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ly enrolled to the study, and sera taken on admission were stored
for further analysis. There were some, but only minor changes in
the member hospitals due to personnel transfer and/or elimination
and consolidation of hospitals during the observation period.

Clinical Case Definition

Acute hepatitis was defined as acute illness with (1) discrete
onset of symptoms (e.g. nausea, anorexia, fever or malaise) and
(2) jaundice or elevated serum aminotransferase and/or total bil-
irubin levels.

The laboratory criteria for confirming each type of AVH were
as follows: (1) acute hepatitis A (AHA): positivity for immuno-
globulin M (IgM) antibody to hepatitis A virus (anti-HAV); (2)
acute hepatitis B (AHBY): positivity for IgM antibody to hepatitis
B core antigen (anti-HBc) or hepatitis B surface antigen (HBsAg);
(3) acute hepatitis C (AHC): positivity for RT-PCR for HCV RNA,
and either anti-HCV negativity at the onset of disease or signifi-
cant increase of anti-HCV in the assay 2 weeks after onset.

Exclusion criteria were as follows: (1) involvement of non-hep-
atitis viruses, including Epstein-Barr virus, cytomegalovirus, par-
vovirus and herpes virus; (2) involvement of other etiologies such
as autoimmune hepatitis, drug-induced hepatitis, and (3) alco-
holic liver diseases. After excluding such types of liver dysfunc-
tion, the 4th category of non-ABC hepatitis was made.

Data Collection

Inthis survey, patients’ data and serum samples were collected
on an annual basis and stored at the National Nagasaki Medical
Center until they were used for analysis. After 2005, all patients’
written informed consent for enrollment in this study was ob-
tained.

RT-PCR and Sequencing

Samples that were serologically confirmed for AHB or acute
hepatitis E (AHE) were further subjected to DNA or RNA testing
by means of PCR and RT-PCR, respectively. Amplification and
sequencing of appropriate regions were performed by the meth-
ods described elsewhere. Briefly, total RNA or DNA was extract-
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ed from the patient’s serum sample. Detection of hepatitis virus
genome was performed by PCR with primers derived from well-
conserved genomic areas. Sequences were compared with those
from isolates from various origins. Phylogenetic trees were con-
structed by neighbor-joining method.

Results

Trends of AVH in Japan

A total of 4,302 cases are the subject of this study. In
total, throughout the study period (1980-2008) AHA ac-
counted for 1,583 cases (37%), AHB for 1,197 (28%), AHC
for 359 (8%) and non-ABC hepatitis for 1,163 (27%). The
period between 1980 and 1995 when AHA was appar-
ently predominant among viral hepatitis can be called
the AHA dominant phase. During the following 8 years
(1996-2003), however, the proportions of AHA, AHB,
AHC and non-ABC hepatitis changed to 31, 28, 8 and
33%, respectively. This phaseis characterized by even dis-
tribution of AHA, AHB and non-ABC hepatitis. Further-
more, the proportions of AHA, AHB, AHC and non-ABC
hepatitis in the last 5 years (2004-2008) were 10,43, 8 and
39%, respectively. Apparently, these changes in trend of
hepatitis were caused by a major decrease of AHA inci-
dence (fig. 1).

Genotype Shifting of AHB

Genotype analyses for AHB cases were done on 498
samples (1991-2008). Figure 2a shows the proportions of
genotypes. Respectively, genotypes A, Band C accounted
for 23% (115), 8.6% (43) and 67.5% (336) of AHB during
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Fig. 2. a Genotype change in AVB (1991-2008, n = 498). b Trends of HBV genotypes (1991-2008). Note that
HBYV genotype A has increased in the course of the observation period. * p < 0.05; *** p < 0,001,

the period, whereas 1 case (0.2%) each of genotypes D, E,
G (co-infection with genotype A) and H was found. The
trend of genotypes of AHB is shown in figure 2b. HBV
genotype A was confirmed in 9 of 150 cases (6.0%) in
phase 1 (1991-1996), 19 of 123 (15.4%) in phase 2 (1997~
2002) and 87 of 225 (38.7%) in phase 3 (2002-2008). An
apparent increment of AHB by HBV genotype A propor-
tion is observed (p < 0.05, 1st vs. 2nd phase; p < 0.0001,
Ist vs. 3rd and 2nd vs. 3rd phases). In contrast, HBV ge-
notype B was observed in 9 of 150 cases (6.0%) in phase
1, 9 of 123 (15.4%) in phase 2 and 26 of 225 (11.6%) in
phase 3. There was no significant difference among the
frequency of AHB by HBV genotype B in the 3 phases.
Characteristics of AHB by HBV genotype A include male
dominance (94.8% for genotype A, 76.7% for Band 56.0%
for C; p <0.001), higher total bilirubin (10.1 * 7.9 mg/dl
for genotype A, 8.1 * 7.6 mg/dlfor Band 6.9 + 5.9 mg/dl
for C; p<0.001), lower frequency of severe cases (3.5% for
A, 11.0% for B and 8.3% for C; p < 0.05), and higher rate
of chronicity (3% for A and 0% for both B and C; p <
0.05).

Domestic or Imported Hepatitis E in Japan

In the 1,163 cases of non-ABC hepatitis, 896 (77.0%)
samples were available for anti-hepatitis E (HEV) analy-
sis. Of the 896 cases, 8 were positive for anti-HEV IgM

72 Intervirology 2010;53:70-75

alone, 78 were positive for anti-HEV IgG alone, and 44
cases tested positive for both anti-HEV IgM and IgG.
Based upon studies on specificity tests (data not shown),
the 44 cases (4.9%) which were positive for both anti-
HEV IgM and IgG were given a final diagnosis of AHE.
Among the 44 samples, RT-PCR for HEV was performed
for 30 samples which all showed positive. Eleven cases
had a history of international travel, whereas 20 did not.
Travel history was not confirmed in the remaining 13
patients, who probably acquired HEV infection locally.
Phylogenetic analysis revealed that all but 1 (genotype 4)
domestic infections were caused by HEV genotype 3,
whereas imported infections were caused by either geno-
type 1,3 or 4.

Figure 3 shows the trend of non-ABC and hepatitis E
that had been buried in non-ABC from 1980-2008 in this
study. In Japan, which has been believed to be a non-en-
demic country for HEV, AHE occurred sporadically as
early as the 1980s. Although the number of hepatitis E
(1-6 cases per year) and the ratio to non-A, B, Cand E
hepatitis (0-14.5%) are not very high and insignificant,
the occurrence of hepatitis E became constant after 2002.
Hepatitis E constituted 11.0% (25/228) of non-ABC hepa-
titis after 2002. All patients with AHE recovered, and
none of the cases showed prothrombin time less than
40%.
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Discussion

Despite being notifiable infectious diseases, very lim-
ited information has been available on the epidemiology
of AVH in Japan. Under-reporting of cases has been
linked to lack of awareness of the reporting system by
medical practitioners and a rather complex process of no-
tification. This study, which is a nationwide longitudinal
survey carried out over a long period, provides reliable
data on trends of AVH in Japan.

In this study, AHV is classified into 4 categories,
namely, AHA, AHB, AHC and non-ABC hepatitis. Other
etiologies of AVH, such as Epstein-Barr virus, cytomega-
lovirus, and herpes simplex virus-associated hepatitis,
were excluded to focus on the epidemiology of ‘hepatitis
virus’. Accordingly, the category non-ABC hepatitis may
consist of undiscovered or submerged types of hepatitis,
such as AHE which had been paid little attention as a
cause of domestic AVH in most industrialized countries,
including Japan, until recently.

The overview of trends among all 4,302 cases in chro-
nological fashion reveals that the cause of hepatitis in Ja-
pan has been drastically changed during the past 3 de-
cades. This change is largely due to a major decrease of
AHA, probably because of improvements in hygienic
conditions in this country.

In connection with this decrease of AHA incidence, a
marked decrease of anti-hepatitis A prevalence among
the healthy population has been observed. More than
99% of individuals who were under 50 years old were sen-
sitive to hepatitis A in 2006 (unpubl. observation). This
may paradoxically rouse a debate over the need for vac-
cination in this low-endemic country. In fact, many out-
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breaks have been observed in low-endemic countries 3,
4], which can be linked to imported foods.

There was a remarkable increase in AHB by HBV ge-
notype A from the 1st phase (1991-1996) to the 2nd
(1997-2002) and 3rd (2003-2008) phases. This observa-
tion is consistent with previous reports [5-11]. Like other
investigators, we observed an increase of HBV genotype
A which had not been indigenous to Japan, probably be-
cause of a marked increase of immigration from coun-
tries where HBV genotype A is common. Taking into
consideration that all AHB by HBV genotype A patients
reported in our study were Japanese and most of them
had neither travel histories nor contact with foreign peo-
ple, it seems to be natural to speculate that original trans-
mission had happened from foreign individuals to Japa-
nese, and secondary spread from Japanese to other native
individuals were carried out.

Clinical characteristics of AHB by genotype A is of
particular importance. Our data indicate a milder, but
prolonged course of AHB genotype A compared to geno-
type B or genotype C. Although chronicity of HBV geno-
type A has been a matter of concern, the reported chro-
nicity rate varies [5, 7, 8]. If HBV genotype A is prone to
cause chronic infection in immunocompetent adults, the
increase of such strains in acute hepatitis may change the
picture of chronic infection in this country. Indeed, Mat-
suura et al. [12] reported that HBV genotype A in chron-
ic hepatitis B between 2005 and 2006 was twice as fre-
quent (3.5 vs. 1.7%; p = 0.02) as it was in their previous
cohort between 2000 and 2001 [13]. A further study, es-
pecially a prospective one, is necessary to confirm the
scenario.
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HEYV is a major cause of acute hepatitis in many devel-
oping countries where AHE is an important public health
concern. However, cases of sporadic AHE in people with
no history of recent travel have been reported in devel-
oped regions such as North America, Europe, Japan and
Australia [14-21]. The reporting of such infections to-
gether with the availability of more comprehensive mo-
lecular and serological data has led to the re-evaluation
of HEV epidemiology and to the acceptance that autoch-
thonous AHE is a clinical problem in developed coun-
tries [14]. Information on AHE in the non-ABC hepatitis
population in Japan is limited, although there are many
reports of sporadic or epidemic occurrence of AHE [21-
28]. The current study also showed the trend of AHE in
Japan. AHE constituted 4.9% (44/896) of non-ABC hepa-
titis. Although the number of AHE cases (1-6 cases per
year) and its ratio to non-ABC hepatitis (0-14.5%) are not
very high and insignificant, the occurrence of AHE be-
came constant after 2002, Surprisingly, AHE constituted
as high as 11,0% (25/228) of non-ABC hepatitis after 2002.
The clinical course was generally modest, and none of the
patients showed a severe type of hepatitis, probably be-
cause most domestic cases were caused by HEV genotype
3 which has been implicated with milder clinical out-
come compared with HEV genotype 4 [29-31]. This phe-
nomenon may reflect the fact that our sentinels involve
only a few institutes in Hokkaido where HEV genotype 4
is endemic. Nevertheless, the trend of AHE requires par-
ticular attention, because mode of transmission is still
often unknown, even after taking very careful history of
eating particular foods such as raw meat of deer, pigs and
boars [29].
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1.8 index, HBV DNA 7.4 log copies/ml. JRZF#8

10 BTz Y AST 951U/1, ALT 296 1U/ID T HERRETIIFICRERRZL.
BREREE = 526, 6 A 1381 TH - 7-HBsHUR A* iR PR AR

11 FORETHUTHAH I LAHBAL, 12 A
LEHEI L o7z, RRKRRIE - K 153 cm,
AE 53 kg, BRBREIRICEIMZ L, IRERKSIRICE
E2 L, RIEY Y/ HiMmMET, LF - RRE
RELZL, BRBEFHRRZL, TRETERL.

HERFHREPR R © WBC 9,600/ul, RBC 462 x 10Y/

Ih I ToORE L IgM-HBcHiE 2 TH 5
e LBRIBW KL BW. PSLHARY (15
mg& 125 mgk R H#S) THH, HBV DNA
BEbLZ < BRFROEREL - BHEIIBESN
7z, BARTH o770, WMiAWEE ko2
200043 X 0> F A ¥ 05 mgD ARk %E

(% 189 EIH L 5 & (2009/09/12) HERE) (A& 2010/03/02, %/ 2010/03/03)
D AL RZERBEHEALREAR. 2 B AR+ 54 b g i e
A case of acute hepatitis B who had an onset 6 months after blood transfusion.

Jun Inoue?, Yoshiyuki Ueno?), Koji Fukushimal), Yasuteru Kondol), Eiji Kakazul), Noriyuki Obaral), Osamu Kimura!), Yuta
Wakuil), Tooru Shimosegawal) and Shigeharu Uchida? : DDivision of Gastroenterology, Tohoku University Hospital, Sen-
dai and 2 Central Blood Institute, Japanese Red Cross Society. Tokyo.
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SUMMARY

Aims/Objectives: To clarify transfusion incidence of
hepatitis B virus (HBV) infected blood negative for mini
pool-nucleic acid amplification testing (MP-NAT).
Background: Japanese Red Cross (JRC) blood centres
screen donated blood to avoid contamination with HBV.,
However, a low copy number of HBV may be over-
looked.

Methods/Materials: In Hyogo-Prefecture. JRC blood
centres screened 787 695 donations for HBV from April
2005 to March 2009. Of these. 685 844 were donations
trom the repeat donors. To detect the donors with HBV,
serological tests, MP-NAT and/or individual donation
(ID)-NAT were performed. To detect the recipients with
transfusion-transmitted HBV infection (TTHBI). sero-
logical analysis and/or ID-NAT were performed.
Results: In this study. 265 of the 685 844 repeat dona-
tions were serologically and/or MP-NAT positive for

HBV. Their repository samples from the previous dona-
tion were examined in a look-back study: 13 of the
265 repository samples proved ID-NAT positive. Twelve
recipients were transfused with HBV-infected blood
components derived from 10 of the 13 HBV-infected
donors. Only 1 of the 12 recipients was identified as
TTHBI case. Seven of the 12 recipients escaped trom
our follow-up study and 4 recipients were negative for
HBYV during the observation period.

Conclusion: On the basis of the look-back study among
the repeat donors in Hyogo-Prefecture, Japan, dona-
tions with HBV-infected blood negative for MP-NAT
oceurred with a frequency of 13 in 685 844 donations
(~1/53 000 donations). However, more than half of the
recipients transfused with HBV-infected blood negative
for MP-NAT could not be followed up. It is necessary
to establish a more cautious follow-up system.

Key words: HBV, ID-NAT, look-back study, MP-NAT.
TTHBL

For the purpose of the prevention of transfusion-
transmitted hepatitis B virus infection (TTHBI), Japanese
Red Cross (JRC) blood centres have been screening
blood with scrological tests for hepatitis B surface anti-
gen (HBsAg) since 1972 and for hepatitis B core anti-
body (HBcAb) since 1989 (Japanese Red Cross NAT
Screening Rescarch Group. 2000). Currently, nucleic
acid amplification testing (NAT) methods are widely
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used in Japan as useful diagnostic tools for virus
detection.

In 1999, mini pool (MP)-NAT for hepatitis B virus
(HBV) was implemented: MP-NAT with 50-member
mini pool samples (50-MP-NAT) had been included in
the JRC donor screening system since 2000, but that was
replaced by 20-MP-NAT in 2004 (Yugi er al.. 2006). The
screening system including 20-MP-NAT or individual
donation-NAT (ID-NAT) has been the standard method
in Japan since 2004. Table 1 shows the HBV tests for
donor selection that are now conducted in JRC.

However, it may be impossible to exterminate HBV
infections. despite the introduction of sensitive NAT. The
current NAT system cannot completely eliminate the risk

107
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Table 1. HBV tests for donor selection

Period [tems Test Methods Kit (Company) Normal range
~July 2008 HBsAg Serological test for Reverse passive JRC HBsAg (JRC) <2!
screening haemagglutination
HBsAg Serological test for Enzyme immunoassay AxSYM® HBsAg <2:0 SIN
contirmation Dynapack (Abbott)
HBcAb Serological test for Haemagglutination JRC HBcAb (JRC) <2’
screening inhibition
HBcAb Serological test for Enzyme immunoassay AxSYM® HBcAb <50-0%INH
confirmation Dynapack. (Abbott)
HBsAb Serological test for Passive JRC HBsAb (JRC) <2*
screening haemagglutination
HBsAb Serological test for Enzyme immunoassay AxSYM® HBsAb <200 mlU/mL
confirmation Dynapack (Abbott)
HBV DNA  Mini pool NAT for TagMan PCR AMPLINAT MPX <100 copies/mL!
screening (Roche Diagnostics)
HBYV DNA  Individual NAT for TagMan PCR Single NAT HBV <100 copies/mL'
confirmation (Roche Diagnostics)
August 2008~ HBsAg Serological test for Chemiluminescence Lumipulse® HBsAg <10 C.O.L
screening and enzyme immunoassay (Fujirebio)
confirmation
HBcAb Serological test for Chemiluminescence Lumipulse® HBcAb <120 COL
screening and enzyme immunoassay (Fujirebio)
confirmation
HBsAb Serological test for Chemiluminescence Lumipulse® HBsAb <200 mIU/mL
screening and enzyme immunoassay (Fujirebio)
confirmation
HBV DNA  Mini pool NAT for TagMan PCR Cobas TaqScreen <32 IU/mL!
screening MPX (Roche
Diagnostics)
HBV DNA  Individual NAT for TagMan PCR Cobas TagScreen <24 1U/mL
confirmation HBV (Roche
Diagnostics)

"HBV DNA detection limit.
C.O.1, cut oft index: $/N. sample rate/index calibrator mean rate,

of TTHBI, because the limited sensitivity of NAT may
overlook blood contaminated with extremely low levels
of HBV donated by individuals with an early stage HBV
infection (window period) or with HBV carrier status
(Tadokoro. 2007).

When a new donation of a repeat donor turned out to
be positive for HBsAg, HBcAb or NAT for HBV. reposi-
tory samples of the preceding donation are subjected to a
look-back study. In the look-back study, repository tubes
from previous donations are re-investigated by ID-NAT.
JRC has stored repository tubes of every blood donation
for 11 years since 1996 (Satake er ai.. 2007). A look-
back system of JRC may detect donors with acute HBV
infection in the window period and occult carrier donors
with low HBcAD titers (Satake & Tadokoro. 2008).

To investigate transfusion incidents with HBV-in-
fected blood negative for MP-NAT in the current JRC

screening system, we calculated their incidence based
on the cumulative data of the look-back study during
the period between 1| April 2005 and 31 March 2009. In
addition, to investigate the outcome of the recipients who
were transfused with HBV-infected blood. we searched
for the transfusion incident victims.

MATERIALS AND METHODS
Subjects studied
In Japan. a total of 20 314 745 donated blood samples
were screened for HBV infection during the period
I April 2005 to 31 March 2009. Among 17 875
065 donations trom the repeat donors, 10 380 were
serologically positive or MP-NAT positive for HBV.

In Hyogo-Pretfecture. a total of 787 695 donated blood
samples were screened for HBV infection during the

© 2010 The Authors
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period between | April 2005 and 31 March 2009. Among
685 844 donations from the repeat donors, 265 were
serologically positive or MP-NAT positive for HBV.

In addition to the donors identified in the look-back
study of the repeat donations, a donor with HBV-infected
blood negative for MP-NAT, DI. in Hyogo-Prefecture
was identified in the look-back study based on a hospital
report.

Serological tests of donation samples for HBV

For the detection of HBV-infected blood, a battery of
HBsAg, HBcAb, HBsAb and 20-MP-NAT (or ID-NAT)
was used to judge the presence or absence of HBV in
the donated blood samples. Donated blood samples had
been screened for HBsAg by reverse passive haemag-
glutination (RPHA), for HBcAb by haemagglutination
inhibition (HI) and for antibody to HBsAg (HBsAb)
by passive haemagglutination (PHA) in JRC blood cen-
tres. Since August 2008, to improve the sensitivity of
screening for HBsAg, HBcAb and HBsADb, all RPHA, HI
and PHA methods had been replaced by chemilumines-
cence enzyme immunoassay (CLEIA) method (Table 1).
Donated blood samples which were positive for HBV
tests or which showed elevated alanine aminotransferase
(ALT) (=60 IU/L) were excluded (Yoshikawa et al..
2005: Yugi er al.. 2005).

MP-NAT and ID-NAT of HBV DNA

The outlines of MP-NAT and ID-NAT in the JRC screen-
ing system were reported by Mine efal. (2003) and
Minegishi er al. (2003), respectively. In this study, MP-
NAT for screening of HBY DNA was performed with
AMPLINAT MPX (Roche Diagnostics, Mannheim, Ger-
many) or Cobas TagScreen MPX (Roche Diagnostics)
according to the manufacturer’s instruction. ID-NAT
for confirmation was performed with Single NAT HBV
(Roche Diagnostics) or Cobas TagScreen HBV (Roche
Diagnostics) according to the manufacturer’s instruction.
The detection limits using these reagents are shown in
Table 1. The genotypes of HBV were determined by the
sequencing analysis of Okamoto et al. (1990).

Derection of recipients with TTHBI

For the detection of recipients with TTHBI, serological
analysis. ID-NAT for HBV and biochemical analysis
including ALT were performed.

RESULTS
Look-back studies of the repeat donations

In Japan, a total of 20 314 745 donated blood samples
were screened for HBV infection during the period |

€ 2010 The Authors
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Table 2. Donors' in Japan-wide and Hyogo-Prefecture
surveys during the period I April 2003 to 31 March 2609

Japan-wide  Hyogo-Pretecture

survey” survey

Total donors 20 314 745 787 695
First donors 2 439 680 101 851
Repeat donors® 17 875 065 685 844
Donors who were subjected 10 380 265

to the look-back study
Donors who were ID-NAT 247 13

positive at the preceding

donation

"The donors in this study were the people who came to the JRC blood
centres o donate their blood.

*Ministry of Health. Labour and Welfare of Japan (2009).

*Double counting took place if the same people came to the JRC blood
centres to donate their blood more than one time.

We call these people “repeat donors™.

April 2005 to 31 March 2009. Of the total 20 314 745
donations. 17 875 065 were from the repeat donors. Of
the 17 875 065 repeat donors. 10 380 were serologically
positive or MP-NAT positive for HBV and subjected to
look-back study (Ministry of Health, Labour and Welfare
of Japan, 2009). When a new donation of a repeat donor
turned out to be positive for serological tests and/or
MP-NAT, repository samples of that donor’s preceding
donation were subjected to look-back study using 1D-
NAT. The look-back study of 10 380 repeat donors
revealed that the previously donated blood samples of
247 repeat donors were ID-NAT positive (Table 2). On
the basis of the nationwide look-back study in Japan.
donations with HBV-infected blood negative for MP-
NAT occurred with frequency of 247 in 17 875 063
donations (~1/72 000 donations).

In Hyogo-Pretecture. a total of 787 695 donated blood
samples were screened for HBV infection during the
period between 1 April 2005 and 31 March 2009. Of the
787 695 donations, 685 844 were from the repeat donors
and 265 were serologically positive or MP-NAT positive
for HBV and subjected to the look-back study. The
look-back study of 265 repeat donors revealed that the
previously donated blood samples of 13 repeat donors
were ID-NAT positive (Table 2). On the basis of the
look-back study in Hyogo-Prefecture, donations with
HBV-infected blood negative for MP-NAT occurred
with a frequency of 13 in 685 844 donations (~1/53 000
donations).

Transfusion incidents in Hyogo-Prefecture

Table 3 shows the numbers of recipients transfused with
HBV-infected blood negative for MP-NAT (or victims of

Transfusion Medicine © 2010 British Blood Transtusion Society. Transfusion Medicine, 21, 107115
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Table 3. Recipients' transfused with HBV-infected blood
negative for MP-NAT in Japan-wide and Hyogo-Prefecture
surveys during the period I April 2005 to 31 March 2009

Japan-wide Hyogo-Prefecture

survey” survey
Recipients transfused with 204 12
HBV-infected blood
negative for MP-NAT
Recipients who converted to 13 1
HBV positive
Recipicnts who did not 58 4

convert to HBV positive
Recipients who escaped from I
the follow-up study

1)
‘e
~

""The recipients in this study were the people who were transfused with
JRC blood products.
*Ministry of Health, Labour and Welfare of Japan (2009).

the transfusion incidents) in the Japan-wide and Hyogo-
Prefecture surveys during the study period. According
to the nationwide survey in Japan. 13 of the 204
recipients (6-3%) who had been transfused with HBV-
infected blood negative for 20-MP-NAT were proved to
be TTHBI. According to Hyogo-Prefecture survey. only
1 of the 12 recipients (8:3%) who had been transfused
with HBV-infected blood negative for 20-MP-NAT was
proved to be TTHBI.

HBV markers of the ‘look-back study’ donors
in Hvogo-Prefecture

Table 4 shows the HBV markers at the final donation
of 265 repeat donors in Hyogo-Prefecture who were
subjected to look-back study. A total of 204 of the 265
‘look-back study’ donors presented HBsAg ncgative,
NAT negative and HB¢Ab positive.

Analvsis of individual cases of transfusion incidents
in Hyogo-Prefecture

Table 5 shows the information of the 14 donors
with HBV-infected blood negative for MP-NAT in

Table 4. HBV markers at the final donation of the
‘look-back study” donors

Type HBV markers Donor numbers
A [HBsAg (+)] 48
B {HBsAg (—). NAT (+)] 13
& [HBsAg (—). NAT (). 204
HBcAD (+)]
Total 265

Hyogo-Prefecture. All except D1 proved to be ID-NAT
positive in the repository sample of the donation prior
to the final donation. DI was accidentally found to be
ID-NAT positive in the look-back study started from the
hospital report of a patient with TTHBL, R1. The case
of DI was not identificd in the look-back study in the
repeat donations, because DI did not donate any more
after the index donation. Thus, there was a possibility of
higher incidence of TTHBI due to the transfusion with
HBV-infected blood negative for MP-NAT than ~1/53
000 donations.

Table 6 shows the clinical data of the 13 recipients
transfused with HBV-infected blood negative for MP-
NAT in Hyogo-Prefecture. We followed 13 recipients
in Hyogo-Prefecture who were transfused with HBV-
infected blood negative for MP-NAT. Only one recip-
ient was identified to be suffering from TTHBI. Four
of the 12 recipients were ncgative for HBV during the
follow-up period. However, 7 of the 12 recipients did not
undergo the post-transfusion HBV examination, because
they died soon after the transfusion or did not return for
a follow-up.

Case 1: Look-back study based on the hospital report

D1 donated a red blood cell (RBC) component caus-
ing TTHBI in a 63-year-old male with myelodysplastic
syndrome (MDS). R1. R1 was transfused 28 times and
got infected with HBV during chemotherapy. The index
RBC component from DI was ID-NAT positive with
low HBV DNA levels. but was not detected by the reg-
ular 50-MP-NAT. HBsAg and HBcAD screening tests
(Table 5). On the basis of these findings, it seemed that
DI was in the window period of HBV infection at the
index donation.

R1 was negative for HBsAg on 18 February 2002,
according to the hospital records. However, he was pos-
itive for HBV DNA on 13 November 2002, 175 days
after the date of the HBV-positive RBC component
transfusion (22 May 2002). The recipient showed to
be positive” for HBsAg 254 days after the date of
the transfusion and positive for HBcAb 315 days after
the date of the transfusion (Table 6). Rl showed a
transient elevation of ALT just after the negative-to-
positive conversion of HBsAg and HBcAb. although
HBsAb was still under detection level during his discase
course (Fig. 1). Rl died of intracercbral haemorrhage,
gastrointestinal hacmorrhage and sepsis on 4 January
2004.

To conlirm that HBV was transmitied through the
blood from DI. HBV strains of the donor and the
recipient were determined by the PCR/direct-sequencing
method. The sequences in both samples showed genotype

© 2010 The Authors
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Table 5. Donors involved in HBV-infected blood transtusion incidents

HBV markers

Donation Index and final
Case  Donor  Recipient number Donation date donations MP-NAT ID-NAT HBsAg HBcAb
| Dt R1 3rd 15 Apr 1997 N.D. N.D. — —
4th 08 May 2002 Index donation — +7 — —
2 D2 R2 7th 02 Jun 2003 — — —_ -
8th 11 Oct 2004 Index donation — +° == s
9th 04 May 2005 Final donation N.D. — — +
34 D3 R3, R4 5th 11 Jun 2007 — — - —
6th 09 Oct 2007 Index donation S +2 — —
7th 20 Jul 2008 Final donation N.D. —- — +
5 D4 RS 7th 18 Jan 2005 — — — —
8th 16 Mar 2005 Index donation — -+ — —
9th 19 Dec 2008 Final donation N.D. — — +
6 D5 R6 11th 1S Jun 2008 — — —_ —
12th 14 Sep 2008 Index donation —— +2 — -
13th 15 Feb 2009 Final donation + + — o
7 D6 R7 24th 27 Apr 2005 — - == —
25th 25 Jan 2006 Index donation — +- — —
26th 04 Mar 2006 Final donation N.D. N.D + ——
8.9 D7 R8. R9 Ist 04 Oct 1995 N.D N.D. — —_
2nd 08 Dec 2004 Index donation — +? B e
3rd 07 Mar 2006 Final donation N.D. N.D + +
10 D8 R10 33rd 21 Jun 2006 — — — —
34th 06 Jul 2006 Index donation — +- — —_
35th 20 Jul 2006 Final donation + + i —
11 D9 RI11 9th 06 Sep 2005 — — e —
L0th 06 Sep 2006 Index donation - +2 —_ i
1ith 27 Feb 2007 Final donation N.D. — — +
12 D10 Ri2 Sth 04 Dec 2006 — — — —
6th 01 Feb 2007 Index donation — +2 — —
7th 02 Apr 2007 Final donation N.D. N.D + +
13 D11 R13 3rd 03 May 2007 — s i it
4th 04 May 2008 Index donation — +2 — +
Sth 24 Feb 2009 Final donation N.D. N.D + +
D12} — 18th 14 Jan 2003 s — — —
19th 05 Oct 2004 Index donation —_ +2 — e
20th 31 Mar 2005 Final donation N.D. — —— +
D13 — 8th 16 Mar 2004 — — — —
9th 25 Mar 2005 [ndex donation —_ +2 — —
10th 12 Jan 2006 Final donation N.D. — — -+
D14? — 19th 10 Jun 2007 — — — -
20th 21 Oct 2007 Index donation — +2 — —
21st 24 Jul 2008 Final donation N.D. — — +

N.D., not done.

'D1 was identified as HBV carrier based on the hospital reports. No laboratory da of the fifth donation were available. because the fifth donation

was not done.
“HBV DNA analysis using repository samples,
*The components from these donations were not transfused.

C and they were identical except for one nucleotide at nt
533, which was C for the donor and A for the recipient.
Thus, R1 was infected by HBV in the RBC component
offered by DI.

€ 2010 The Authors

Cuse 2: Look-back study of the repeat donations

D2 donated blood nine times. The blood at the final
donation (the ninth donation on 4 May 2005) was
HBcAD positive. although it was ID-NAT negative. The

Transfusion Medicine © 2010 British Blood Transfusion Society, Transfusion Medicine. 21. 107115
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Table 6. Recipients involved in HBV-infected blood transfusion incidents

Recipient Transfusion Examination date Examination Diagnosis
Case (age, sex)!  Donor Component date (days after transtusion) result of TTHBI Present state
I RI (63y, M)* DI RBC 22 May 2002 13 Nov 2002 (175) . Positive for HBV Definite  Dead
DNA
31 Jan 2003 (254) Positive for HBsAg
02 Apr 2003 (315)  Positive for HBcAb
~29 Oct 2003 (525)  Negative for HBsAb
2 R2(63y. M) D2 RBC 15 Oct 2004 20 May 2005 (217)  Positive for HBsAg, Definite  Alive
HBc¢Ab and HBV
DNA
Negative for HBsAb
3 R3Sy, M) D3 FFP 03 Jun 2008 08 Oct 2008 (127)  Negative for HBsAg, Uncertain Alive
HBcAb, HBsAb
and HBV DNA
4 R4 @®7v.F) D3 RBC 16 Oct 2007 13 Aug 2008 (302 )  Negative for HBV Uncertain  Alive
DNA
5 RS (58y. F) D4 RBC 22 Mar 2005 20 Jan 2006 (304) Negative for HBsAg  Uncertain Dead
31 Oct 2007 (953)  Negative for HBsAg
09 Mar 2008 (1083) Negative for HBsAg
6 R6(68y, M) D35 RBC 29 Sep 2008 07 Jan 2009 (100)  Negative for HBsAg  Uncertain  Alive
and HBsAb
7 R7 (6ly, M)y D6 PC 27 Jan 2006 N.D. N.D. Uncertain  Dead
8 R8(67y.F) D7 FFP 09 Aug 2005 N.D. N.D. Uncertain  Dead
9 R9B2y.F) D7 RBC 12 Dec 2004 N.D. N.D. Uncertain No available
information
10 RI10(75y. M) D8 PC 08 Jul 2006 N.D. N.D. Uncertain Dead
It RIIl(65y. M) D9 RBC 14 Sep 2006 N.D. N.D. Uncertain  Dead
12 RI2(65y.F) DIO PC 03 Feb 2007 N.D. N.D. Uncertain  Dead
13 RI3 (75y, M) DIl RBC 12 May 2008 N.D. N.D. Uncertain Dead

RBC. red blood cells: FFP, fresh frozen plasma: PC. platelet concentrate: N.D.. not done.

"Age; age af tansfusion of HBV-infected blood.

*The index case was found in the hospital reports. Other cases were identified in the look-back study of the repeat donors.

look-back study proved that the repository tube of the
index donation (the eighth donation on 11 October
2004) was ID-NAT positive, but HBV infection was not
detected by the regular 20-MP-NAT, HBsAg and HBcAb
screening tests (Table 5). On the basis of these findings.
it seemed that D2 was in the window period of HBV
infection at the index donation.

R2 was a 63-year-old male with severe anaemia who
had been transfused with the index RBC component
derived from D2 on 15 October 2004. According to the
hospital record, his HBsAg was negative on 13 October
2004 and his HBV DNA was positive 217 days after the
date of transtusion (Table 6).

To confirm that HBV was transmitted through the
blood from D2, HBV strains of the donor and the
recipient were determined by the PCR/direct-sequencing
method. The sequences in both samples showed geno-
type C and they were identical except for one nucleotide
at nt 519, which was R for the donor and A for the

recipient. Thus, R2 was infected by HBV in the RBC
component offered by D2.

Cuse 3: Look-back study of the repeat donations

D3 donated blood seven times. The blood at the final
donation (the seventh donation on 20 July 2008) was
HBcAb positive, although it showed ID-NAT negative.
The look-back study proved that the repository tube of
the index donation (the sixth donation on 9 October
2007) was ID-NAT positive, but HBV infection was not
detected by the regular 20-MP-NAT, HBsAg and HBcAb
screening tests (Table 5). On the basis of these findings,
it seemed that D3 was in the window period of HBV
infection at the index donation.

R3 was a 51-year-old male with infectious endocardi-
tis and he had been transfused with the index fresh
frozen plasma (FFP) component derivéd from D3 on 3
June 2008. According to the record in the hospital, his

© 2010 The Authors
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Fig. 1. HBV markers and ALT of R1. Rl was negative for
HBsADb during the observation period.

HBsAg, HBsAb, HBcAb and HBV DNA were negative
after 127 days from the date of transfusion (Table 6).

Case 4: Look-back study of the repeat donations

R4 was an 87-year-old female with bone fracture and
she had been transfused with the index RBC component
donated from D3 on 16 October 2007. According to the
record in the hospital, her HBV DNA was negative after
302 days from the date of transfusion (Table 6).

Case 5: Look-back study of the repeat donations

D4 donated blood nine times. The blood at the final
donation (the ninth donation on 19 December 2008) was
HBcADb positive, although it showed ID-NAT negative.
The look-back study proved that the repository tube of
the index donation (the eighth donation on 16 March
2005) was ID-NAT positive. but HBV infection was not
detected by the regular 20-MP-NAT, HBsAg and HBcAb
screening tests (Table 5). On the basis of these findings,
it seemed that D4 was in the window period of HBV
infection at the index donation,

© 2010 The Authors
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RS was a 58-year-old female with aplastic anaemia
and she had been transfused with the index RBC com-
ponent derived from D4 on 22 March 2005. According
to the record in the hospital. her HBsAg was negative
after 4 months from the date of transfusion. after 304,
953 and 1083 days (Table 6).

Cuse 6: Look-back study of the repeat donations

DS donated blood 13 times. The blood at the final
donation (the 13 donation on 15 February 2009) was 20-
MP-NAT positive and it also showed ID-NAT positive.
The look-back study proved that the repository tube of
the index donation (the 12th donation on 14 September
2008) was ID-NATpositive, but HBV infection was not
detected by the regular 20-MP-NAT, HBsAg and HBcAb
screening tests (Table 5). On the basis of these findings,
it scemed that DS was in the window period of HBV
infection at the index donation.

R6 was a 68-year-old male with chronic renal failure
and he had been transfused with the index RBC compo-
nent derived from DS on 29 September 2008. According
to the record in the hospital, his HBsAg and HBsAb
were negative after 100 days from the date of transfusion
(Table 6).

Cuases 7—13: Look-back study of the repeat donations

The index donations of D6 in Case 7, D7 in Cases 8 and
9, D8 in Case 10, D9 in Case 1l and D10 in Case 12
were ID-NAT positive. but their HBV infection was not
detected by the regular 20-MP-NAT. HBsAg and HBcAb
screening tests (Table 5). On the basis of these findings,
it seemed that they were in the window period of HBV
infection at the index donation.

The examination data of the recipients, R7 in Case 7.
R8& in Case 8. RY in Case 9, RI0 in Case 10, R11 in
Case 11, R12 in Case 12 and R13 in Case 13, were not
available in this study.

The index blood components derived from D12, D13
and D14 were not transfused.

DISCUSSION
New HBV infection in the repeat donors

We identified the repeat donors who ‘seroconverted” to
either HBV DNA in MP-NAT, HBsAg or HBcAb in
the look-back study during the period 1 April 2005 to
31 March 2009. If these were all true seroconversions,
the incidence of new HBV infection among the repeat
donors in Japan and Hyogo-Prefecture would be 1 : 1700
and 1 : 2600 in 4 years, i.e. | : 425 and 1 : 650 in a
year. The value may be helpful to estimate the incidence
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of new HBV infection in Japan and Hyogo-Prefecture,
although it may not be the true incidence of new HBV
infection.

Frequency of transfusion incidents with HBV-infected
blood negative for MP-NAT

We calculated the transfusion incident frequency of
HBV-infected blood negative for MP-NAT as 1/53 000-
72 000 donations in the current JRC system, based on the
look-back study data of the repeat donations. However,
it should be noted that the frequency is only a minimum
estimate, because donations from first time donors were
not be evaluated in the look-back study among the repeat
donors.

In addition. even ID-NAT does not always detect a
donor with a low copy number of HBV. Some donors
with intermittent ID-NAT detectable viremia may not
be detected in any HBV screening system. Inaba ef al.
(2006) reported a case of an occult HBV carrier who did
not constantly show ID-NAT positive results. The case
of Inaba et'al. suggested that it is necessary to repeat
ID-NAT even after the repository tube is once found to
be ID-NAT negative.

Incidence of TTHBI due to transfusion with
HBV-infected blood negative for MP-NAT

The exact TTHBI incidence in the current JRC system
could not be estimated. Two factors hampered estimation
of the exact TTHBI incidence: (i) more than half of the
recipients who were transfused with HBV-infected blood
escaped from the follow-up study and (ii) recipients may
become HBV positive after the observation period is
over.

In Japan, only ‘ID-NAT at 3 months after transfusion’
is reccommended by the Guideline of Ministry of Health,
Labour and Welfare of Japan, because it is thought that
recipients will turn out ID-NAT positive within 3 months
after HBV-infected blood is transfused (Schreiber er al..
1996: Comanor & Holland. 2006). However, in a recip-
ient. R1, in our study, the period length of the ID-NAT
negative window period was more than 161 days. Only
‘ID-NAT investigation at 3 months after transfusion’
may not be enough to prove the absence of HBV trans-
mission in some recipients.

Our ideas are supported by the report ot Satake er al.
(2007). They reported the difficulty of following the
recipients who had been transfused with HBV-infected
blood. In those days they screened for HBV with 50-MP-
NAT. According to the nationwide data during the period
between 2000 and 2004, 12 of the 181 recipients who
had been transfused with HBV-intected blood (6-6%)
were cases of TTHBI (Satake er al., 2007). Fifty-one of

the 181 recipients showed no evidence of HBV infection
after index transfusion during their observation period.
However, there is no information on whether these 51
recipients stayed in HBV-free status after the observation
period. In addition, a total of 104 patients died without
leaving any test results regarding HBV infection. This
result also suggests that it is difficult o know the exact
TTHBI incidence.

Prolonged window period dite to long incubation before
ID-NAT positive

In this study, we reported a recipient with MDS, R1,
who showed no liver dysfunction, no elevation of
serologic markers of HBV infection and no detection
of HBV DNA until 175 days after transfusion of ID-
NAT positive blood. The delayed appearance of HBV
may be explained by two factors: (i) a very low copy
number of HBV in the transfused blood and (ii) the
immunosuppressive condition of the recipient.

Regarding the longer window period in the immune
suppressed patients, it is difficult to explain. Immunosup-
pressive cffect may shorten the window period and facil-
itate viral replication. However, Wendel er al. (2008)
suggested a possibility that some free virus may have
persisted in the liver, escaping the immune system until
the level of immunodeficiency was such that viral repli-
cation could take place. They also reported two cases
of immunodeficient recipients who were transfused with
blood components from a single unit containing a very
low level of HBV. One of these recipients had acute
lymphoblastic leukaemia (ALL) and developed an acute
HBYV infection 13 months after transfusion despite car-
rying vaccine-induced HBsAb. The other recipient. who
had MDS and received platelets from the same donation
while receiving major chemotherapy, remained unin-
fected.

Unusual circumstances, such as chemotherapy or
immunosuppression, can considerably modify the vari-
ables classically defining the early stages of a viral
infection. When transfused with HBV-infected blood.
immunosuppressive recipients need long-term examina-
tion, even if HBV-negative data are obtained at 3 months
after transfusion (Hollinger & Dodd, 2009).

Then, a question arises how long it is necessary to
observe the recipients after transfusion. It is not casy to
answer this question. According to the report of Yuki
et al. (2003), 14 patients who were recalled at a median
of 4.2 vears (range: 1-8-9:5 years) after the onset of
acute hepatitis B all showed clinical and serologic recov-
ery with circulating HBsAg clearance. However. PCR
analysis showed that 3 of these 14 patients had low levels
of circulating HBV DNA for up to 4.6-8-9 years after
the onset. Although Yuki et a/. did not show the exact

© 2010 The Authors
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immunological state of their patients, a much longer
observation period may be required than had ever been
considered. Regarding the observation period after blood
transfusion, we can say that it should be longer than
6 months, based on our experience with R1.

Conclusion

In the current Japanese look-back study, we can find the
transfusion cases due to HBV-infected blood that could
not be detected by serological tests or MP-NAT. On the
basis of the look-back study among the repeat donors in
Hyogo-Prefecture, Japan, donations with HBV-infected
blood negative for MP-NAT occurred with a frequency
of 13 in 685 844 donations (~1/53 000 donations). How-
ever, more than half of the recipients transfused with

HBV-infected donations found in look-back studies 115

HBV-infected blood negative for MP-NAT could not be
followed up. It is therefore necessary to establish a more
cautious follow-up system.
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Letter to the Editor

Single amino acid substitution in the hepatitis B virus surface
antigen (HBsAg) “a” determinant affects the detection sensitivity
of an HBsAg diagnostic kit

Dear editor:

Hepatitis B virus surface antigen (HBsAg) is one of the most important
serological markers used in the diagnosis of HBV infection. HBV has been
classified into 8 genotypes, designated A to H [1-4]. In our previous report
[5], we evaluated the sensitivity of 10 commercially available diagnostic
kits to recombinant HBsAgs encoded by HBV of genotypes A to H. None of
the diagnostic kits examined failed to detect HBsAg of all the genotypes (A
to H) at a concentration of 1.0 IU/ml. When the HBsAg samples were
tested at a lower concentration (0.2 IU/ml), 9 out of 10 kits gave positive
results, i.e. cut-off index (COI) = 1.0, but 1 kit, Lumipulse Il HBsAg, failed to
give positive results for genotypes E and F. In this study, we compared the
amino acid sequences of the HBsAg “a” determinant among HBV
genotypes.

Amino acid-substituted HBsAgs, i.e., S140T, for genotypes E and F were
synthesized as follows: the S genes of genotypes E and F were cloned into
the eukaryotic expression vector pEF6/V5-His (Invitrogen Co,, San Diego,
CA), as previously described [5]. We constructed the amino acid-
substituted HBsAg mutants, $140T, by inverse PCR of the whole plasmids
with KOD-plus polymerase (Toyobo Co., Ltd., Osaka, Japan) following the
thermal cycler protocol; denaturation for 2 min at 94 °C and 30 cycles of
denaturation at 94 °C for 1 s, annealing at 55 °C for 30 s, and extension at
68 °C for 6 min 30 s. Primers for PCR of the plasmid of genotype E were as
follows: forward eS140T-Fw409-430, 5'-ATGTTGCTGTACAAAACCTTCGG-
3'; reverse eS140T-Rv408-389, 5'-GAGGGAAACATAGAGGTTCC-3'. Pri-
mers for genotype F plasmid were as follows: forward £5140T-Fw409-430,
5'-CTGTTGCTGTACCAAACCCTCGG-3’; reverse fS140T-Rv408-389, 5'-
GAGGGAAACATAGAGGTTCC-3'. Underlined characters in these DNA
sequences refer to codon S140T in the S protein and boldface characters
indicate the substituted nucleotide that was T in the wild-type sequence,
PCR products were separated by agarose gel electrophoresis and isolated
with the MinElute Gel kit (Qiagen GmbH, Germany), circularized using
the Blunting Kination Ligation kit (Takara Bio Inc,, Ohtsu, Japan), and used
to transform TOP 10 Chemically Competent Escherchia coli cells (Invitro-
gen). The entire S gene regions of the resulting plasmids were sequenced
to confirm that they had the desired substitution and no other mutation
(data not shown). The above kits were used according to the respective
manufacturer’s instructions.

Huh-7 cells grown in two 6-well culture plates (Invitrogen) were
transiently transfected with each HBsAg plasmid as previously described
[5]. After 3 days of culture, approximately 40 ml of culture supernatant
was harvested and filtered through a membrane filter with pore size of
0.45 mm (Millex® Filter Unit; Millipore Co., Billerica, MA). The super-
natants were concentrated with Amicon Ultra-15 K10 (Millipore Co.) to
one-fifth of the volume. The concentration of each recombinant HBsAg
sample was tentatively determined using {expressed in IU/ml) Architect
HBsAg QT (Abbott Japan Co, Ltd, Chiba, Japan), which is the only

0009-8981/$ ~ see front matter © 2010 Elsevier B.V. All rights reserved.
doi:10.1016/j.cca2009.12.020

quantitative assay kit approved in Japan. The samples were diluted to
make 2-fold serial dilutions at concentrations of 1.6 IU/mi to 0.1 IU/ml
with a multi-marker negative matrix (Accurum 810; BBI Co. Ltd., Boston,
MA). The test samples were measured with 2 diagnostic kits ~ Lumipulse I
HBsAg and Lumipulse Presto HBsAg (Fujirebio Co. Ltd., Tokyo, Japan) -
according to the manufacturer's instructions and the results were
expressed as the COL

Comparison of the amino acid sequences of the HBsAg “a” determinant
among HBV genotypes revealed that the amino acid at position 140 was T
(threonine) in all genotypes except E and F but was S (serine) in
genotypes E and F (Fig. 1A). We therefore synthesized amino acid-
substituted HBsAgs, i.e., $140T, for genotypes E and F. As shown in Fig. 1B,
$140T of both genotypes, E and F, tested positive, ie., COI=1.0, by the
Lumipulse I HBsAg kit even at a low concentration (0.1 [U/ml) of HBsAg,
These results indicated that a single amino acid substitution in the HBsAg
“a” determinant affects the sensitivity of the Lumipulse Il HBsAg kit. In
response to these results, Fujirebio Inc., the manufacturer of the Lumipulse
11 HBsAg kit, improved the sensitivity of the kit by optimizing it for the
amounts of the two types of monoclonal antibody used. As shown in
Fig. 1, the improved kit, named Lumipulse Presto HBsAg, was able to
detect a concentration of HBsAg as low as 0.1 [U/ml regardless of the
substitution at amino acid 140.

In this report, we demonstrate that a single amino acid
substitution affects the sensitivity of an in vitro diagnostic kit for
HBsAg detection. This issue has been of wide concern because it was
well documented that some diagnostic kits failed to detect particular
mutant HBsAgs that have an aming acid substitution in the “a”
determinant, such as a Gly/Arg mutation at amino acid 145, i.e., G145R
[6-8]. Our study clearly verified the influence of amino acid
substitution in the HBsAg “a" determinant on the detection capacity
of a diagnostic kit by using the amino acid substitution technique.

The effect of an amino acid substitution on the sensitivity of
diagnostic kits may not be restricted to detection kits for HBsAg. The
phenomenon reported here should be borne in mind when using in
vitro diagnostic kits not only for HBsAg but also for other analytes,
such as HCV core Ag and HIV Ag. In fact, our recent study
demonstrated that a single amino acid substitution within the HCV
core antigen sequence reduced the sensitivity of a commonly used
immunoassay [9].

In conclusion, we have verified that a particular amino acid residue
in the HBsAg “a” determinant of a particular HBV genotype is critical
for HBsAg detection sensitivity. Furthermore, it was demonstrated
that optimization for the amounts of monoclonal antibodies improved
the sensitivity of an HBsAg detection kit. These results indicate that
caution should be exercised when detecting HBsAgs of various
genotypes as well as mutant HBsAgs.
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Fig. 1. A Comparison of amino acid sequences of HBsAg “a” determinants of various HBV genotypes. Accession numbers for amino acid sequences of genotypes A to H shown in the figure
are listed below. Genotype A (AY902775, http://www.ncbi.nlm.nih.gov/nuccore/59802797); genotype B (AY293309, hitp://www.ncbinlm.nih.gov/nuccore/38147024); genotype
C (AY205125, http://www.ncbi.nlm.nih.gov/nuccore/60279615); genotype D (AY796032, http://www.ncbi.nlm.nih gov/nuccore/56090033); genotype E (DQO60829, http://www.ncbi.
nlm.nih.gov/nuccore/70794948); genotype F (AY090458, hitp://www.ncbi.nim.nih.gov/nuccore/22135721); genotype G (AB0S56516, http:/;www.ncbinlm.nih.gov/nuccore/15425700);
genotype H (AB179747, http://www.nchi.nlm.nih.gov/nuccore/60115422). B: Detection of recombinant HBsAg derived from genotypes E (Ew.t.} and F (F w.t.) and their amino acid-
substituted counterparts (ES140T and F $140T) by Lumnipulse Il HBsAg and C: Lumipulse Presto HBsAg kits. Each point indicates the mean of triplicate results. Error bars are too short to be

indicated. Dashed lines indicate COl=1.0.
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