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T 2R A K SRR HBsAQ TR o IXSEHT I AR A 12 Wk Ik & 595
TS AR o

DA IR SER A S0 4%, AHFFCR 255 S8 A8 A i) 7 5, 3k Tk
300 Bz M) i B s B LA, R ICHEAT T LIA W95 S AT PR 4 5e » 7R
el b, ARSI P IRE PRI T 4 BREHT (WTS, 6C10. 42B6 F1 15D1)
B EHi-HBsAQ-HRP, FlilH TRk 0™ 1% (1) HBsAQ 12 Wi, oy 7l &
A= 18, R T T R I M REVE Al o VPO 45 W] AR A= 7Y
HBsAg [F1 70T R B 4 0.0121U/mL, & T8 5 BRI 5 Fpdk 7] 4-16 £55 X
SR 2R DU W RAR TR R BRI BRI T 0.051U/mL; 5t 99.81%



Ji 2

(95%Cl: 99.57%~99.93%). 8 {7 BBI Il 4% 4 fif (1) 45 H B R A% HBV 4
IR I ML BEAE BBI A0 (1 7 B T ALKCT Prisme RIS, A0S 22 4
M\ A ] 4t A AR 1) B0 45 B R AT TR 45 2 HBVY B AR PR R i L3 THT B Jit S8 A8 ok 1
TEPRASK I VR e Rt o IR R BBURE 51T, AR 282 4 HBsAg AR E (4%
ZHTRHIVED [ ICREARAG 15 AR AR AL H %6l 97.52%  (95%CI: 94.95%~99.00% ),
£j Hepanostika Ultra, Murex V3, Architect i2000SR #H241fij & 1 T AXSYM V2
S EIA G A BRI A0 08 AR - 45 1) 45 AR Wl 7 ARGl ) i 7 e S
FRT E N RS e = SIGR ST I R T 45 S s s AT I A R
fe5 H iR B Architect WA RAT S8 E.  RiRg R GO ARIAAHA R
GFHRIPERE, RERENN L SR ) 2

KA HBsAg; iZWrilil; ZHMPIG



Abstract

Abstract

China is a high-endemic area of HBV in which there are many AsCs with low
viral load and newly infected persons in the window phase who are the main source of
transfusion- transmitted HBV. Consequently, HBsAg assays with higher sensitivity
need to be developed to overcome this problem. Meanwhile, such a vast number of
infected individuals are reservoirs of HBV mutants. Moreover, under the influence of
vaccination and antiviral therapy, HBsAg mutations, especially mutations within “a”
determinant can emerge faster. Since traditional HBsAg assays were based on
antibodies targeting “a” determinant and therefore had deficiencies in detecting
mutants in this region. What’s worse, part of these mutants could not be protected by
currently used vaccines. So the deficiencies would cause clinically diagnostic escape
and bring great threats to the blood safety. Fortunately, some newly developed HBsAg
assays from Europe and USA can detect some of the HBsAg mutants. However, their
capacities for detecting HBsAg mutants are far from satisfactory. Also, NAT is
expensive and has complicated and troublesome procedures, which makes its use in
clinic diagnosis and blood screening unsuitable. The purpose of this research is to
develop a high-sensitive and broad-spectrum HBsAg assay which can detect all
prevalent HBsAg mutants. Also, extensive evaluation work will be done.

A molecular epidemiology survey has been conducted to identify prevalent
HBsAg mutants in blood donors of Xiamen for two years. Also, extensive screening
work has been done at some clinical units of Beijing, Wuhan, Guangzhou and Xian, in
which dozens of samples of HBsAg mutations were collected. In these research,
prevalent HBsAg mutations were summarized and underlying laws of mutation were
inferred. Based on a well developed strategy for constructing 1.3 ploid omni-genetic
HBV, the 1.3 ploid omni-genetic clones of HBV of many genotypes (such as genotype
A, B, C, D, G and so on) and HBV strains including mutations in HBSAg region
(such as G145R, C124Y, C138R, T140l, K141E and so on) were constructed and
recombinant virions were obtained. Meanwhile, various recombinant native and
mutant HBsAg proteins which included all prevalent mutations within the “a”
determinant were obtained from the Baculovirus Expression System. These initial
researches have laid a solid foundation for the development of the diagnotical kit.

Finally, nearly 300 monoclonal antibodies (mAbs) with high reactivity to HBsAg
1l



Abstract

mutant HBV were raised against these virions and proteins. Then, preliminary
screening (based on linear immunoassay) and characterizing work were accomplished.
On the basis of these research, 4 mAbs (WTS, 6C10, 42B6 and 15D1) were chose.
Using these mAbs, together with a goat anti-HBsAg-HRP, a high-sensitive and
broad-spectrum HBsAg assay was developed and then evaluated. Evaluation results
indicate that its analytical sensitivity is 0.012 IU/mL for native HBsAg standard,
which is 4 to 16 times higher than those of five imported assays. Analytical
sensitivities for other 7 positive standards are less than 0.051U/mL (3 of them belongs
to3 serotypes and the remaining 4 are common HBsAg mutants); its speciality is
99.81% (95%CI: 99.57%~99.93%). The results obtained with 8 seroconversion panels
from BBI showed that this assay is second only to prism in all assays which tested
these panels and published their data to BBI. The performance of the prototype assay
is best in testing a sera panel comprising 22 samples which cover all prevalent HBV
serotypes and genotypes in China and includes common HBsAg mutants. And the
clinical sensitivity is 97.52% (275/282, 95%CI: 94.95%~99.00%) for 282 confirmed
HBsAg positive samples (all samples tested negative by rapid test) collected from
asymptomatic donors, which is comparable to Hepanostika Ultra, Murex V3,
Architect i2000SR and is significantly higher than AXSYM V2 and a homemade EIA.
The results obtained with the instructing panel of NCCL further confirmed that the
performance of this assay is greatly better than that of similar homemade assays.
Finally, results of clinic trial conducted in 3 clinical units concluded that this assay is
equivalent to Architect for clinical application. These results suggest that this assay is

desirable for the prevention and threpy of HBV.

Keywords: HBsAg; Diagnosis; Prevention and Therapy of HB
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CRIBTFRHTE (Hepatitis B Virus) B4 Ok tH FE H A 3L R H B 221 2
ST A ) R PR LA D B e Ok = ERAE O HLAE 2 FEVE IR R I . H At
FAA 20 2N B G HBVI A, 3.5~4 (218 1 HBV KL , 215 4Bk A1) 6%:;
EA I HBV I rh 75%~80%7EAE M, WAV Rt x (J5] 1-1).
181 HBV #5417 & A AH 22 K RO CHB, #i7) Jid K Rkl HC, HCC
s AR HC JF R AE (B 1-2), H4E HBV KR T i AL 120 7789,
DA 2006 A4 E LB R TERATI I AR A A 2 1-59 AR
JHR PR IET 500 7.18%, L 1992 4F (1) 9.75%F#(I T~ 26.36%, T, AAF A
HE SR TR AE A 2 28 5 AN 3, VG XN £ TP T s 485 7 2 e T 2R 0
WX o 1~4 5 NBE ORI P50 R 5 ik, 4 0.96%; 5~14 % NHEN 2.42%;
15~59 & NI O il R dem, 14 8.57% (& 1-3),

B o
B 27%
] «<2%

Bl1-1 HBVIEH &Rk T 5
Fig.1-1 Global distribution of HBV infection
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1. HBVHYRELEaF I EEAEH

HBV (Hepatitis B virus) J&"E/H DNA Ji &£l (hepadna viridae) AN584XUEE
DNA Ji &5, ATt B 2o 40 i N AZ B A2 R h [a]4& (RNA intermediate) 1717 5518
oG, Ml snsg. (R 1-D

& 1-1 ZRFRRE N R
Table 1-1 Features of Hepatitis B virus

FFREFREAR HBV/(Dane particle)

ik 42nm; HAEL A4 ds BRI

S W JFF 20 i e R BB AL IR 2 e

YL 1k KA —MAAA preSL,preS2,sAg VA

SR R L RNA A il e 52 U7 X

AR i ik (4F4F 1/10 Jj base)

2 PS bt 8 P2, 8%Fin) 2 F

SRS N TR A &

TRTFEN )2 2-3days (¥~ 0], R/ 10 4231 100 {24 T5HE

AL SRARHTRE S, 30-32°C /D474 6months, -20°C A 47
15years

15 IBRT N, R A A5 v 25 R AR BN )

IR R AL JRRCRIEE; B A C B KW DAL A,

ek, mlk: E 8 pgaE® R pg s G ik
B, AP He BT eudess, hoeu, spgartl

1.1 HBV By BRI+

1965 4£, Blumberg ZEMIGH1 <P KR4, 1970 4 Dane M 7E g5~
Y5 T HBV Bk, SUFK Dane Sk . Dane FIURE ok X2 52 (1) 5 FE Sk, L ARZ) 42nm,
I3 R%0 KA TS, AR RITRL S EARZ 27nm (1) 20 THifA. AZL Sl EE AL A
A1, JwTEgmi i 2 R e, HAMEREBAME . £ MIAL) HBV Beded Ll
H, HBV AIREAALE L T =HMUBtki 2544 : Dane Mk (H LHBs, MHBs Fil SHBs,
core particle, HBV-DNA) ; filamentous ¥ ( 2 LHBs, MHBs £l SHBs); spherical
Wikt (AT MHBs #1 SHBs) , =% KUK LY 10%: 10%: 1080, (&
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20 nm particle
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17-25 nm

Filament
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K1-4a: HBVEH: (Danefiki, ) , sphericalfibhi (£ F) , filamentousii
B CET) MHEERA. b: HBVER (Danefiki, L) , spherical Fik (£
TF) , filamentousFihL CHTF) HIHERXE
Fig.1-4a: Electron micrograph (negative contrast) of hepatitis B virus particles
(top), filamentous (bottom, right) and spherical (bottom, left) HBsAg particles.
b: Model representation of the particle structure and the viral surface proteins
(LHBs, MHBs, SHBs) with the S, PreS1 and PreS2 domains. Inside the virus
particle can be found the core protein (HBc), the viral DNA and the virus-coded
polymerase with reverse transcriptase (RT) and protein primer (PR) domains.

1.2 HBV N EFEHSEWH

HBV & CANS /DI 41 L DNA iz —, RN —2 K4 3.2kb
(3182~3221) [)/NATE DNA. HBV DNA MUK BEARXIFR, FLBEH o 4K
15~50%, 4 K705 5 2 mRNA FLAb s IEFE(L 5 A [ 7€ , K4y 1700-2600nt.

HBV Wikt 05 DNA R4 (DNAPOSH KR, LLFisE DNA hHifR,

¥ 1E 5% DNAS A LE K11 A 58 43 1 dsDNA. FROIR G5 4 p 6 R LE B 1) B 6 K
i (Z) 224bp) 4E+F, HPMIAEAE 11bp 1F M EE 74 (DR1 f1 DR2). WEE T
5115 HBV-DNA [l &% 515 & DNA (3845456, 6 DNA M DR1 W FF4f,
S ARG 5 ARG LA A LI S G, 3K K4 5~8bp ILARITAIES 5
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R JE A I . 1IEHE DNAS KA IH 14549 (cap sequence) 18bpRNA LAt
Wratsi &, Mgk DR2. 1EHE DNA3 AKui 454 DNAP.

HBV-DNA 3t 4 4> ORF, Hll: S ORF; P ORF; C ORF; X ORFI®I, |
Ff ORF 5 H & AMAE T, S ORF 7> Ml 4t = N & 11 LHBs
(preS1+preS2+S). MHBs (preS2+S)#1 SHBs( S). C ORF 4324 C FEK Al C X
(preC), SR ATG, B WIRYT, AR dulin CTL #E3RA 12 pT
15, HARS 55 R EE M RF SR Y . P ORF 4ifi HBV-DNA & ili%:, LT
Z 5 S A R . X BEDR 4t M ) S A R, FOA R SR
DR, FAE s A i U i D e R 78 23 e B . HBX 11 R LA 40 1 i
385 5 DR R 5 A A M 0 7 KR, T i 5 T A Mg 14 e Ao o081, e SRR ©
LR Bh 1 L, AT T Enh [ M EnhIl, S X BERAEARE B T 35 N 2570
fF (GRE), iR E LI g &, g susitt. (& 1-5)

Small

(+) atrand

i) strand

& 1-5 Z R R E R 41 4™
Fig.1-5 The genome structure of HBV
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