysis. Age and gender dis-
tributions were similar between the groups. Approxi-
mately 75% of the 85 patients had HBV genotype C, but
the distribution of genotypes did not differ between the
groups. Approximately 90% of patients were being
treated with LVD alone at the time of discontinuation,
compared with 6% of patients being given ETV. The
median duration of NA treatment was about two times
longer in patients without relapse. Levels of both HBsAg
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Figure 3 Comparison of non-relapse rates using the Kaplan-
Meier method between 31 patients with serum hepatitis B virus
(HBV) DNA equal to or higher than 3.0 log copies/mL and 95
patients with serum HBV DNA lower than 3.0 log copies/mL at
the time of nucleos(t)ide analog (NA) discontinuation.

and HBcrAg were significantly lower in non-relapse
patients than in relapse patients at the time of NA dis-
continuation. The difference between serum HBsAg was
also significant at the initiation of NAs, but not that of
HBcrAg. As only patients with HBV DNA lower than 3.0
log copies/mL were analyzed, the majority of these cases
showed levels below the 2.6 log copies/mL lower detec-
tion limit of the Amplicor assay at NA discontinuation.
We therefore also tested HBV DNA with a TagMan assay,
which had a higher sensitivity than the Amplicor assay,
in 43 patients whose serum samples were available. The
prevalence of patients having a negative detection signal
did not differ between the two groups. The number of
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Figure 4 Comparison of non-relapse rates using the Kaplan-

Meier method between 10 patients with detectable hepatitis B

e antigen (HBeAg) and 85 patients without detectable HBeAg
at the time of nucleos(t)ide analog (NA) discontinuation.
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Table 1 Comparison of clinical and virological backgrounds between patients with and without relapse of hepatitis at initiation

and discontinuation of nucleos(t)ide analogs (NAs)

Background Non-relapse patients Relapse patients P-value
(n=32) (n=53)
At initiation of NAs
Age (years)t 47 (17-75) 48 (26-74) >0.2
Gender (M : F) 239 32:21 >0.2
ALT (IU/L)+ 183 (9-1182) 187 (20-2052) >0.2
Genotype (A:B: C:UD) 1:2:21:8 0:3:44:6 0.193
HBeAg (positive) 11 (34%) 16 (30%) >0.2
HBV DNA
Amplicor assay (log copies/mL)t 6.2 (<2.6->7.6) 6.5 (<2.6->7.6) 0.099
HBsAg (log TU/mL)+ 2.7 (0.1-4.3) 3.3 (1.6-3.9) 0.018
HBcrAg (log U/mL)t 5.2 (<3.0->6.8) 5.6 (<3.0->6.8) >0.2
At discontinuation of NAs
Age (years)t 50 (21-78) 49 (26-79) >0.2
NAs (LVD : LVD+ADV : ETV : ADV) 28:1:3:0 50:0:2:1 >0.2
Duration of NA treatment (months)t 36 (4-129) 17 (4-84) 0.007
Follow-up period after discontinuation of NAs (months)+ 45 (6-123) 12 (1-111) 0.002
ALT (IU/L)+ 16 (7-38) 20 (9-65) 0.002
HBV DNA
Amplicor assay (log copies/mL)*t <2.6 (<2.6-2.9) <2.6 (<2.6-2.9) >0.2
TagMan assay (negative signal)# 5 (23%) 3 (14%) >0.2
(n=22) (n=21)
TagMan assay (negative or positive signal)#$ 13 (59%) 13 (62%) >0.2
(n=22) (n=21)
HBsAg (log IU/ml)+ 2.0 (<-1.5-4.3) 3.1 (0.6-4.0) 0.001
HBcrAg (log IU/mL)+ 3.4 (<3.0-4.9) 4.3 (<3.0->6.8) 0.003

tData are expressed as the median (range)
$Data are expressed as a positive number (%)

ADV; adefovir dipivoxil; ALT, alanine aminotransferase; ETV, entecavir; HBcrAg, hepatitis B core-related antigen; HBeAg, hepatitis B e
antigen; HBsAg, hepatitis B surface antigen; LVD, lamivudine; UD, undetermined.

patients with a negative detection signal or a positive
signal also did not vary significantly. The follow-up
period after discontinuation of NAs was significantly
shorter in patients with relapse than in those without
because formal follow-up ended once patients relapsed.
The median period of follow-up was 45 months in
patients without relapse.

Multivariate analyses revealed that a shorter duration
of NA treatment and higher levels of HBsAg and HBcrAg
at discontinuation were significantly associated with the
occurrence of hepatitis relapse (Table 2). The cut-off

values that showed the highest significance by ROC
analysis were 1.9 log IU/mL for HBsAg (AUC =0.707,
P=0.001), 4.0 log U/mL for HBcrAg (AUC=0.692,
P=0.003), and 16 months (AUC=0.674, P=0.007)
for treatment duration.

Model for predicting relapse of hepatitis
using levels of HBsAg and HBcrAg

The existence of a second cut-off value was suggested by
ROC analysis for both of HBsAg (2.9 log IU/mL) and
HBcrAg (3.0 log IU/mL) to discriminate between

Table 2 Multivariate analysis of factors associated with relapse of hepatitis after discontinuation of nucleos(t)ide analogs (NAs)

Factor Hazard ratio 95%Cl P-value
HBsAg at discontinuation 2 1.9 log IU/mL 521 1.87-14.55 0.002
HBcrAg at discontinuation 2 4.0 log U/mL 2.20 1.25-3.87 0.006
Duration of NA treatment = 16 months 0.54 0.31-0.93 0.027

CI, confidence interval; HBcrAg, hepatitis B core-related antigen; HBsAg, hepatitis B surface antigen.
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patients with and without relapse (Fig. 5). Thus, we set
cut-off values as 1.9 and 2.9 log IU/mL for HBsAg and
3.0 and 4.0 log U/mL for HBcrAg in our model for
predicting hepatitis relapse.

We tentatively defined three groups using the sum of
the scores for HBsAg and HBcrAg levels at the time of
NA discontinuation for our model. Conversions were
made by assigning a score of 0 for an HBsAg level lower
than 1.9 log IU/mL, 1 for a level from 1.9 to 2.8 log
IU/mL, and 2 for a level equal to or higher than 2.9 log
IU/mL. HBcrAg was scored as O for a level lower than 3.0
log U/mL, 1 for a level from 3.0 to 3.9 log U/mL, and 2
for a level equal to or higher than 4.0 log U/mL. Overall,
group 1 consisted of patients with a total score of 0,
group 2 of patients with a total score of 1 or 2, and
group 3 of patients with a total score of 3 or 4.

Patients whose HBV DNA was lower than 3.0 log
copies/mL and in whom HBeAg was negative at the time
of NA discontinuation were assigned to one of the three
groups. Figure 6 shows the comparison of non-relapse
rates among the three groups using Kaplan-Meier analy-
sis, which differed significantly. The non-relapse rate
was approximately 90% in group 1, as low as 10% in

1-specificity

HBcrAg (log U/mL.)

group 3, and intermediate in group 2. When factors
associated with relapse were analyzed in group 3
patients, an age of over 40 years at the time of discon-
tinuation was calculated as a significant factor (hazard
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Figure 6 Comparison of non-relapse rates using the Kaplan-
Meier method among three groups classified by the sum of the

scores of hepatitis B surface antigen (HBsAg) and hepatitis B
core-related antigen (HBcrAg) levels at the time of nucleo-
s(t)ide analog (NA) discontinuation.
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ratio = 5.25, range 2.37-11.65, P<0.001). No signifi-
cant factors were associated with relapse in group 2
patients.

DISCUSSION

HE EUROPEAN ASSOCIATION for the Study of the

Liver recommends continuation of NA treatment
until HBsAg is cleared.” Liu etal. came to a similar
conclusion in their study of chronic hepatitis B patients
treated with LVD." Indeed, the clearance of HBsAg is a
reliable marker for the safe discontinuation of NAs, but
the rate of patients who can clear HBsAg is relatively
low (1-3%]/year).>**® Thus, additional factors associ-
ated with relapse of hepatitis B after discontinuation of
NAs were analyzed in the present study to better identify
candidates who could achieve drug-free status. Such
studies are relatively few, possibly because patients who
discontinue NAs prematurely often experience severe
complicating relapse and hepatic failure.” Although pro-
spective studies are desirable to obtain accurate results,
retrospective studies, such as ours, are also necessary to
minimize the risk of adverse complications.

Since HBV cannot be completely eradicated in hosts,
the primary goal in treating chronic hepatitis B is to
convert symptomatic patients into inactive carriers in
whom HBeAg is negative (usually anti-HBe-positive),
serum HBV DNA is low, and serum ALT is normal.>1%?°
Thus, we set the clinical conditions of a successful dis-
continuation of NAs as serum HBV DNA level below 4.0
log copies/mL and ALT below 30 IU/L following NA
cessation. Patients who satisfy these conditions are not
recommended for treatment by the Japanese guidelines
for hepatitis B,'® and it is also widely accepted that the
risk of developing cirrhosis or complicating hepatocel-
lular carcinoma is very low in such patients.***! We used
our cohort’s mean and maximal values of HBV DNA
and ALT for relapse analyses. Mean values were useful
for evaluating relapse of hepatitis as a whole since
parameter levels often fluctuated after discontinuation,
and maximal values were used to evaluate relapse in a
real-time fashion during the follow-up period. It is note-
worthy that the mean and maximal values correlated
very closely for both HBV DNA and ALT. The mean HBV
DNA value of 4.0 log copies/mL coiresponded to the
maximal HBV DNA value of 5.7 by ROC analysis, and
similarly the mean ALT value of 30 IU/L corresponded
to the maximal ALT value of 79 IU/L. Thus, relapse of
hepatitis B was judged to occur when serum ALT became
higher than 79 IU/L or when serum HBV DNA sur-
passed 5.7 log copies/mL after the time of NA discon-

© 2011 The Japan Society of Hepatology
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tinuation. Such criteria may also be useful for physicians
to detect relapse at an early phase and avoid the occur-
rence of severe reactivation or unnecessary discontinua-
tion of NAs.

It is generally understood that patients with a higher
level of HBV DNA at the time of NA discontinuation are
likely to relapse, but this cut-off value has not been
analyzed sufficiently. Our findings using ROC analysis
showed that patients with levels lower than 3.0 log
copies/mL have a good possibility to achieve successful
discontinuation. The presence of HBeAg is also gener-
ally accepted as a reliable factor to predict relapse of
hepatitis. Our study showed that patients with detect-
able HBeAg at the time of NA discontinuation were
likely to relapse, even if their HBV DNA levels were
lower than 3.0 log copies/mL. Therefore, we next ana-
lyzed additional factors associated with a relapse of
hepatitis after discontinuation of NAs by selecting
patients who met both of these criteria.

Nucleos(t)ide analog treatment produces a rapid
decrease in serum HBV DNA by suppressing reverse
transcription of pregenomic HBV RNA. However,
the key intrahepatic HBV replicative intermediate,
covalently closed circular DNA (cccDNA), tends to
remain and is capable of reinitiating replication once
NAs are ceased.** Measurement of HBV cccDNA has
been reported to be useful for monitoring and predict-
ing responses to antiviral treatments.*> However, its
measurement is difficult in the clinical setting as it
requires a liver biopsy. Due to the mechanism of action
of NAs mentioned above, serum HBV DNA does not
reflect intrahepatic HBV cccDNA in patients undergoing
NA treatment.** To address this, quantitative measure-
ment of HBV antigens has been reported to be useful for
predicting the effect of antiviral treatment in patients
with chronic hepatitis B. Although HBsAg is usually
used as a serum marker for the diagnosis of HBV infec-
tion, several groups have shown that HBsAg levels can
also be reflective of the response to peg-interferon in
chronic hepatitis B.#*2¢ The HBcrAg assay measures
serum levels of HB core and e antigens simultaneously
using monoclonal antibodies that recognize the
common epitopes of these two denatured antigens.
Since the assay measures all antigens transcribed from
the pre-core/core gene, it is regarded as core-related.”
Serum HBcrAg has been reported to accurately reflect
intracellular levels of HBV cccDNA even during NA
treatment,*****® and was found to be useful for identi-
fying patients who were likely to show relapse of hepa-
titis after the discontinuation of NAs.>**° It is possible
that levels of HBsAg and HBcrAg have different roles in
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monitoring antiviral effects because the transcription of
these two antigens are regulated by alternative enhancer-
promoter systems in the HBV genome.’ Therefore, we
analyzed both of these antigens to elucidate their ability
to predict relapse of hepatitis after discontinuation of
NAs.

Multivariate analysis demonstrated that levels of
HBsAg and HBcrAg at the time of NA discontinuation
were independent factors significantly associated with
relapse of hepatitis. Thus, we believe these factors can
also be applied for predicting relapse in patients whose
HBV DNA is lower than 3.0 log copies/mL and whose
HBeAg is negative at NA discontinuation. HBV DNA
levels were further analyzed using a highly sensitive
assay based on real-time polymerase chain reaction
(PCR). However, even the level of a negative signal
did not ensure successful discontinuation of NAs. The
results obtained here indicate that the combined use of
HBV-related antigens are useful makers for monitoring
the effect of anti-viral treatment in ways different from
HBV DNA. Finally, since prolonged NA administration
was also a significant factor associated with safe discon-
tinuation, physicians are advised to continue patient
treatment for at least 16 months for the best possible
outcome.

From our data, a tentative model for predicting
relapse of hepatitis after discontinuation of NAs was
constructed using levels of HBsAg and HBcrAg at dis-
continuation. A negative result for HBeAg and HBV
DNA lower than 3.0 log copies/mL at the time of NA
discontinuation are the essential conditions in this
system. Levels of HBsAg and HBcrAg were each con-
verted into scores from 0 to 2 partly because two cut-off
values were needed for each antigen and partly because
a scoring system may be more convenient for clinical
use. The sum of the two scores, which ranged from 0 to
4, was used to prospect relapse. We found that group 1
patients who had a low score (0) could be recom-
mended to discontinue NAs because nearly 90% of
this group achieved successful discontinuation. Further
analysis of factors associated with relapse are needed for
group 2 patients who had middle range scores (1 or 2),
since the odds of achieving successful discontinuation
were approximately 50%. Continuation of NA treat-
ment is recommended for group 3 patients having high
scores (3 or 4) because nearly 90% of this group
relapsed. However, this recommendation may be recon-
sidered in patients younger than 40 years; such cases
tended to have a lower relapse rate in group 3. It is also
noteworthy that relapse occurred mainly during the first
and second years following NA discontinuation in
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all groups, similarly to a report by Liu et al.** Thus,
clinicians should be vigilant in the early phase after
discontinuation.

This study has several limitations. The patients who
discontinued NAs were recruited retrospectively, and
thus the decision to halt NA treatment was made by
individual physicians without uniformly established cri-
teria. Based on this, prospective studies are required to
confirm our results. Furthermore, as over 90% of the
patients we enrolled had genotype C and over 90% of
cases were treated with LVD until discontinuation, the
results obtained here can not be applied directly to other
HBV genotypes or other types of NAs.

In conclusion, the present study showed that maximal
levels of serum ALT and HBV DNA were useful for defin-
ing relapse patients after discontinuation of NAs. Along
with serum HBV DNA of less than 3.0 log copies/mL
and negative serum HBeAg, serum levels of HBsAg and
HBcrAg at the time of NA discontinuation were able to
predict relapse of hepatitis B and should therefore
be considered when establishing uniform guidelines
regarding the safe withdrawal of NA treatment. To this
end, NA administration of more than 16 months is
advisable to achieve successful discontinuation.
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Significant background rates of HBV and HCV infections in
patients and risks of blood transfusion from donors with low
anti-HBc titres or high anti-HBc titres with high anti-HBs
titres in Japan: a prospective, individual NAT study of
transfusion-transmitted HBV, HCV and HIV infections
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Background The Japanese Red Cross (JRC) conducted a prospective study to eval-
uate the frequency of transfusion-transmitted HBV, HCV and HIV infections to
assess the risk of transfusion of blood components routinely supplied to hospitals.

Study Design and Methods Post-transfusion specimens from patients at eight
medical institutes were examined for evidence of infection with HBV (2139 cases),
HCV (2091) and HIV (2040) using individual nucleic acid amplification testing
(NAT). If these specimens were reactive, pre-transfusion specimens were also exam-
ined for the virus concerned by individual NAT. In the event that the pre-transfu-
sion specimen was non-reactive, then all repository specimens from implicated
donors were tested for the viruses by individual donation NAT. In addition, a further
study was carried out to evaluate the risk of transfusion of components from donors
with low anti-HBc titres or high anti-HBc with high anti-HBs titres.

Results Transfusion-transmitted HCV and HIV infections were not observed. One
case of post-transfusion HBV infection was identified (rate, 0-0004675; 95% CI for
the risk of transmission, 1 in 451-41 841). The background rates of HBV, HCV and
HIV infections in patients prior to transfusion were 3-4% (72/2139), 7-2%
(150/2091) and 0% (0/2040), respectively. Sixty-four anti-HBc- and/or anti-
HBs-reactive blood components were transfused to 52 patients non-reactive for
anti-HBc or anti-HBs before and after transfusion (rate, 0; 95% CI for the risk of
transmission, <1 in 22).

Conclusion This study demonstrated that the current criteria employed by JRC
have a low risk, but the background rates of HBV and HCV infections in Japanese
patients are significant.
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Introduction

In Japan, all blood components are collected from non-
remunerated voluntary donors by the Japanese Red Cross
(JRC). Subsequently, the components are screened by
serological testing for syphilis, HBV, HCV, HIV, HTLV-1
and human parvovirus B19, and serologically non-reac-
tive components (the criteria to determine the suitability
of blood for supply, which are based on infectious mark-
ers, are shown in Table 1) are then subjected to nucleic
acid amplification testing (NAT) for HBV DNA, HCV RNA,
and HIV-1 RNA in a mini-pool (MP) using an automated
multiplex assay system (AMPLINAT MPX; Roche Diag-
nostics) that can amplify these three viruses simulta-
neously [1]. When all the above-mentioned tests are
non-reactive, the blood components are supplied to hos-
pitals. An important point is that unlike some other coun-
tries [2], blood components from donors non-reactive for
HBsAg and HBV DNA but reactive for anti-HBc titres of
<1:32 or anti-HBc titres of 21:32 with anti-HBs
>200 mIU/ml are considered suitable for transfusion in
Japan on the basis of a study of the correlation between
anti-HBc titres and HBV DNA levels in blood units with-
out detectable HBsAg [3, 4].

Since the introduction of the automated NAT multiplex
assay system by the JRC in October 1999, the risk of trans-
mission of HBV, HIV and HCV via transfusion has reduced
significantly in Japan [5, 6]. However, several cases of
transfusion-transmitted viral infections, especially of HBV,
continue to occur each year [7]. This is partly because the

Table 1 Criteria for infectious and other markers

doubling time of HBV is longer than that of HCV or HIV
[8, 91, and thus, the NAT window period is also longer. The
other reason is that occult HBV-infected donors [3] with
low anti-HBc titres and low levels of HBV DNA that are not
detected by MP-NAT may not be identified [10].

In this study, we randomly selected five JRC blood cen-
tres (Hokkaido, Iwate, Osaka, Ehime, and Fukuoka) and
eight hospitals within the jurisdiction of these centres and
prospectively investigated the risk involved in routine
blood transfusion to patients in these hospitals. In addition,
we also examined the safety of blood transfusion from
anti-HBc-positive donors with anti-HBc titres of <1:32 or
anti-HBc titres of >21:32 with anti-HBs 2200 mIU/ml.

Materials and methods

Serological tests on donated blood

All donated blood samples were serologically screened as
shown in Table 1.

NAT

The NAT screening system used in Japan has been reported
previously by Mine ef al [12]. In brief, NAT screening is
performed using a multiplex system capable of simulta-
neous detection of HBV DNA, HCV RNA and HIV-1 RNA to
reduce the cost and ensure that the test is completed within
72 h. Samples are tested in MPs of 50 with the ability to
detect 185-550 IU/ml for HBV, 3050-5600 IU/ml for HCV

Serological tests

Pathogens Contents Methods Criteria
Syphilis Serodiagnosis Treponema pallidum particle agglutination (TPPA)? Non-reactive
HIV Anti-HIV-1/2 Agglutination of gelatin particles coated with recombinant HIV-1/2 proteins® Non-reactive
HCv Anti-HCV Passive hemagglutination (PHA®) or particle agglutination (PA?) Non-reactive
HBV HBsAg Reverse passive hemagglutination (RPHAS) Non-reactive
Anti-HBs PHA® -
Anti-HBc Haemagglutination inhibition (HI°)
HTLV-1 Anti-HTLV-1 PA? Non-reactive
B19 Anti-B19 Receptor-mediated hemagglutination (RHA®)
Others Serum ALT Method of Wroblewski and LaDue (11) <60 1U/ml

2Fujirebio Inc., Tokyo, Japan.
®Dainabot Co. Ltd., Tokyo, Japan.
“Reagents prepared by JRC.

9Blood units with the following profile were excluded from being transfused: 1. Specimen reactive for HBsAg on RPHA, with the result subsequently con-
firmed by enzyme immune assay (EIA). 2. Specimen reactive for anti-HBc at a dilution of 1:32 or higher on Hl and in which anti-HBs is either absent or at a

level of not more than 200 miU/ml.
°RHA using reagents prepared by JRC.
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and 1650-3300 IU/ml for HIV in donations contained
within the pool.

In this study, HBV DNA, HCV RNA and HIV-1 RNA from
patients were individually tested using the modified meth-
ods of lizuka et al. [4], Okamoto ef al. [13] and Matsumoto
et al. [14], respectively, at the JRC NAT centres in Hokkaido
and Kyoto. The analytical sensitivity cut-off of ID-NAT was
3-7-11 IU/ml for HBV, 61-112 IU/ml for HCV and 33-66
IU/ml for HIV [1].

Criteria for blood transfusion

The serological test criteria for the release of blood dona-
tions in Japan are shown in Table 1. Donations must also
be non-reactive for HBV DNA, HCV RNA and HIV RNA on
50-MP-NAT.

Study design

Informed consent was obtained from each patient before
transfusion between November 2003 and December 2006 at
eight hospitals [Asahikawa Medical College Hospital (Hok-
kaido); Iwate Medical University Hospital (Iwate); Osaka
City University Hospital, Osaka City General Hospital,
Osaka Red Cross Hospital (Osaka); National Hospital Orga-
nization Shikoku Cancer Center, Ehime Red Cross Hospital
(Ehime); and Fukuoka University Hospital (Fukuoka)]. In
total, 2139 patients who survived 3 months after

transfusion (approximately 40% of patients died of their
original disease or complications within 3 months) were
enrolled in this study. Their pre-transfusion blood speci-
mens had been collected and cryopreserved in these hospi-
tals (Fig. 1).

Approximately 3 months after blood transfusion, post-
transfusion specimens were collected from the patients and
individually tested for HBV DNA, HCV RNA and HIV-1
RNA at the JRC NAT centres. In the case of neonates and
elderly patients, when the specimen volume was insuffi-
cient to perform NAT for all the three viruses, the priority
of examination was HBV DNA >HCV RNA >HIV-1 RNA.

If the post-transfusion specimen was non-reactive for
all the three viruses, the study was terminated for the
patient concerned. However, if the specimen was reac-
tive, the patient’s cryopreserved pre-transfusion specimen
was tested for the virus concerned by NAT. If the pre-
transfusion specimen was reactive, it was concluded that
the patient was infected before transfusion. However, if
the pre-transfusion specimen was non-reactive, all repos-
itory specimens from the implicated donors, which were
drawn at the time of blood donation and cryopreserved
at the JRC NAT centres, were also tested for the virus
concerned by ID-NAT, as reported by Satake ef al. [15].
If these specimens were non-reactive and the case was
restricted to HBV, the remaining pre-transfusion speci-
men of the patient was serologically tested for anti-HBc,
anti-HBs and/or HBsAg using an enzyme immunoassay

months

from donors

w &

L @
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(=3
Vé‘ NAT (priority)
2 HBV DNA (1)
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@ poguory sp )  concerned by NAT HIV RNA (3)
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Fig. 1 Study design. Step 1: After obtaining informed consent from patients, pre-transfusion specimens were collected and cryopreserved. Step 2: Approxi-
mately 3 months after blood transfusion, post-transfusion specimens were collected from the patients at the eight hospitals and individually tested for
HBV DNA, HCV RNA and HIV-1 RNA at the JRC nucleic acid amplification testing (NAT) centres. Step 3: If the post-transfusion specimen was reactive, the
patient's pre-transfusion specimen was tested for the virus concerned by NAT. Step 4: If the pre-transfusion specimen was non-reactive (this was restricted
to HBV alone), all repository specimens from the donors concerned were also tested for HBV DNA by ID-NAT. If these specimens were non-reactive, the
remaining pre-transfusion specimen of the patient was then serologically tested for anti-HBc, anti-HBs and/or HBsAg.

© 2011 The Author(s)
Vox Sanguinis © 2011 International Society of Blood Transfusion
Vor Sanguinis (2012) 102, 285-293
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(EIA) system in addition to the methods shown in
Table 1.

Assessing the risk of blood transfusion from donors
with low anti-HBc titres or high anti-HBc titres
with high anti-HBs titres

We randomly selected 247 patients at the Osaka City Uni-
versity Hospital whose post-transfusion specimens were
non-reactive for all the three viruses on NAT and 1009
blood components were transfused to these patients. Their
pre- and post-transfusion specimens were tested for anti-
HBs and anti-HBc. The repository specimens from the
implicated donors were also examined to determine anti-
HBs and anti-HBc titres and HBV DNA levels.

Results

The risk of transfusion-transmitted HBV, HCV and
HIV infections

We examined 2139, 2091 and 2040 post-transfusion speci-
mens for HBV DNA, HCV RNA and HIV-1 RNA, respec-
tively, by NAT. The 2040 post-transfusion specimens were
non-reactive for HIV-1 RNA (Table 2). Of the 2091 post-
transfusion specimens, 150 specimens (7-2%) were reactive
for HCV RNA (Table 2). However, the pre-transfusion speci-
mens from the same 150 patients were also reactive for
HCV RNA, indicating that the patients were already
infected with HCV prior to the transfusion. Of the 2139
post-transfusion specimens, 73 (3-4%) specimens were
reactive for HBV DNA (Table 2). Among these 73 patients,
pre-transfusion specimens from 56 patients were reactive
for HBV DNA, indicating that these patients were already

Table 2 Patient ages and HIV-1 RNA, HCV RNA and HBV DNA results

infected with HBV prior to the transfusion. Pre-transfusion
specimens from the remaining 17 patients were non-reac-
tive for HBV DNA. Among these 17 patients, one patient
who received 115 units of blood was judged to have trans-
fusion-transmitted HBV infection on the basis of a donor-
triggered look-back investigation on a donor, who was
found to be reactive for HBV DNA at his next donation. The
HBV DNA sequence of this donor was consistent with that
of the patient. The repository specimens from the remaining
114 donors were non-reactive for HBV DNA.

Fourteen of the sixteen remaining patients were consid-
ered to have late-stage HBV infection because their pre-
transfusion specimens were reactive for anti-HBc, and none
of the repository specimens from the donors were reactive
for HBV DNA. The other two patients were also considered
to have late-stage infection because their HBsAg levels
were relatively low (Table 3). According to additional
information obtained from the hospital, one patient (No. 16
in Table 3) became infected with HBV several years ago
and then periodically visited the hospital, and hospital
records identified him as being HBsAg positive (AXxSYM;
Abbott Japan Co., Ltd, Tokyo, Japan). Considering their
ages, diseases, therapies [16] administered to the patients,
and follow-up observations by the hospitals, these 16
patients were strongly suggested to have occult hepatitis B
infection (OBI).

The risk of transfusion of blood components from
donors with low anti-HBc titres or high anti-HBc
titres with high anti-HBs titres

None of the 1009 repository specimens were reactive for
HBV DNA, but 86 of these specimens were reactive in the
anti-HBc test at a titre of <1:32 (75 specimens) or 21:32

Age <9 10-19 20-29 30-39 40-49 50-59 60-69 70-79 80-89 >90 Total

HIV-1 RNA  Post-transfusion ~ Non-reactive 49 38 56 125 137 345 548 577 157 2040
Reactive 0 0 0 0 0 0 0 0 0 0 0

Total number 49 38 56 125 137 345 548 577 157 8 2040

HCV RNA Post-transfusion ~ Non-reactive 55 38 59 128 134 330 517 518 154 8 1941
Reactive 0 0 0 1 6 26 40 69 8 0 150

Pre-transfusion Non-reactive 0 0 0 0 0 0 0 0 0 0 0

Reactive 0 0 0 1 6 26 40 69 8 0 150

Total number 55 38 59 129 140 356 557 587 162 8 2091

HBV DNA Post-transfusion  Non-reactive 79 43 61 129 135 334 546 574 156 9 2066
Reactive 0 0 0 1 5 24 18 19 0 73

Pre-transfusion Non-reactive 0 0 0 0 5 4 5 3 0 17

Reactive 0 0 0 1 19 14 14 3 0 56

Total number 79 43 61 130 140 358 564 593 162 9 2139

© 2011 The Author(s)
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Table 3 The details of 16 patients considered to have late-stage HBV infection

Pre-transfusion

Post-transfusion

Anti-HBs
No. Age Disease Therapy HBsAg (mlU/ml)  Anti-HBe HBVDNA HBsAg Anti-HBs Anti-HBc HBV DNA
1 64  Heart disease Operation + - + - + - NT +
2 54 Haematologic malignancy ~ HSCT - = + - - - + +
3 77 Gastric cancer Chemotherapy - - + - - - NT +
4 60 AML Chemotherapy — - + - - - NT +
5 56 Haematologic malignancy ~ HSCT - + + - NT - + +
6 76 Macroglobulinemia HSCT - + 2100 + - - + + +
7 72 Oesophageal cancer Chemotherapy — + 1342 + - = + + +
8 57  Aplastic anaemia HSCT - + 52 + - - + + +
9 89  Orthopaedic disorder Operation - + 349 + - - + + +
10 70 Heart disease Operation - + 421+ - - + NT +
11 77  lIntracerebral haemorrhage Operation - + 14 + - - + NT +
12 58 Gastric cancer Chemotherapy NT + 75 + - - + NT +
13 58 Haematologic malignancy ~ HSCT - + + - NT NT NT +
14 82 Heart disease Operation NT NT + - - + + +
15 80  Cancer Chemotherapy +2:562 - —48-8 - -169 - +56'8 +
16 67 Gynaecological cancer Chemotherapy -1-87 ~— - - +2:35 - = +

+, reactive or positive; —, non-reactive or negative; NT, not tested; HSCT, haematopoietic stem cell transplantation; AML, acute myelocytic leukaemia;
HBsAg, anti-HBs and anti-HBc (Nos. 15 and 16) measured by EIA (AxSYM) in the hospital (normal range = HBsAg, S/N of <2-00; anti-HBc, % INH (inhibi-
tion) of <50-0) because the specimen volume was not sufficient to perform RPHA, PHA and HI.

Table 4 Analysis of blood components {n = 1009) transfused to 247 randomly selected patients negative for all three viruses on NAT

Anti-HBc (HI) 2"

0 1 2 3 4 5 6 7 8 Total
Anti-HBs 0 896 14 13 6 3 Excluded from blood transfusion 932
(PHA) 2" 1 5 2 1 1 9
2 8 2 3 1 14
3 3 1 1 2 1 8
4 3 3 3 9

5 2 1 1 1 1
6 3 1 1 1 1 1 8
7 2 2 4 3 1 12
8 1 1 2 4
9 1 1 2 1 5
10 1 1
1 1 1
Total 923 17 24 19 15 2 3 3 3 1009

75 1

NAT, nucleic acid amplification testing.

Values indicate the number of blood components with titres (2") of anti-HBc and anti-HBs transfused.
For example,'14' blood components with titres of anti-HBc and anti-HBs of 2" and 2°, respectively, were transfused to patients.

with an anti-HBs titre of >1:32 that corresponds to
200 mIU/ml (11 specimens) (Table 4). All of the 86 dona-
tions met criteria for release for transfusion in Japan
(Table 1). Of the 247 patients tested, neither pre- nor post-

© 2011 The Author(s)
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transfusion specimens from 165 patients were reactive for
anti-HBs or anti-HBc, although 52 of these patients
received blood components (total of 64} that were serologi-
cally reactive for anti-HBs and/or anti-HBc (Fig. 2). In
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l 247 Patients | Post transfusion specimens were non-reactive for HBV, HCV, and HIV on NAT

Anti-HBc and/or anti-HBs

Non-reactive

v
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l Transfused
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Reactive Non-reactive
4 4

622

Blood components

Transfused to 52 patients
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Reactive Non-reactive
A 2

274
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Fig. 2 The risk of transfusion of blood components with low anti-HBc and/or high anti-HBs titres. A total of 247 patients whose post-transfusion speci-
mens were non-reactive for HBV, HCV and HIV on nucleic acid amplification testing were randomly selected, and their pre- and post-transfusion specimens
were tested for anti-HBc and anti-HBs. One hundred and sixty-five patients showed non-reactivity for anti-HBc and anti-HBs in both their pre- and post-
transfusion specimens, and they were transfused 686 blood components. The remaining 82 patients were reactive for anti-HBc or anti-HBs, and they were
transfused 323 blood components. The repository specimens from the donors concerned were examined to determine the anti-HBc and anti-HBs titres. Of
the 686 blood components, 64 were reactive for anti-HBc and/or anti-HBs and were transfused to 52 patients whose pre- and post-transfusion specimens

were non-reactive for HBV DNA, anti-HBc and anti-HBs.

other words, 64 blood components that were serologically
reactive for anti-HBs and/or anti-HBc were transfused to
52 patients, but no reactivity was observed for any of the
HBV markers (HBsAg, anti-HBs, anti-HBc and HBV DNA)
before and after transfusion.

Discussion

We commenced this study in November 2003 when the
tests for post-transfusion hepatitis were not routinely per-
formed in hospitals in Japan, including most of the hospi-
tals that participated in this study. Medical insurance
covered the cost of the tests for post-transfusion hepatitis
only when a doctor suspected its possibility, and thus, a
number of transmissions might have been missed. Simi-
larly, anti-HBc and anti-HBs tests were also not performed
before transfusions. Therefore, the JRC conducted this
study to try to identify more accurately the transmission
rate of infections in all patients receiving blood transfu-
sions in the specified hospitals. The number of patients par-
ticipating in this study was, however, insufficient to
develop statistically significant rates.

Immediately after this study started, a post-transfusion
specimen from a patient was found to be reactive for HBV
DNA. However, neither the pre-transfusion specimen from
the patient nor the repository specimen from the donor
concerned was reactive for HBV DNA. Consequently, the
remaining pre-transfusion specimen was tested and found
to be reactive for anti-HBc. Therefore, it was concluded that
the patient had been infected with HBV before transfusion-
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i.e., he had so-called OBI [17-20]. This demonstrates that
OBI is an important issue among patients in Japan, espe-
cially in older patients [15] and patients receiving immuno-
suppressive therapies such as chemotherapy [21-23]. Since
the completion of this study, medical insurance has been
available to cover the cost of laboratory tests performed to
evaluate viral markers of HBV, HCV and HIV (including
anti-HBc) in all patients receiving blood transfusions. Fur-
thermore, considering the significant background rates of
HCV (7-2%) and HBV (3-4%) infections seen in Japanese
patients, the Ministry of Health, Labor and Welfare has
developed guidelines for the timing and testing required to
support early detection of transfusion-transmitted HBV,
HCV and HIV infections (Table 5). Pre-transfusion speci-
mens can be tested for HBsAg, anti-HBs, anti-HBc, HCV
core antigen, anti-HCV and anti-HIV. If these specimens
are non-reactive for all the viral markers, post-transfusion
specimens are tested for HBV DNA, HCV core antigen and
anti-HIV. If any of the viral markers are reactive in pre-
transfusion specimens, there is no requirement to undertake
further testing for the viruses concerned in post-transfusion
specimens. Of course, we can cryopreserve pre-transfusion
specimens as performed in this study, and if the post-trans-
fusion specimens are reactive for HBV DNA, HCV core anti-
gen or anti-HIV, the cryopreserved pre-transfusion
specimens can then be tested for the relevant viral markers.

The reasons for the high background rates of HBV and
HCV infections, especially among older patients, are
unclear; however, these rates might partly be the result of
the reuse of needles and syringes for vaccination during

© 2011 The Author(s)
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Table 5 The guideline of test markers for early detection of transfusion
associated HBV, HCV and HIV infections in Japan

Pre-transfusion Post-transfusion

Virus Test markers When to test Test markers

HBV HBsAg Approximately 3 HBV DNA
Anti-HBs months later
Anti-HBc

HCV HCV core antigen 1-3 months later HCV core antigen
Anti-HCV

HIV Anti-HIV 2-3 months later Anti-HIV

childhood to save costs, a practice that lasted until the
1980s, or to the use of plasma anticoagulant products such
as fibrinogen and factor VIII, which were not pathogen
inactivated in the 1980s and 1990s. In fact, according to a
report by Tanaka ef a/ [24], the prevalence of HBV and
HCV in first-time blood donors was 0:63% (1-5% estimated
for donors above 50 years) and 0-49% (2% estimated for
donors above 50 years and 3% for donors above 60 years),
respectively.

Transfusion-transmitted HCV or HIV infection was not
observed in this study. The patient with confirmed transfu-
sion-transmitted HBV infection was a 61-year-old man
with acute myeloid leukaemia, and he underwent hemato-
poietic stem cell transplantation. On 29 November 2003,
the patient received a platelet transfusion. The platelet
component was derived from a donor on November 27.
The donor’s next donation was on 30 December 30 2003,
and his blood sample was found to be reactive for HBV
DNA using the 50 donation MP-NAT. A look-back study of
the donor revealed that HBV DNA was detectable by ID-
NAT in the repository specimen collected on 27 November
2003. Serum drawn from the patient on 26 January 2004
(on the same day when the result of look-back was
obtained) was also reactive for HBV DNA, but the DNA
level was too low (30 copies/ml) to sequence. His pre-
transfusion specimen was non-reactive for HBsAg, anti-
HBc, anti-HBs and HBV DNA. A total of 115 units of blood
including this platelet component transfused to him were
implicated, and the repository specimens from the dona-
tions were tested for HBV by ID-NAT. All specimens except
the one identified previously were non-reactive for HBV
DNA. Approximately 4 months later (1 June 2004), the
patient’s HBV DNA level was elevated (21000 copies/ml)
along with leukaemia recurrence, and the specified HBV
DNA sequences were consistent with those of the original
donor. As the HBV DNA level in the patient was monitored,
immediate administration of lamivudine (when the HBV
DNA level was >1000 copies/ml), a nucleoside analogue
reverse transcriptase inhibitor, prevented the development
of acute hepatitis.

© 2011 The Author(s)
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Despite the implementation of NAT screening, several
cases of transfusion-transmitted HBV infection continue
to occur each year in Japan [25]. One reason may be that
only a few patients are immunized with a hepatitis B vac-
cine because only selective vaccination against HBV is
carried out in Japan (medical staff, coworkers and babies
born to HBV carrier mothers). In addition, donors in the
early and late stages of HBV infection may have low
HBV DNA levels that are detectable in ID-NAT but not by
50-NAT [26]. The patient discussed earlier is a typical
case of transfusion of a blood component from a donor
with an early acute HBV infection. The risk of HBV trans-
mission identified in this study was 0-:0004675 (95% CI
for the risk of transmission, 1 in 451-41 841). However,
data from donor-triggered look-back studies involving
more than 10 000 cases between 2000 and 2004 [15]
have been used to assess the residual risks of transfu-
sion-transmission of these three viruses. On the basis of
data reported by transfusion monitoring hospitals in
Tokyo, the number of patients receiving blood transfu-
sions was calculated to be 1-2 million per year in Japan
[27]. The risks of transfusion-transmitted HBV, HCV and
HIV infections were estimated at 13-17 cases per year (1
in 70 588-92307), 1 case every 2-4years (1 in
2 400 000-4 800 000), and 1 case in 4 years (1
in 4 800 000), respectively. In fact, 74, 41 and O cases of
HBV, HCV and HIV infections, respectively, associated
with transfusion were reported to the JRC in 2007. Inves-
tigation of these confirmed transfusion as the cause of 13
cases of HBV and 1 case of HCV [28].

Hollinger [29] has indicated that the reagents used in
Japan to test blood donations and the criteria used by the
JRC for the release of donations are different from those
used in Western countries [30-33]. In Japan, if a specimen
is reactive for anti-HBc at a titre of <1:32 based on a
hemagglutination inhibition test or is >1:32 along with a
passive hemagglutination inhibition assay revealing an
anti-HBs titre of 2200 mIU/ml, the blood components can
be transfused to patients [3, 4]. We attempted to improve
our understanding of the risk of routine transfusion of
blood components to patients when these criteria are used.
Pre-transfusion specimens, cryopreserved in Osaka City
University hospitals, were tested for anti-HBs and anti-HBc.
The specimens were non-reactive for HBsAg in all 247
patients tested but were serologically reactive for anti-HBs
and/or anti-HBc in 82 patients. The remaining 165 patients
whose pre-transfusion specimens were non-reactive for
HBsAg, anti-HBc, anti-HBs and HBV DNA were transfused
with 686 blood components. The repository specimens of
the 686 donors concerned were tested for HBsAg, anti-HBs,
anti-HBc and HBV DNA. Specimens of 64 of the donors
were reactive for anti-HBs and/or anti-HBc, and their blood
components (64) were transfused to 52 patients. None of
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the HBV markers changed in those patients receiving these
components indicating that the blood components with low
anti-HBc and/or high anti-HBs titres and with non reactive
results for HBV DNA by MP-NAT have a low risk (rate, 0;
9500 confidence interval for the risk of transmission, <1 in
22) (Fig. 2).

The JRC implemented a chemiluminescent EIA system
(Fujirebio Inc., Tokyo, Japan) in 2008 replacing the earlier
agglutination method. We have continued the same strat-
egy of using blood from donors with low anti-HBc titres
(cut-off index <12) or high anti-HBc titres (cut-off
index>12) with high anti-HBs titres (2200 mIU/ml) for
transfusion because discarding these blood components
(86/1009, 8:5% in Table 4) would have a huge influence on
our ability to maintain a stable blood supply to hospitals.
However, most of these donors are 250 years in most cases
[34], and it is likely that we will be able to review this
approach and adopt a policy of only issuing anti-HBc-neg-
ative blood components in the future. Meanwhile, we will
continue to evaluate the residual risk of blood transfusion
from donors with low anti-HBc titres or high anti-HBc titres
with high anti-HBs titres.
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