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Z BT 4 728 (Hepatitis B virus, HBV) R R SR E R AL T AN, HoFRAESCBIRET 70T G
RB1E BFRBE L. ZXARGLERHBVIISH . A SR R AETE. HBVASR B4R EHRS
¥, ARG DaneFURCA SRS R R hL, HERAET 4N B EERE B ER,

R eI FEEH|, HPpIMAEIFIRDNA (Covalently closed circular DNA, cccDNA) )2 & P2
SR GREE M EER R . HBVER A (A~) X R 5 A B EEHIRAAE, EMCAB. CERAIAE, R
WA g X DR N, EEEH(NBC. CDEAA) MR KR (WRTX 2R,
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Abstract

Hepatitis B virus (HBV) infection is a major global public health issue, and research on its molecular
characteristics and evolutionary tracing is of key significance for clinical prevention and treatment.
This paper systematically reviews the structure, genetic diversity and evolutionary origin of HBV.
HBYV has a complex viral particle structure, including infectious Dane particles and non-infectious
subviral particles. Its genome encodes key functional proteins through four open reading frames
and relies on the reverse transcription process for replication. Among them, the stability of covalently
closed circular DNA (cccDNA) is an important reason for the intractability of chronic infection. HBV
genotypes (A~]) and subtypes show significant regional distribution characteristics. Genotypes B and
C are dominant in Asia, while genotype D is predominant in Europe and the Mediterranean region.
Genetic recombination (such as BC and CD recombinants) and mutations in the reverse transcription
process (such as drug-resistant mutations in the RT region and antigenic mutations in the Pre-S/S
region) further aggravate viral diversity. The family Hepadnaviridae contains five genera. Tracing
studies have shown that ancient HBV genomes can be traced back to the Neolithic Age. The migration
of primates and humans has promoted viral evolution, but the origin of human HBV remains contro-
versial. As a country with a high HBV burden, China’s progress in prevention and treatment is crucial
to the global goal of eliminating hepatitis B. In the future, it is necessary to optimize prevention and
control strategies by combining molecular epidemiology and viral evolution research.
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1. 518

Z BT 4973 25 (Hepatitis B virus) B Js & — /N ()4 BRASE TAE I, PEZ 5 - HBV &Y i
BB ES . HBV 5 845 IR R B0 o A1 SR I BB N 22, It B AT IR YT 42 H 2 bk
Ko ARSI B 2,0 T S ST S R T T
2. ZEIFFRTRE
2.1. IREEN

HBV & — Mg B, HRRERRF R TS HA MR A i B GE) Dane HURL H 4 MR A
KFTHR AMENIRA R, H. /N=F0 HBsAg. HH, K HBsAg & H &AM PreS1 543, X—4&5
P B A T B S A R A - AR I R JL 5% 52 £ JIE (Na'-taurocholate cotransporting polypeptide,
NTCP)Z K4 &, TRt NTE F AR PR . BRI Dane BURLAL, HBV & 224 il % Fhi R
Yl P 5 75 0k (Subviral particles, SVP), WY i HBsAg i 22 9 KBRIKFIAN 22, DL R o Bk = FE 4]
MR PIREERL T, HERIZAST W AT R AR, XA 2R —E R B W i H S i,
[F) F 520 1 i 32 S s S AT 1]

HBV ZER AW /NIFFEBESMIDEEMER, B 4 NFTIEAE(Open reading frame, ORF)ZH.
%> S-ORF Zwfid ¥ M AME BT & 1R Ay /NI ER 1, C-ORF U [H] i 4 hSh 4% 52 &5 11 (Hepatitis B core protein,
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I %

HBcAg) M7l i H HBeAg, HiE AMREZ ISy, Ja# W18 3 % e N & #4EH; P-ORF
T ImD RE R A, % I RNA KH 1 DNA A BEA0 % el in v, 2 2 ) fE i A mr aig
BRAOEE: 1 X-ORF M|Zmf% HBx & [ (Hepatitis B x protein, HBx), {EAN—FZ IJREAE ¥, HBx RS
%K+ NF-xB (Nuclear factor-kappa B, NF-xB). 2255 1% {4 5 1B (Mitogen-activated protein kinase,
MAPK)% 2 M fAE 5@ 8%, FER I\ Ao 2 52 ] R 42 A0 (2 4 4 e A o BAT S 224 2]

HBV )5 i) 3 EAORE T80 7 s 72 o 5 B AR I IG5 JF 20 B D RO IR U198 < 2 1 SR &4
&J5, 5B NTCP AR NAIiE, FEEAZAEEENGIIERZ N, i Ak DNA (Relaxed circular
DNA, reDNA)TIEE, HA NI &3k DNA (Covalently closed circular DNA, cccDNA). cccDNA
DR FL RS e 1 A o T E SR e i B R K IAAAAE, ORI HBV B AR R . 7F cccDNA FIBREN T, 4R A
A CHTHE K ZH RNA (Pre-genomic RNA, pgRNA), % RNA REAH THIE =AM sEaiimugesE e, WiER
TSR, B B R A BT AR A e N I % 50 reDNA BT 6 BT reDNA BE 7] 4 20 2% i #7119 Dane
ROkE, I8 R SR A4S, TR AT R (R HAZ BB cccDNA P, gk — 25 i il 2 0 it ] 1 A1
P IRRGL MR 1 (3] (4]

2.2. BERBK B SHFHE

FTRRERAFHIH R, HBV W70y A-J 10 FrEERAY, %R &8, nfEl 1
PR, HorAn B LR U BRFAE (5] R A 20047 TAERR ., PUJERR. R R AR P aslX, LI
P g PRGBS R S2/S R FAIIIWETT, 5 A AR APIRIAE T TR AT AT A2, T
Al EEZFATFARM S SMAIHL T 56, 10 A2 WA B FRRNAIIESE[6]. BEAh, ARPNHBIXIEIRIE T A3-A8
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Figure 1. Global distribution map of HBV genotypes and subtypes [26]
1. HBV £ [E R K I B £ 3k 5375 [E[26]

R B EEEPLETIN e X sk, AR 563 B1 2 B10[8]. Bl WA H A FEILF HA
FAER, 1 B2 WIS AR TR WA EE X [9]: FEEWF RN, B3 FERE R VU35 M B JE 75 1 4%
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OB AR AR AfIA, B4 25 B10 (4538 AR T 2R 5 0 H X BRARR R BB A AE[ 100 FE DAY C I DA T3 B U5 0
RIHIX AT, WiEE T Cl1 2 C17 2R 1], HFARRY, Cl &5 RN ERITEK, M C2
DUIE 5 AT b DGOk, C3 AT C4 453728 43 il #8 S e T VAT R R R A3 R R IR 12]. T4k, A
WFAHGEEENJE . FEE A [ = p S R IR ) C BRI AL A 1],

FLFA D BOAH W T A X, AR B LA AR WO E 2K [13], D B E 44y D1 % D12
[14], Horh D3 78 RGP K My e i 4 X 5 8 WL[15], DA TS ) JE 78 0 A5 52 B Je 75 37 A 29 AN [ 16]
[FIEF, JTAERAEENEE . RJEW. Je H/REHFEEARIE | D5 2 D9 WAKAAE[17].

BRI B JRMRTIGAE 43, MidEFE A F A H R A e e S A e IX 18], HpEEEA H
1E Je I N SE M E XA HRIE[19]. Bhah, FERA G BEARER R, EH M2, BRI, £
PN AEPNAIE DN, EFERTARAE. EPE. SBPE R, w22, BIAE. ERERZAEGRL[20] [21]; EEA T FE
O AERERE . E A HP G R S BN AR [22]-[24]; FENAY J EEHBLE HA[25], H AT AR A I
PR L 44k

2.3. EEEH

1E HBV B4, ZRhPR 5 Al 38O R 3 R AR #3251 R AL, (B i IHLE] H a7 A e
2, HBV JEHHEHA BRI MWE 2 Fros. f£AKZ HBV B4k, BC Ml CD &k & N L, 241
HBV HAKN] 60% [27]. BC HAMKTE S AE VMM, windfzE. HE. PERET. HA. Sk
PEE. FEASE. REMMEZ28]. X5 B Ml C FFEBIE MK ST R E VM, WifhEEE A7 F—
Xz 347, T EA LS. fERE, BC HAMM A RILZ AL, AN X (1) 55 2 AR 7E S A
SERFIRATRRE PAFAEZ (29, TEM M HLIX, DUEERAL B 741 528 C [RT C/C XSk E 20 12K 80K
F[30], HAFEEL C HERFASHEFE B i BAEA FEEF X 84 A I E AR E . CD B4Rt HARE
[ 3 A A, 8P BRI S S W E AR 2RI Eh [, CD S 4 AE P63 b X 2 3 B R ATRR (317
ZHX [ CD B EAMBFISEERIRRAE, WSS b NBRIEAS . R AL 4% D7 5 DA SN [ 32 (R R ) A

HAEMAR[32]
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Figure 2. Global distribution map of HBV genetic recombination [35]
[ 2. HBV ERFEHLTKS 7 [E[35]
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% BC 1 CD SRS, HAMSEA 1 B AR R E X R B AD B A AN 12, TERTHRE
WL OEIRE. BRI BE. RPN R IR E KA IRE21]. EPRER AD HAGERZHE, WA IR
DR IX SR R 2, S e 2 L X R 2% (08 B A 3R R AL 7 5 o AE 35 20 4 5 B AE AR [ 5% LA K30 43 RRH F 5%
ME g B T I, rERE R RE . JLNE. NN AR EI SR, DR R 2 R 22 1 i e A A
MFEN[33]. XKW AE EAMRK A0 5 N EDRIERIR sh 2 ARG . SRR T (A/C/G EALMA) T E o
rERrE . P E. EEMEREER34].

24. BRRT

P T L S S R R B UL, HBV &4 ORF 5 &£ 5878 [36]. HRTCIMH TiRrE ik 2 A
JiF 4% (Chronic hepatitis B, CHB) {4 1 (F2) 22Ul (Nucleoside analogues, NAs) 35 Fi #4573 (Adefovir, ADV).
B £ (Entecavir, ETV). K K % (Lamivudine, 3TC)- #% kb K %€ (Telbivudine, LdT)- ¥ i% % 3 & (Tenofovir
disoproxil fumarate, TDF)5§. NAs (45145 RIRZE AL, 7E DNA AU & 5 RME B IR w4+ %
Gl B EAL . Bk, KIS NAs 197 S, Wi ki (Reverse transcriptase, RT) X 35 7 & 2E
B E RAR, W rtM204V/T 5838, HEWIZIE S 3TC K LdT BTN 252 PIkHE[37]: WF90 R I itA181T/V
I rtN236T 5 ADV (i 2514 AH52[38]; rtT184G/S 1tS2021/G F1 rtM250V X H8%5875 55 rtL180M A rtM204V
PG RAER, 30 BTV i 254£[39].

Bk RT XRAZHL, Pre-S/S [X A% H BR AN E HL IR AL [FIFE SR I PR G o 1K R AL H 7] 2 4% HBsAg
IR, T RS 1 51 R I S N 8. i, sG145R 5878 A i 35 B4 HBsAg 5t AR ISR /1,
PS5 P M R PR IR G 1 v, 12 R AR A HH 28 B8 A (R I R B L [40] 0 I6 AR, BRI A% 00 JH 3 (Basal
core promoter, BCP) K Al C X848, # GI1896A Fll A1762T + G1764A XURAE, ¥ 53 HBeAg FiA MM
i, IR RGN B 4 B B HBeAg BAMENS M OB, M5 41].

3. CHmERIEMRER
3.1. FFRERER

AN HBV J& 5 # F (Hepadnaviridae) (i B AU il 51 [42]. AT, FHRERMOE N8 G 7304
() IE 9 B2 J8 (Orthohepadnavirus)~ &k S50 & I 55 )& (Avihepadnavirus)~ B GLb8 - € 0 E 0 558
(Parahepadnavirus)f JC I B8 J& (Metahepadnavirus), UL JEGLCAT S0 ANTE I (19692 9 B J& (Herpeto-
hepadnavirus). FITA B AE B EE 1R 731 2L RN ARHAE B BAARAAME, i skl K/ TR, DURES
3.0~3.4 kb FATHIIR XUEE DNA Fit R4 AL IAZ A 55 [43] [44].

3.2. 55X HBV Wt R

HATCA, Sl 20 EE aHBV HE K4 B W 2H A 25 A F MR [45] [46], FEA FERIETF
W B . Bhal, 785 E AR CORRIMA T A A 2 T 22 (1) 224 48 993 B8 (Ancient Hepatitis B vi-
rus, aHBV), HAEACKATE 400 FHi7[47] [48]. R4 aHBV [FFACHIE AR AE, TR AT 026, Hrr,
{EEE Y Karsdorf (7 kya)Fl Sorsum (5.2 kya) RILH N8 A a4 B0k, BA15IEMAEAN R KK
(Non-Human Primates, NHP) HBV )5 K 2 AR A 55 i, 115 B4R FE (Anatomically modern humans, AMH)
HBV MAHMERAR[47]. FH AR 4 Bibk, fE8fE ES58a 2 aHBV LA IEM NHP HBV
.

MEW RN, £ aHBV J751 28 H L 8 B4 RFE, X780 £ HEAE HBV kil fedh & 4%
TRBAER . Bra s aHBV 1 Karsdorf /3741 v Bt'5 AMHHBV Z:[H %! G #1 E P& NHP HBV J¥ 5115
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JEARAEL,  Sorsum HBV . H:PRI A HE 73 XU 5 N SEE R Y G, E M1 B AHAL[45].

TEF A4 i ARFN R B ) aHBV JEFIR A, NHP £ HBV [FAIRFE T R EAEA, [FE HBV
S D (D6 WAHH E BUFHI 25 | aHBV FAIR K, HTTEREUD[49]. B0AN, ZE R/ 1 HT A 3
RARHN A A aHBV 23 bk, @AM R 7 5EH A C (C2 WA AHKE = HBV AR F51[50].

3.3. F4Ext HBV #H{LER D

REKRI R Erh B A L. RSEIEIR . ARIEAEAE HBV (it A% 47y 8 o 22
fif . WA, REKEEIET M, KLALE 4500 mya, #5r RAKKEARITRE ZIEM[51]. X —IEBFF
AR RATERN SR AR SR, Al FTRERZM 1 HBV BERR AL . 28 K, &R
TR IS T BRI . BT HBY 5 5l R K HBV R IR 122
SRR, TTRES [H KRR FHT K REARTEL) 35 mya (1153773 4b DLK B8 i (R 3 B% 296 55521

NR M AESE S HBY M LB UIRIOC. AMH &IETIEM, 29200 kya B, FEZEDI T2
UGEHE[53]. IR RS, NSRS AFERARENIAE e l, 7T REFE HBV M stie. filin, R
BRI RAETAE R b 5 JE 28R AP E R LA R A T HENAZHL[54], X ATRERAN T HBV fEA
I X AL AR A AL . AN, A Ar SEON O AT B, oy HBV MBS 175 2 bl . 12
KA AR, AR IX ) HBV BRI A o) gk A 7 EALANAR 5, TR 1 N4 %) HBV JERI LS A )«

4. A\ HBV &iR

KT HBV HEGRCIRAEE Z R EIR, AR FUHE S AR YR AR AR X 45 5 22 ok S A
N, AN HBV &IHE T Bt A [55]. SR80, HBV fEIHHR R KRz oAz Ul 8 2 fist. aHBV
R IE AT HBV [0 7 52 7 HIVGR, ik, 55— H 4 10 7561, HBV 5 AMH 3L
ik, JEBEE AMH JE H AR AL RE[56] . 155 ST 7T A K IS I 1 35 A0 53 52 R AR AT (1) HBV
B BAAEZE R (57], I 2E R Al B GE . b4, Aottt HBY &IE T R KK,
FEFEME G R A S YIRIERE . (HER T 7E B R IEERS B 18 F4h 58], AR5 RKHKEW2 (A
RKIF R WEEPERRIESE . 5HALZ 3P HER A HBY &Y TIE A RKEAHR, Paraskevis S [F]
H[S|HRHTE HBV T 33.6 kya HEANZKIEEHRE, 405 T 8kya. 7kya Ml 13 kya MG NERIEIE . J%2
K %, {HRXT 33.6 kya HBV Wfaf 726 A\ 25 (RS Y55 fdR%

5. RS RE

rRE BAR A A E HBV B A i B E R 2 —, (H2 52 2030 SERT4ERE R BT BAr 35
7, TR, FELE CRTE R S T a8t E B A RS, R RAT R B — 5 T R P Al R IR T AR,
PR HBV 7 R[50 St 2 e,

ELWMB
B H AR F 475 4 00 H (82404323) .

STk
(11 EBR, EER, =8, & SRR AR MNE G Z B MR, SEYI R, 2019, 59(12): 2263-2275.

[2] HEBEAR, A, Wi, % HBV ME LGN K8 2 BT R 25V 3E s [T]. B2 5@, 2015, 31Q2):
152-156.

[3] Erken, R., Loukachov, V., van Dort, K., van den Hurk, A., Takkenberg, R.B., de Niet, A., et al. (2022) Quantified
Integrated Hepatitis B Virus Is Related to Viral Activity in Patients with Chronic Hepatitis B. Hepatology, 76, 196-206.
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