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5 LHIAT A9 7 (Hepatitis B virus, HBV)EYL AT LLGIEATIEHE, FfaT
AR VRS, HBV KM PR G2 BRI . JrUR P T A5 SR AR A 1 2%
KIARFRT, I FBIET:, RIHE SRR EE AL PA W EZ —. P5mH
DAL TR IE PEALES, FLUARE O HE T HBV miitd T x, H H B i X
HBV AT LA R o PR IERF ST /D ol T AV 1 36 DX 18 2 £ L T o 25 o
ISR IRAT DU HBV 1853 34708 27 IR SR AE, A ST T 2012 4Fid i
LI SRAT 08 2 VR 7, BF 5 G PR 2 b DX A A AN Itk £ R I 0 55 T A% Y
JUH S HBV G GAT BURFE W K 32, PRI 8 S FFBva 2R, F A3
b0 TS R I £ AT (0 s R R 2244

20 ARHFFULE PHBOAR 200 D AN F R R 21 1945 i S FE A, Hrp e
1892 A 2 FEAS H, JURLII HY 256 A A5 4 HBsAg BHE, BHEA Ty 13.49%; 1413
WFEA ) Anti-HBc FHYE, FHYESR N 74.37%. A2 AR B4 HBsAg BHER .
Anti-HBc BH #4351l 24 13.89%. 73.63%, 2t AN RH 2853120 13.19% 75.05%
BT BEZER (y%0.201, p=0.654; y?=0.499, p=0.480) . *|Lt 1992 4E#1 2006
T T 1) 4 15 TR 0 3 25 T 4% I3 AT 8 2% T A 5 R, RV G R X 11
HBsAg #5ili % 5 NEEREs, (BN B R AN S E A X . AR,
PUGEAR Z H D F G50 HBV mitATIX o 11 2003 4 P e X 35 S £ JH-988 1 e e
LIk, /T 10 % JLEE HBsAg FHTES 5.71%, WEMET KT 10 & ABE. BURFRN
KI5 NAESE BT A H ke ) 2 AT

TS TR VAR 2 M X 18 S G HBV LR A K O3 1 AT 0 2
1, AT 256 1 HBsAg FHYEMFEAH, iEHC HBV DNA @& AT 10°
copies/mL [FEA, BATRKIFHIRHE W, 153 73 Bk HBV & K741,
15 GeneBank T1(¥] HBV S BRIHATIX T 12751 [RIVETE LLXT 0BT, JF4 il R Gk
HERESY AT, 193] C Rh 50k, C/D FAIAL 68 Bk, A ALK X AN []] S nf 4y
h CD1 A (4 700 bp AT AbEL) F CD2 A (4 1500 bp LA AbEH) o 7
C/D A1) 7#), CD1 M CD2 PH 4 L FEAMZ L JH Bl BCP A1762T/G1764A
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(194 % TE B M7 5 (P=0.747), HI C X A1896 158 AR7E P 5 A 204 [m] G (2. 2%
Pk 72 5(P=0.585) o AN 57 45 AL Wik P BUAR 2 1L X 1) 2020 JHF 9 9 2 1) ik DR 23 = 0
CD1 F1 CD2 FAHMIF T fift T BRI RASHIIEANG B, il g S0 12 DX 278 JH
R IV R I R IAIT 3L T — € IS % ki

SiAh, T HBV JEAL 5 S O AE B T, ek T HE— A%
X HBV KRR HHE, T @l 1.1 % LA HBV SERI 2 ok, LASEH
FEAR SN R Y v 53 3k AL S B HBVLL A5 4 52 1 1 10 7 8 07 10508 K % 42 DNA
BEVINER:, BRAER %, IR . MiAIUR R T — R B AT HR Gibson
Assembly PRIE R HE HBVL.1 {44 S 1 BURL IR B 7775, 7R 343 HBV JL[K141 DNA
JEAN TG RSN RCRAE RN RTS8 . RIHZER, B 4 6 HBV L bR A
IR HBVLL AR S 7, LR % 4% Huh7 41, 1iE#H FLRRAS SR HBYV
ARSI S AHIFFT A AR RFRAS PRI SR AT HBV 5216 5 B LA S0 3  2Y
DRe S T 5k KB s

Zf LETR, AWEIUM A T PUEOR 2 M X M 2B I AT DL T
HBV I (17> THFIE, RN T PG X HBV eI A Hepa e gt 7 26 521
i, RN R T R HBY 1.1 AT, IR A D RERT 5T
AL T R T

RERI: PUBAAMZ MK s CRFRIGEE(HBVY); AT F A 70 TIRATIR
iy JEIM, C/D EEA: 1.1 f54K; Gibson Assembly



Abstract

ABSTRACT

Hepatitis B virus (HBV) infection is one of the most important public health
problems in our country and even worldwide. Long term chronic hepatitis B virus
infection causes cirrhosis, hepatocellular carcinoma and other decompensated
end-stage liver disease, even death. HBV infection is highly endemic in China,
especially in remote areas such as Tibet of China with poor-quality health care and
little local HBV information, however, studies for Tibetans on HBV seroprevalence
and molecular epidemiology are limited so far. Therefore, the present study was
carried out to investigate the epidemiology of prominent infectious diseases and
molecular epiemiology, phylogeny and population dynamics of HBV, which is
important for evaluating vaccination programs and national disease prevention and
control efforts.

A total of 1945 serum samples were collected from Nyingchi area in this study.
Of which 1892 samples were proved to be eligible to participate. Serum samples from
participants were tested for HBsAg and antibody against hepatitis B core antigen
(Anti-HBc). 256 samples (positive rate:13.49%) among them were HBsAg-positive,
while anti-HBc were tested from 1413 samples (positive rate:74.37%). Prevalence of
HBsAg-positive and anti-HBc-positive among males were 13.89% and 73.63%,
respectively. Prevalence of HBsAg-positive and anti-HBc-positive among males were
13.19% and 75.05%, respectively (y °=0.201, P=0.654; y ?=0.499, P=0.480).
Compared to two epidemiological survey results of hepatitis B virus infection in
China in 1992 and 2006, the prevalence of HBsAg-positive was decreased year by
year in Tibet, however, the rate of decay fall far behind other districts in China. Our
study result suggested that, Nyingchi area in Tibet is still a high popularity for HBV
infection. After carrying out hepatitis B vaccine immunization in Tibet in 2003, the
HBV infection among children was significantly lower than adults. Therefore, the

government should devote greater effort on HBV vaccination to decrease the HBV
1
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prevalence.

The present study was carried out to investigate the molecular epidemiology,
phylogeny of HBV based on 256 HBV-infected patients. A total of 73 sequences from
256 samples and 8 references sequences representing different genotypes of HBV
were aligned for phylogenetic tree restruction using the NJ method. Seventy-three
samples containing 5 haplotypes belonged to genotype C and 68 belonged to C/D
recombinant; no other genotypes were identified in this study. Among the 68 C/D
recombinant isolates, two types of C/D recombinant were identified: 44 belonged to
'CD1' and 24 belonged to 'CD2'. The differences were not significant between
Tibetans with HBV/CD1 and HBV/CD2 in the pre-core stop mutation(A1896)
(P=0.747), as well as in the double mutations in the core promoter(T1762/A1764)
(P=0.585). The further analysis across the genome has proved that the majority
genotype of HBV was C/D hybrid and investigated the prevalence of mutations.

HBV has a highly compact genetic organization, that is why the
replication-competent genome which can fulfill the entire HBV lifecycle in vitro is
arranged as an over 100% head to tail DNA genome, at least 1.1 copies of HBV
genome. There always concludes several times of restriction enzyme digestion and
connection in the traditional construction methods, leading to the steps of previous
methods are cumbersome and time consuming. In this report, we develop a novel
strategy based on Gibson Assembly and result in a fast and convenient method which
just needs one step to complete the construction after HBV DNA obtained. In this
method, we successfully constructed 4 1.1-fold-overlength genome plasmids directly
extracted from serum specimens and confirmed the plasmid is replication-competent
by transfecting in Huh7 cells. This new strategy simplifies the construction
procedures and result in a fast and high-efficiency method which is especially suitable
to be applied in clinical samples.

In summary, the present study investigated the epidemiology and molecular
epiemiology of HBV, which is important for national disease prevention and control
efforts. Besides, This study developed a fast and high-efficiency method which is

v
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especially suitable to be applied in clinical samples.

Key words: Nyingchi Area of Tibet; Hepatitis B virus (HBV); Epidemiologic
survey; Molecular epidemiology; Genotypes; C/D recombinant; 1.1-fold-overlength

genome; Gibson Assembly
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Anti-HBs: Antibody against Hepatitis B Surface Antigen, Z.7 JIT 4% 75 2 I P fA
Anti-HBe: Antibody against Hepatitis B e Antigen, Z%iF %755 E Hiik
Anti-HBc: Antibody against Hepatitis B Core Antigen, £ 1T 435 #:4Z% Oy Fifk
ALT: Alanine Aminotransferase, 73 /4% & fiff

bp: base pair, HEIExT

CLEIA: Chemiluminescent Enzyme-Linked Immunoassay, B¢ %46 2 & 6k
CLIA: Chemiluminescent Immunoassay, 142 & Y6 % 2 46

CHB: Chronic Hepatitis B Virus Infection, 5 2,7 fF 58 5 #Efak G

DMSO: Dimethyl Sulfoxide, — ¥ IFHH

DNA: Deoxyribonucleic Acid, it 48 AZ% 5 1% 1

DNAP: Hepatitis B Virus DNA Polymerase, Z T %55 7 DNA 54 i

ENH: HBeAg-negative Hepatitis, E 471 J5 [ V28

ELISA: Enzyme-Linked ImmunoSorbant Assay, i 7 W b il 5

FBS:Fetal bovine serum, i /|- .75

FDA: Food and Drug Administration, 32 &£ i A 24 & #1L)

HBsAg: Hepatitis B Surface Antigen, ZRAF R aER MBI (EEA)

HBx: Hepatitis B Virus X Protein, Z T 402 X A

HBeAg: Hepatitis B e Antigen, LT %95 5 E PR

HBcAg: Hepatitis B Core Antigen, Z !4 5 # Core it

HBV: Hepatitis B Virus, 2T 4% %

HCV: Hepatitis C Virus, 7572895 %

HEV: Hepatitis E Virus, %5 2 5

HIV: Human Immunodeficiency Virus, A 2&%% Sl 25

IT: Immune Tolerance Phase, %% 52 3

IC: Immune Clearence Phase, 715 %

lgG(M): Immunoglobulin G(M), 19G $ifk C(IgM $ifk)
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IFN: Interferon, 18 T4 %%

LR: Low-Replicative Phase, {15 3

LC: Liver Cirrhosis, fT#L

L-HBsAg: Middle Hepatitis B Surface Antigen, Z AT &R TIHUR (KEM)D
MADb: Monoclonal Antibody, 5 [ Hi 44

MHR: Major Hydrophilic Region, 2,7 JIT 48 95 5 3 1H P JiL 32 B K X

M-HBsAg: Middle Hepatitis B Surface Antigen, Z BT R E R P ChaEr)
mRNA: Messenger RNA, 151 RNA

NBS: Newborn bovine serum,#i 4= 2 IfiL i

PCR:Polymerase chainreaetion, 8¢ 5% [ W

PEG: Polyethylene Glycol, 52, " &4

RNA: Ribonucleic Acid, %k

VR: Virological Response, 7 & 2% WV 2%

VLP: Virus-Like Particle, % & ik

WHO: World Health Organizaion, {7t 44140

VIl



H %

B e |
ABSTRACT ....oocvoeveeeeeeeesioesie s esses s eessse s s s se s ns s 11
TEME AT .o.vvevoeee ettt s st a st s ettt VI
2 1= ST 1
L LTI RIFTE cooeveeereeese ettt 1
1.1 FEIHF DNA T EERE oottt 1

1.2 HBV [EITRBELE R vt 1

L3 HBV FIFEIRIZL LS oottt 2

1.4 HBV FERHIZRID IR FH vt 4

L5 HBV FIZERTEH oo 9

2 LRFRIRTEIITATI AL oo 10
2.1 HBV JRAT IR ZEHF T oo 10

2.2 HBV 20 TIRATIR AT TTIE I covoeveeeeeeeeeeeeee e 15

2.3 HBV JEYEIT IR I oo 20

2.4 18HME HBV G IEL T (oo 23

3 LI T TTHERE oo 24
3.1 HBV JEGE IR IRTZIT oot 24

B2 HBV HFFTRT oo 26

3.3 HBV EHI T IR T oo 27

2N DN S S 0 = o U 29
4.1 PHERAR DX E B Qi R TIR  IET ocveees 29

4.2 VAR ZH DX 1) LB JE R 73 FIRAT R e, 29

4.3 H Gibson Assembly ¥ 77 75M0H S L1 A5 oo 30
S b OO 32
(O /= OO USUUURR 32

L A B et 32

VIl



1.2 FEEGRFIEG IR oo 33
1.3 5 TV B FRBETE ] oo 35

2 TV et 38
2.1 D3 T TEBE e 38
2.2 TR S5 W A (ELISA) KA % RO RFER S 2 53 T (CLEIA) ........ 40
2.3 HBV DNA A FEK AP HIIFRIL oo, 43
2.4 L1 AEFERIA TERE AR oo 44
2.5 AL MR IE SR .o 47
T ARG I T o 51
S KAR LB E AL i IURA TS Dl 51
1 BT B IEAEENE oo 51
R e o e R = OO 53
2.1 LT RIFEF T TIE DL oo 53
2.2 HOV JEGEIE DL oo 60
24 HEV JBEYETEDL oot 60
2.3 HIV BZEEDL oot 62

B BB AN NG s 62
SRSy HBSAQ B ZHFWTE S FIRATI T o, 64
L HBV A KIEY BRI HLETE (oo 64
LLPCRAIELE IR oo 64
1.2 AEFEDRPHUTUIE oo 64

PR R ER d I L s OO 65
B BEIEEZL I T oo 68
4 CD1 F1 CD2 [ REFAE R T 2L cvvoovvoeeeeeeeeeeeese e 69
B B AN NG s 70
% —=34r: H Gibson Assembly (17775 MH S L1 AR oo 71
1 FJJH Gibson Assembly FJHETREZT R ..o 71
LLPCR T HEGE R oo 71
L2PCR ZESTELE R oo 71



L3 BB AT et 72

2 P JTORLFE L HUNT oot 72

B BB BN NG o 74
FIPUEE T8 et 75
L TRATIR T oottt 75
1.1 WHELE R IACEPERIELSZVE oo 75

1.2 FERRARZ LXK AT 20 B L 2 AT R FRRAE oo 76

2 3 TR AT IR et 78
2.1 LIFIEGE B FIEERE R I oot 78

2.2 MKZHLX HBV FELRI TG oot 78

3 ] Gibson Assembly £ % 1.1 fFK ooviviiceiceee e, 79
BETLTE NBE BB e 81
BEZE TR oot 82






Contents

Contents

ADSIFACT TN CNINESE ...t I
ADSEraCt iN ENQIISN ... Il
ADDIEVIALIONS ... \Y
(O T T T Lot SR 1
1 HEPALIEIS B VITUS ...ttt 1

I [ o o [ VT o - U SR 1

1.2 Morphology and structure of HBV ..o, 1

1.3 GENOME OF HBV ...t 2

1.4 Proteins 0f HBV ......ccoiiiiiiiiicee i 4

15 Life CYCle OF HBV ..o 9

2 Epidemiologic characteristics 0f HBV .........cccociiiiiiiiiicec e 10

2.1 Epidemiologic study of HBV ........ccccooviiieie e 10

2.2 Molecular epidemiology of HBV ..., 15

2.3 Natural history and INfECLION ..........ccccoevieeie i 20

2.4 Prognosis of Chronic HepatitiS B ..., 23

3 Laboratory researCh ProgreSs. ..o eieeieiie i s sre e 24

3.1 Clinical diagnosis of HBV INfECLION............ccoovviiiiiiieicieceeeee, 24

3.2 HBV research models ... 26

3.3 Construction methods of HBV replication-competent genome.............. 27

4 The purpose and meaning of our research ...........ccccoee e 29

4.1 Seropidemiologic research for HBV in Nyingchi of Tibet.................... 29

4.2 Molecular Epidemiologic research for HBV in Nyingchi of Tibet........ 29

4.3 Construction for 1.1 copies of HBV with Gibson Assembly................. 30

Chapter 2 Materials and Methods ..........ccooiiiiiiie i 32
L MIALETIALS ..t 32

L1 INSEIUMENTS ... 32

1.2 Reagent and SUPPHIES. .......ooiiiiiiieieies e 33

Xl



Degree papers are in the “Xiamen University Electronic Theses and
Dissertations Database”.

Fulltexts are available in the following ways:

1. If your library is a CALIS member libraries, please log on
http://etd.calis.edu.cn/ and submit requests online, or consult the interlibrary
loan department in your library.

2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn

for delivery details.



