donors were kindly provided by Hokkaido Red Cross Blood
Center. They were genotyped by direct sequencing and found
to be of cither genotype B or C. Genotype A HBsAg-positive
plasma samples were obtained from International Reagents
Corporation (Kobe, Japan). Recombinant HBsAg of geno-
types A, B, and C were obtained from culture supernatants of
genotype-defined HBV gene-transfected HuH-7 cells. In brief.
extracted HBV-DNA from HBsAg-positive plasma was
amplificd by using a TaaRa LA PCR™ Kit (ver.2.1; TaKaRa,
Tokyo, Japan) with sense primer GGCTCTTCTTTTTCA
CCTCTGCCTAATCA (1821-1841) and antisense primer
GGUTCTTCAAAAAGTTGCATGGTGCTGG (1825- 18006),
both of which were modified by Glinther et al. (19). Sapl
sites sequences (bold letters) were added to remove HBV
DNA from vector. The amplified HBV full genomes were
cloned using a TOPO XL-PCR cloning kit (Invitrogen,
Carlsbad, Calif., USA) and their genotypes were determined
by scquencing. The plasmids containing HBV full genomes
were transfected into HuH-7 by lipofectin reagent (Invitrogen).
Culture supernatants were harvested after 2 days and stored
at -20°C unti] use.

Diagnostic kits for HBsAg: The 10 diagnostic kits uti-
lized in this study are listed in Table {. Tests were performed
according to the manufacturer’s instruction.

Statistical analysis: Statistical analyses were carried out
using Student’s 1 test.

RESULTS

The HBsAg concentration of each specimen was first
determined by utilizing ARCHITECT HBsAg QT (Abbott
Japan Co., Ltd., Chiba, Japan), which is the only quantitative
assay kit approved in Japan, and expressed in {U/ml. The
concentration of cach specimen was adjusted to 10 LU/ml with
a multi-marker negative matrix (Accurun 810; BBI Co., Ltd.,
Boston, Mass., USA). Specimens were then diluted to make
test samples of three different concentrations, i.c., 0.04, 0.2,
and 1.0 1U/ml. These test samples derived trom various
HBV genotypes were then analyzed with 10 diagnostic kits,
including ARCHITECT HBsAg QT, as shown in Table 1. In
the preliminary experiments, cach specimen was analyzed
by 10 different diagnostic kits and the reactivity, which was
expressed as 1U/ml, COI (cut off index), or other measures
depending on the kit utilized, was plotted along with the
arbitrary HBsAg concentration pre-determined by ARCHI-
TECT HBsAg QT. The measures were intentionally omitted

Table 1. 11BsAg diagnostic kits used in this study

No. Method Antibody (capturc/detection)
! CLIA monoclonal/polyclonal

2 EIA monoclonal/polyclonai

3 CLIA monoclonal/polycional

4 EIA monaoclonat/poltyclonat

5 EIA monoclonal/monoclonal(x 2)"
6 CLEIA polyclonal/monocional{x 2)"
7 CLEIA monocional/monocional(x 2)*
8 CLEIA polyelonal/menocional

9 CLIA monocional/monoclonal

10 CLIA monoclonal/monacional

CLIA; chemiluminescent immunoassay.

EIA: enzyme immunoassay.

CLETA: chemiluminescent enzyme immunoassay.
(X 2): Two different monoclonal antibodies.

from the y-axes of Fig. 1 so that the kits could not be
identified. Each curve showed a good linearity, at least in the
range from 0.04 1U/ml to 1.0 [U/ml of HBsAg (data not
shown). Therefore, values corresponding to the concentra-
tion of 0.2 1U/ml HBsAg were chosen and plotted for cach
genotype as shown in Fig. I. It was concluded that all the
HBsAg samples, irrespective of their genotypes, tested posi-
tive in every assay Kit, at least at the concentration of 0.2 1U/
ml. There were, however, considerable differences in the
sensitivity to HBsAg of various HBV genotypes in some
assay kits. For example, in kit no. 7, sensitivity to genotype
B was significantly lower than those to genotypes A and C.
Figurc 2 summarizes the difference in sensitivity to various
genotypes in cach assay kit. Assay kitsno. 1 to 4 and 8 to 10
showed a marginal variability in sensitivity to the HBsAg of
the three different genotypes as the ratio against genotype A
was close to 1.0 in each of these kits. In contrast, assay kits
no. 5 to 7 showed a considerable variability in sensitivity to
cach genotype.

DISCUSSION

In the present study, 10 highly sensitive diagnostic kits (EIA
[enzyme immunoassay], CLIA [chemiluminescent immuno-
assay], and CLEIA [chemiluminescent enzyme immuno-
assay] kits) currently available in Japan were examined for
their sensitivity to HBsAg encoded by HBYV of three distinct
genotypes, A, B, and C. It was concluded that all the kits
examined were able to detect HBsAg of all the genotypes at
the concentration of 0.2 [U/ml. This is a sufficient level of
sensitivity according to the “Guidance for Industry” issued by
the FDA (20) or the “CTS” (Common Technical Specifica-
tion) defined by the EU (21). Our results thus validated the
sensitivity of all the diagnostic kits to HBsAg of genotypes
A, B, and C, which are dominant in Japan. However, it was
concurrently demonstrated that some diagnostic kits showed
a substantial difference in sensitivity to the three genotypes
(Figs. 1 and 2, kit no. 5, 6, and 7). This apparent sensitivity
difference may stem from the antibodies employed in the
“capture” or “detection” phase in the diagnostic kits. As shown
in Table 1, kits no. 1 to 4 employed a mAb for the “capture™
phase and a polyclonal antibody (pAb) for the “detection”
phase. These four kits showed littlc or no sensitivity differ-
ences to the three genotypes (Figs. | and 2). A similar result
was obtained for kit no. 8, which employed a pAb for
“capture” and a mADb for “detection”, In the casc of kit no. 7,
however, there was a noticeable difference in sensitivity to
the three genotypes. As shown in Table 1, kit no. 7 employed
amAb for both “capture” and “detection”. Both of these mADbs
may have had a poor affinity to the amino acid residues unique
to genotype B. On the other hand, kits no. 5, 6, and 7 had a
higher sensitivity to genotype C than to the other genotypes
(Figs. 1 and 2), probably because the antibodies employed
in these kits have a high affinity to the amino acid residucs
unique to genotype C. Kits no. 9 and 10 showed only a slight
difference in sensitivity to the three genotypes (Figs. 1 and
2), despite the fact that both kits employed a mAb for both
the “capture” and “detection” phases. The manufacturer’s
unpublished information revealed that they employed two
mAbs with different epitope specificities. One of the mAbs
recognizes the “loop 17 region (a.a. 124-137) of the “a”
determinant, whereas the other recognizes the “loop 27
region (a.a 139-147). Since the “loop 17 region is assumed
to be more conserved among various genotypes than the
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Fig. 1. 1BV genotypic preferences of each test kit. Detection of HBsAg derived from HBV of genotypes A, B, and C. A totad
of 30 specimens containing HBsAg (0.2 1U/ml), including 7 samples of genotype A (B), 13 samples of genotype B (A,
and 10 samples of genotype C (¥), were assayed by utilizing 10 diagnostic kits listed in Table 1. Horizontal bars indicate
the means of measured values. The number in the parenthesis is the cut-off value for each diagnostic kit to evaluate the
reactivity of a specimen. Statistically significant (P < 0.1) differences in the mean measures befween two genotypes were
noticed in the folowing kits, No. : B vs. C. No. 6: Avs. Band B vs. C. No. 77 A vs. BB vs. Coand C vs. A

EYY

“loop 2” region, kits no. 9 and 10 were able to detect all the
genotypically distinct HBsAg with only minimal divergence.

These results are reminiscent of the previously published
studics that pointed out the failure of some diagnostic kits
in detecting mutant HBsAg (3,22-25). In those studics,
monoclonal-based assays often failed to detect mutant

HBsAg, such as the G145R mutation in the “a” determinant
region. It was also suggested that mutations affecting immuno-
assay performance occurred mainly in the “loop 27 region
(3).

In conclusion, all the diagnostic kits examined in this
study were able to detect HBsAg regardless of their HBY
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Fig. 2. Comparison among various HBsAg diagnostic kits. Variation
i sensitivity of H) diagnostic kits to HBsAg of genotypes AL B, and
¢ The mean value obtained by cach diagnostic kit was divided by
the corresponding value obtained by ARCHITECT [1BsAg QT to
normalize it. Then the caleulated value for genotype B specimen was
divided by the caleulated value for genotype A to obtain the ratio of
“penotype BB vs. penotype A” In the same way, the ratio of “genotype
C vs. genotype A™ was caleulated. For each diagnostic kit, therefore.
the ratio for genotype A is always * 1" and the ratios for genotypes B
and C arc expressed as the bar's height. Since we utilized ARCHI-
TECT HBsAg QT as a tentative standard. the ratios of this kit are
theoretically £, {f the ratio is close to “17, the variation in sensitivity
to genotype B (or gentoype C) would be minimum, whereas, if not,
the variation would be substantial.

genotypes. In some kits, however, sensitivity was signifi-
cantly diversified among the three HBV genotypes. When
mAbs are utilized for both the “capture” and “detection” phases,
it is recommended that at least one antibody recognizes an
cpitope that is conserved among HBV genotypes.
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. (SUMMARY) ERNTERFEEN T3 10 BEDO FERE
. HBsHUEMREF v b 2T, HBV(BEFLY A v
 R)genotype A, B, C Hi3k® HBs HilE (HBV 71 L 2
AR OB R TTo k., TARTOX Y biZBWT,

{ genotype DEWIZ b 53 HBs FLE(0.21U/mD) iF
CBEHEHESAL L2L, FY PRI TH
genotype I COMHBECHL L RENRELNE DD
CBhHol, Ta—F Y MNERHBsIRRE KBTS
ORISR L CEORREEE L.

(KEYWORDS] HBV, genotype, HBs #iR
B|HF Y~

e

v s

HBs FLE O IE#RRH E, HBV BEofE, &
HhOBEBELIEETHS, 2O HBsHiRE 2 — N T
% HBV icid, ZDOBETFESH,» S, BEZTIZ8E
HOBGETE (genotype) BEET 2 Z EW|E S h
TWw3y, ZLTIDX D genotype DEEWIZLD
JF4AREE, B LU Y 4 VAERIAO RIS R 2
AJEEMEMNTR AN T 529, MEHARENTHR I
L % HBV @ genotype X, C23#709%, B
0% THD, FEAEWNINOMBCHFKL TS
3, HEEIIEWRLS genotype A D HBV bk s
b, Kk D genotype Ak, 77 V%, duK,
K, I-u v N NEEHEE ALNIERETETH S
3, UL Z D genotype A @ HBV BEAS, BiHLTH
ERO TR R BE THRIERE W H 59,

R EFIRAY / T FHF A8 D/ Mg AR E

ERTCHRSESNTLS 0 BEORRESY N2
FAUW-82745 HBYV genotype % HBs iR

DR Ve — B

R1 FHBsHERHF v MBI BREELHFOA
k. &% v bORIE/HE, BIUERRE

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 { X 2) *
6 CLEIA polyclonal/monoclonal ( X 2) *
7 CLEIA monoclonal/monoclonal { X 2) *
8 EIA polyclonal/monoclonal
9 CLIA monoclonal/monoclonal
10 CLIA monoclonal/monoclonal

CLIA : chemiluminescent immunoassay (8¢ 5& %)

EIA : enzyme immunoassay (B¢ k)

CLEIA : chemiluminescent enzyme immunoassay (#¢
BERIER)

®(X2) B 2 DT ) 7 u—F L HEEER

BHAOKENTRES LTV HBsHiFME + v
ME30FEEEM L 545, T F T HBV genotype @
B, HBsHEORIGE:, ZhofE2D*y N T
WEF Uz #8370 <, 512 genotype A O HBV i2 &
Da—F &2 HBs FURDOKIGHEIZ DWW TOHIRH
KoohnTws, §E, EATRIEEINATYS 108
SRS (EIA, CLIA, CLEIA) HBs FIEMH + v +
MV, genotype A, B, C D& (& (recombinant #i
FEEE0)DUEERATLDTEDOREREBRET 2,

* Reactivity of Genotypically Distinct Hepatitis B Virus Surface Antigens in 10 Commercial Diagnostic Kits

Available in Japan
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3 genotype A
genotype B
1.5+ B genotype C

Kit No.

2 & HBsHiEM#HF v MILPRERRNE &

RAEMFBOFEEY, ZTHZFNO genotype Al ARCHITECT HBsAg
QT O P EMECEHME) TR UZE#RIM L /2. £ L TARCHITECT
HBsAg QT Tl L 7= genotype A, B, C &4 BIEM (F9ME) & B
(1.0 LT, ZRUSMADEFy BT genotype B # & U genotype C
DfE %t (Ratio) TF L7z, L7edi> T, genotype A TOERBZHZF v b
WBWTTNTI.0THY, genotype BEBELU CleBwTiE, ZOED
1.0IEVE & genotype I TOBRIEREEZS P nw gk, #HiK
1.0 50BN 21T E genotype Bl CORIBREZENRKEWI L L5,

“ MEEXUTEE

1, genotype 5l HBs IT/ER{&E

genotype B ¥ & U C OWFIE, JL¥BER-TFIMEK
X vy — &bt & i BB YE (HBs FUEBEMS)
D HBV genotype % HETT|» 5 PeE L TEIRL /2
bORA, genotype A DRMFIZEEEHAIEM L v B
A L7440 HBV genotype ZHREL THEIR L2 d
- DERAWZ, 25RENTND genotype I DWW,
HBV BETFEAL TH 517 recombinant HBs #1i
bRz, Zh s 30 4k (genotype A & 7
MK, genotype B 13 4%, genotype C : 10 #ifF)
%, BHEW— [HBsHMEEEF v b] & L TEARE
NTWE7—F7 27 b« HBsAg QT(7Hy b ¥ v 0¥
YE) RAWTHIEL, FhEnoitE% 10 IU (Inter-
national Unit)/m]l DEBICHEL 72, kB, HFRE
I3KE BBl #t & DA L7z Multi marker negative
matrix (Accurun 810) # Bw 7z, # L T, &%
1.01U0/ml, 0.21U/ml, 0.04I1U/ml @ 3 Befg 1z &3
LU THREICHE L 22,

2. HBs HiE#HFw b

SEHO HBsHIEMRHECHEA L F v bid, Rl

AU 10 BEHTH 5.

W FER

SEFERLETRTOFy EDIEBWT, T
EBROFRER» S HBs FUFIEBED 0.04 IU/ml 225 1.0
IU/ml & TOHAIIC BT, TEEE &HEED
i RiF e EMBEfRAE s, 22T, BCKEET
RKHTw 2 HBs FUER/NMREBEEOEE 2 E H,
0.21U/ml OFFEE B 2 EE2AVTEL1
RT &I, FREROF v ML 5% genotype Bl
WHEAEEO 70 v b 2F LT, 2B, &3V T
BIAKRLTWE0I, &+ v NBSHREZEE LA
Wiy 2 BEORE(L Y M4 7)) THS, B2 T,
£+ v b T O genotype Bk R B E{E %, ARCHI-
TECT HBsAg QT THIZE L 724 genotype DAl
EMEEPEHE(.0 L L) LHETEHE L, Th
5DOEDN1.0IFEWIZY, genotype BT O HIE &
WERDRNI ERBEHRT 5,

SRIOEICH W 10 EEO HBs KR F v
Mz BW T, VWO genotype @ HBs Hi FH &
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21U/ mD) b BHEELHETL I B TE(FED.
LirLiads, —FaoFxy F{NoDizk w T,
genotype BHFZEOREF XN T2 REHES O
genotype (A, C) RO ME L L T & »IizfEwn
ZEeEBREI NI, £/ Nob 6, TIZEBWTRE
genotype C 3R @ HBs HLJE W2 & 4 2 KIS 1% 45,
genotype A, BHERD HBs RT3 KIGMHL D
bR eMrRan/(R1, 2), %8, No.5, 6
7, 8 QIBWTIHMDF v MK L T genotype
CHREDHIEFEIZEE IS D& NAasNTz, Thic
DOWTWHHED & ZAEERIZEE S izt - TRy,

o, RALEF Y btk - T,
genotype 2387 5 HBs iR 3 2 RIGHETO
EEPLH N, TOREALLTEZONLDE, F
v MiZAV S Tw b HBs HUR I 2 HifEDE L
WETFeNL722 5, HEMEE (capture) & HiE#H
(detection) D EH &p—HIRY 7 a—F V%
HAWwTwaEs, No.6D*x v b 2k E, genotype
MTOREZERIPBNEITHS, Lal, WAHKKE
Jrua—F ik EROLTWEHEETIE, No.b, 7
HBNhD X S, genotype [ TOREZES KA
KEWHDE, No9, 10DEIEBDIZVHDE
CRHS Tz, TheDBLE L DEMICRNT 2
&, No.9, 100Fy FTHwORLTWAEE/ 7 U—
FUTRE HBs MUE O EBHIRTH % “a” PLRICTF
T3, S-SEAICLVER LS 2 D0 loop(loop
1:a.a.124-137, loop 2 a.a. 139-U47) D EhFhIZ
XNEBE/7O—FNHERERL TH»5 L
L7, “a’ PR DH T, genotype DEWIZ LD ER
T LEAL & % genotype BITHRES N T W B EML L A8
BB, BIEEOEENE W loop 21T 5E ./
7u—F VIR E L sEEICE, genotype D
CEOBRBRBRERENELLZEBELZON, BFS
{ No.5 7TDFw B FNKHEEHT LI ELNFHEX
naL»l, E22u—FrNHE0ORET S
epitope DWW T DFH RN T — s /s T
W),

UEDEHRIZ, BEFTEREIN TV [ a—
¥ v (EE)HBs HUR ] x5 24 O HBs #UER
H¥Fy PTHS N T SHERHREOE W L EL L
Tw3, ®iEh, T/ 70—FAHfEOHEFERLT
WiHFw bTRE, HLABOXRE HBsHiE s T
BOBIEPREZINTVED, ZDLH%EEHBs
MFEROHBEEEZERLTEVWDLDO TR R WY, T
D HBs HLIF 13 & % ¥ € @D genotype % & D HBV 2
FoTa—RERTWBEI MDD, Z0EVIZLST
BMUERECESELCZ2OTH> Tid, ERLBHICK
Ez &7 BRad b, 5%k HBV genotype FlD
HBs JLFRHES SV 2 HENT L, genotype DE WV
F5Fy POMBBEZEL*EBRTI2LENSL LS
7. COEIBWNBERNICL T TRERSINTS
D, WHO IZ B8\ TIZHIE D HBs iR E IR HH 4% &
(genotype A)ICINZ T, S5 idfthd HBV gentoype
2T b HBs MUREMERSE SR 2 B8 3 2 H kb
REN TS (WHO Working Group on Interna-
tional Reference Preparations for testing Diagnostic
Kits used for the detection of HBsAg and anti-HCV
antibodies. Oct. 6-7, 2003),
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