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Abstract

Genetic variability of the hepatitis B virus (HBV) constitutes one of the major challenges for diagnosis of HBV infection. It is plausible that
amino acid substitutions in the “a” determinant of the HBV surface antigen (HBsAg) that affect antigenic sites, whether originating from genetic
diversity or from mutations in the HBV strain itself, will affect the sensitivity of some diagnostic kits. In fact, recent studies have indicated that some
diagnostic kits had false negative results with particular HBsAg mutants. There have been, however, few substantial studies evaluating sensitivities
of diagnostic kits to the HBsAg encoded by different HBV genotypes. Our recent study found that 10 diagnostic kits available in Japan were able
to detect HBsAg irrespective of whether it originated from HBV genotypes A, B or C, with the latter two genotypes being the dominant species
in East Asia. In this study, we extended our previous efforts by assessing the ability of diagnostic kits to detect recombinant HBsAg derived from
HBYV genotypes A to H. Our results demonstrated that 9 out of 10 diagnostic kits evaluated were able to detect as low as 0.2 International Units
(IU)Yml HBsAg, irrespective of HBV genotype. The genotypic differences in the HBV family thus appear to have little impact on the sensitivity

of currently available HBsAg diagnostic kits.
© 2006 Elsevier B.V. All rights reserved.
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Based on an intergroup divergence of 8% or more in the com-
plete nucleotide sequence of approximately 3200 nucleotides,
HBYV has been classified into eight genotypes, designated as
A to H (Okamoto et al., 1988; Norder et al., 1994; Stuyver et
al., 2000; Arauz-Ruiz et al., 2002). The prevalence of specific
genotypes varies geographically: genotypes A and D are widely
distributed throughout the Old World, while genotypes B and C
are dominant in East Asia. Furthermore, the distribution of HBV
genotypes may vary over time and with population migration. It
is therefore critical for diagnostic kits to be able to detect HBsAg
encoded by various HBV genotypes with comparable sensitivity.
Moreover, given the accumulating body of evidence that certain
HBV genotypes correlate with disease features and treatment
outcomes, including the severity of liver disease (Mayerat et

Abbreviations: HBYV, Hepatitis B virus; HBsAg, Hepatitis B virus surface
antigen; IU, International unit
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al., 1999; Kao et al., 2000a; Orito and Mizokami, 2003), HBe
antigen seroconversion (Chu et al., 2002; Ishikawa et al., 2002),
and susceptibility to anti-viral drugs (Kao et al., 2000b; Wai et
al., 2002; Kao et al., 2002; Zollner et al., 2004), from a treat-
ment perspective the specificity and sensitivity of assays for
sub-typing HBV genotypes is also critical. In our previous report
(Mizuochi et al., 2005), we evaluated the sensitivity of 10 diag-
nostic kits to serum/plasma samples containing HBsAg as well
as recombinant HBsAg encoded by HBV of genotypes A, B, and
C. None of the diagnostic kits examined failed to detect HBsAg
of genotypes A, B, and C at the concentration of 0.2IU/ml.
Furthermore, there was no difference between naturally derived
antigens, i.e. serum/plasma samples, and recombinant antigens
in the outcome of assays. In the present study, we sought to
extend our previous study by evaluating the same diagnostic
kits for their sensitivity to HBsAg encoded by HBV of all the
genotypes reported to date, i.e. A to H.

Plasma specimens of HBV Genotypes A and D were obtained
from International Reagents Corporation (Kobe, Japan).
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Table 1
HBsAg diagnostic kits used in this study
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No. Method Antibody (capture/detection)
1 CLIA Monoclonal/polyclonal
2 EIA Monoclonal/polyclonal
3 CLIA Monoclonal/polyclonal
4 EIA Monoclonal/polyclonal
5 EIA Monoclonal/monoclonal(x2)*
6 CLEIA Polyclonal/monoclonal({ x2)*
7 CLEIA Monoclonal/monoclonal(x2)*
8 EIA Polyclonal/monoclonal
9 CLIA Monoclonal/monoclonal

10 CLIA Monoclonal/monoclonal

CLIA: Chemiluminescent immunoassay; EIA: enzyme immunoassay; CLEIA:
chemiluminescent enzyme immunoassay.
8 (x2): Two different monoclonal antibodies.

Genotypes B and C were kindly supplied by Taiwan FDA and
Japanese Red Cross, respectively. GenotypesE, F, G, and H were
purchased from Teragenix Co. (Ft. Lauderdale, FL, USA). All
the HBV full genomes except for genotype H were cloned into
plasmids by the method described by Giinther et al. (1995). All
the plasmids containing HBV full genomes were able to produce
HBsAg in culture supernatant by transfection into HuH-7 cells
(Nakabayashi et al., 1982) with lipofectin reagent (Invitrogen
Co., San Diego, CA, USA). The amount of HBsAg produced
by each genotype of HBV is highly variable, depending on the
promoter activity of each clone (data not shown). To minimize
this variation among the genotypes, S genes were amplified by
PCR from plasmids containing HBV full genomes and then
cloned into the pEF6/V5-His (Invitrogen Co., San Diego, CA,
USA) which has the elongation factor-1o promoter to express
the inserted S genes. The S gene of genotype H was amplified
with DNA extracted from the plasma sample by PCR and cloned
into the same plasmid. The genotypes of all the cloned S genes
were determined by sequencing. Three micrograms plasmid of
each genotype were transfected into 2 x 10° HuH-7 cells/well in
a six-well culture plate (Asahi Technoglass Co., Chiba, Japan)
with 10 pg lipofectin reagent (Invitrogen Co., San Diego, CA,
* USA), and the cells were cultured at 37 °C in 5% CO,. Culture
supernatants were harvested after 3 days and stored at —20°C
until use.

The concentration of each recombinant HBsAg sample was
tentatively determined by utilizing ARCHITECT HBsAg QT
(Abbott Japan Co. Ltd., Chiba, Japan), which is the only quanti-
tative assay kit approved in Japan, and expressed in IU/ml. The
concentration of each sample was adjusted to 10IU/ml with
a multi-marker negative matrix (Accurun §10; BBI Co. Ltd.,
Boston, MA, USA). The samples were subsequently diluted to
make two different concentrations (0.2 and 1.0IU/ml). These
test samples of various HBV genotypes were analyzed with
10 diagnostic kits as listed in Tables 1 and 2. Tests were per-
formed according to the manufacturer’s instruction and results
were expressed as C.O.I. (cut-off index) as shown in Fig. 1A and
B. All of the HBsAg samples, irrespective of their HBV geno-
type, tested positively in all assay kits at the concentration of
1.0IU/ml (Fig. L A). When the HBsAg samples at the lower con-
centration (0.2 IU/ml) were tested, 9 out of 10 kits gave positive

Table 2
HBsAg diagnostic kits used in this study listed in alphabetical order of
manufacturers

Product name Manufacturer
AxSYM HBsAg Abbott Japan Co. Ltd.
IMx HBsAg Abbott Japan Co. Ltd.
ARCHITECT HBsAg Abbott Japan Co. Ltd.
PRISM HBsAg Abbott Japan Co. Ltd.
ADVIA Centaur HBsAg Assay Bayer Medical Ltd.
VIDAS HBsAg Ultra bioMerieux Japan Ltd.
Monolisa HBsAg Bio-Rad Fujirebio
Lumipulse II HBsAg FUJIREBIO INC.
Vitros Immunodiagnostics Ortho-Clinical

Products HBsAg Reagent Pack
Elecsys HBsAg

Diagnostics K.K.
Roche Diagnostics K.K.

Note: The order of kits in this table is not corresponding to that of Table 1.

results. Only one kit (No. 8) gave negative results for the HBsAg
of genotypes E and F (Fig. 1B). This sensitivity (0.2-1.01U/ml)
approaches the satisfactory criterion according to the “Guidance
for Industry” issued by the FDA or the “CTS” (Common Techni-
cal Specification) defined by the EU. Only one kit failed to give
positive results for the low concentration of HBsAg (0.2 IU/ml)
encoded by the HBV of genotypes E and F (Fig. 1B). The results
shown in this study thus confirmed the sensitivity of currently
available diagnostic kits to HBsAg encoded by HBV of geno-
types A to H.

Since HBsAg genotypes F and H are genetically distant from
the other six genotypes (Norder et al., 2004), concerns have
been raised as to the ability of the detection of these genotypes
by currently available diagnostic kits. The data in this study
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Fig. 1. Detection of recombinant HBsAg (A: 1.01U/ml, B: 0.2 IU/ml) derived
from HBV of genotypes A to H were assayed by utilizing 10 diagnostic kits
listed in Tables 1 and 2. Results were expressed as C.Q.1. (cut-off index). The
inserted horizontal lines indicate “C.0.1.=1.0”.
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show that 9 out of 10 kits tested are capable of detecting as
low as 0.21U/ml HBsAg including HBV genotypes F and H,
alleviating this concern.
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