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[ Abstract] Objective To study the modeling characteristics of hepatitis B virus ( HBV ) infection in animal
models and to provide references for standardizing animal models of HBV infection. Methods We retrieved relevant
literature published in the previous decade from the China National Knowledge Infrastructure, VIP, WanFang, and PubMed
databases. The type of experimental animal, modeling method, timing of administration, positive controls, and high-
frequency detection indicators were recorded and analyzed. Results In total, 59 articles that met the criteria were
included. The main animals used for HBV infection models were C57BL/6 and BALB/c¢ mice. The most frequently used
modeling method was hydrodynamic injection, and other method included intravenous, adeno-associated virus ( AAV)-HBV
infection, intraperitoneal injection, transgenic method, hypodermic injection, and natural infection. All positive controls

were treated with antiviral drugs, with lamivudine being the most frequently used drug. Most drugs were administered for 14
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days. The main detection indicators were serum virologic indices, including HBsAg, HBV DNA, and HBeAg. Some studies

combined pathological examination of liver puncture tissue and aminotransferase levels to evaluate disease progression

following HBV infection. Conclusions This study screened the most widely used animal models of HBV infection and the

evaluation indicators, summarized the principle and specific method of modeling, and evaluated different HBV infection

models by data mining to provide a reference for model application.
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Table 1 Frequency distribution of experimental

animal species

- . BB(R ATEL (%
S BE(R) B SE(%)
Animal species Frequency Frequency/
a% species (times) total (%)
C57BL/6 /N
C57BL/6 mice 23 32.38
BALB/c /Nl
BALB/¢ mice 13 18.30
IR
Guangxi duck ? 12. 68
LA 4 5.63
Marmots
JLITRRRY
Pekin ducks 4 3. 63
/\{J?ﬂf/.l\ ﬁ 2 2.82
Humanized murine
BABL/c /MR
BABL/¢ mice 2 2.82
R
Nude mice 2 2.82
E 2 2.82
Cynomolgus
FVB/N /IR
FVB/N mice 2 2.82
C57BL/6N-Tg( 1. 28HBV)/
Vst B FEIH /M L | il
C57BL/6N-Tg( 1. 28HBV )/ '
Vst transgenic mice
OVA-HBsAg 73R /N : L4l
OVA-HBsAg transgenic mice ’
T}
Tree shrew ! 141
HBV-X FH: /MR, 1 141
HBV-X transgenic mice ’
T 0 1 Lat
Cherry valley duck Henan '
SN
SD rats ! 1.4l
CBA/Ca) /M ] L4
CBA/Ca] mice '
. S
ARRVH B, 1 1.41

Unknown mice

K2 SRR BBIR

Table 2 Sex and frequency of functional dyspepsia

model animals

P B () B R
Sex Frequency(times) Frequency/total (%)
T
Male 24 40. 68
Female 3 8.47
W45 | 170
Half male and half female ’
WS
Both male and female 15 2.4
=]
AR 14 23.73

Not mentioned
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(79, 35.00%) , Hovlk hy 28 d (3 ¥k, 15.00%) . FH
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HIHF il & HBV BRYLBIRI A gh iy E 24 B +
P B R AT o DN R R R . HBV Rk
e B AR Y R S, R R R B Ak A A
HBV () H 2RI | JER YL J5 19 1 1 RN 5 AN A,
SEMFFE o F B PG B DI ROR BT 55 259 55 1Y
Tk (HAZ e A R RN A AR AR R
52 6] [ 57 T3 A AR e i i R ol JE N R R s e
AR L ST R, Fan %5025 & B R



1038 rf [ S S E 4R 2023 4E 8 A5 31 %45 8 ] Acta Lab Anim Sci Sin, August 2023, Vol. 31, No. 8

®3 @I

Table 3 Distribution of modeling methods

BEC(R) BB BE(%)

R T2 B R J
Method Drug or injection site Principle Freguency Frequency/
(times) total (%)
pAAV-HBV1. 2 Fiki
pAAV-HBVI. 2 plasmid
pAAV-HBV1. 3 JFiki
pAAV-HBV1. 3 plasmid
pGEM4Z-HBV1. 3 Fik:
pGEM4Z-HBV1. 3 plasmid
pUCI18-HBVI. 3 JFik:
pUC18-HBVI. 3 plasmid
pCS-HBVIL. 3 [Fh: MU B T kR S DR A, 3 AT I A7 P P
pCS-HBVI. 3 plasmid JyFhE, R GRS K 3 J3 UGS () ¥ HBV
KT TR 5(1331}331 II:Ig\B/\lné3 {rﬁ:*id DNAd%/'\Hfémﬂﬁf 1 5 of fluid fi he tail
Hydrodynamic p 1= - plasmi Ra.pl 1nje?110n o arg(-: amoulllts [© Llli r-om the té:l.l 28 47. 46
L Paywl. 3 FikL vein of mice results in an increase in intrahepatic
mjection Paywl. 3 plasmid vascular pressure, which uses transient hydrodynamic
pHBV4. 1 JEhE forces to mechanically ( high-pressure) squeeze HBV
pHBV4. 1 plasmid DNA into hepatocytes
peDNA3. 1 ik
pcDNA3. 1 plasmid
HBV JEH A 24K DNA
HBV cccDNA
HBV DNA FHPELYY
HBV DNA positive serum
HBV 7
HBYV solution
AAVS-HBV1. 2 FHFH 1o B K S AAV-HBV (3 bSO kR0 15 R
T2 AAV KNS AAVS-HBVI. 2-infected mice  H1) , 7EJF 4053 w44 Y% 10 HBV Fik 20
) HBV Jg&k i AAVS-HBVI1. 3 HAH High transfection efficiency of HBV-expressing cells 5 3. 47
AAV/HBV- AAVS8-HBVI. 3-infected mice were obtained in hepatocytes by tail vein injection of ’
infected mice AAV2/8-HBV B4k 7 AAV-HBV (not high pressure injection as mentioned
AAV2/8-HBV-infected mice above)
Tas ik
Unknown vein
HE K
Bk Jugular vein EricE S HBV 55 BE A 1t 12 20. 34
Intravenous injection JiZ K Intravenous injection of HBV strong positive serum ’
Tibial vein
MK

External jugular vein

Wi WIS 5 HBY 5 T 3
Intraperitoneal - . L .. 6 10. 17
Intraperitoneal injection of HBV strong positive serum

njection
RS B AR (s R 4 R B ) F e B
TE AN BB 52K B0 (80 R TR AR 4R ) |
SRR LA O (B PR AT 20 0 ) AR A 52 14
SN (TR T BEH R E R A S
PRI K Y FE L 3h )
T HEA Modified target gene (or genomic fragment) is injected
I - . o . . . 4 6.78
Transgenic mice into the fertilized egg (or preimplantation embryonic
cell) of the donor mouse by microinjection, and the
fertilized egg ( or preimplantation embryonic cell ) is
then implanted into the oviduct (or uterus) of the
recipient animal to develop into a transgenic animal
carrying the exogenous gene
gfllzéjt;ﬁious - B FEEATRR WHY 3 5.08
- Subcutaneous injection with WHV
injection
SR Y _ Fe K& DHBV | 170

Congenital infection Congenital infection with DHBV
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Table 4 Frequency distribution of detection indicators

LioRlIE Y HAAEPR BRI AR EEL (%)
Detection indicator Specific indicators Frequency ( times) Frequency/total (% )
M HBsAg Serum HBsAg 46 18.18
1% HBV DNA Serum HBV DNA 43 17. 00
L b M.7% HBeAg Serum HBeAg 35 13.83
ARG 117 HBsAb Serum HBsAb 10 3.95
Serum virological indicators .
1% HBcAb Serum HBcAb 7 2.77
1fiL3% HBeAb Serum HBeAb 4 1.58
[i.3% HBcAg Serum HBcAg 1 0.39
111375 4 2 it 1L 7% ALT Serum ALT 21 8.30
Serum transaminases 1i.7E AST Serum AST 15 5.93
JHF AR OG22k JF£H40 HBcAg 97235 Intrahepatic HBcAg 20 7.91
Expression of )
related proteins in the liver RN HBsAg (IS Intrahepatic HBsAg 15 5.93
JF4H2 HBV DNA Y33k Intrahepatic HBV DNA 8 3.16
] 411 g A T YL g
R S AH-PHE e » o

Pathological changes in liver tissue

Hematoxylin-eosin staining

SR KBNS 55 2B, A0 E T A R Ik R 4 5
P, PR TR 3 D A R e g A R SR 2 il
AR, 76387 A L Y e 36 30 1 A8 e SR e i i)
JHFAL 2 B2 AR A 13 A28 HBV J5 Al As , ]
LRGN HBV FEN7 18 P R | i A B R 2
AT ARG N HBV WIzh¥) , B fE R e AR
B MRS R LRI EE M2 FEN
BN BRI, T K BUF R % 5 ( woodchuck
hepatits virus, WHV ) Fl1H5 i 98 %5 % ( duck hepatits
virus, DHBV) 5 A\ HBV E.A5 HH L &2 il J&] 10 i Jk
JUAH N A R ATAE 9 F5E N HBY (92100
B, W3 U R ARG 2, 70 JHF 4 5 70 A5 1F 5 v
oM, {5 WHY 5 DHBV ¥ 5 A HBV #Y & &
P22 WARE TS AMABI HBV L 4t 7

Ti/INER 5 N2 B AR ALY 38t 4% 7 5, HAR 7Y
N GHRAS G R SR B BTz N T SE 5 E
5%, /NRTEH: AR HBV , £258 41 &5 R K 3 J
G AL AAV RN S5 e I A SR % HBY
JERYAR Y
3.2 BREEAE

ARMWFFELE TR IN, 7E /N B S5 i 9 1 A5 5
K sh Sy SR M E A AAV 2R T4 HBV
JRYL . JK 3 7 5% (hydrodynamic injection,
HDI) 2454 574 HBV DNA BRI AR i/ U
FRKRGE T S /N B N, T R R G R
whik A DNA J BemT DAE A P, 8 it
FeSRTT A 20 RNA FUH Al HBV mRNA Ji 3 HBV
S B HBV & i b ] R f %k HBV ™,
HDI FIFRUEFEE T EAE 8 ~ 10 s AP AMY T

12 ~ 13%/NREE & (g) BIAR . HDI HBV /MR
BRI AT FH T 7 R sl RE Lt HBV &4, A1 & i
HBsAg FHYEMIFFSER I 1 ~ 6 4~ H , iR
H HBV B A R R B 2R e, i/ N R 1Y
WAL S AW PR B TR AR R R
HDI #5832 13 FH T HBV A G 58 i ML Kt
JREE LYY I IE , 18 vl A AN [R] HBV 3 R U
7 S B AR VAR 1 SR A T 25 9 X 28 A8 HBV (9T
WREEAEIT R ZORIR] HBV B 4 kXt HBV J%
YU A 05 i B ELPRZE AL T2 (HR AR AT
FEAEAR K S B < 142, HDT fl 1R R 1 2 3 1™
A AF ; ok, Bk B 285 1R A 3E HBV G g i
BAlfe o T LR A5 R a7 B 48 M 72 )\
rcDNA JE 8 cceDNA J5 TR MAR , 53X cccDNA
i e 2 LI P Y ORI LT HBV B
F AAV FAAN S8 HBV SR/ USRI okt
HEAF HBV LD 21 A0 2 A G 25 (AAV-HBV) i
SN (— R BB F KT 5 ) |, H ST R4 8%
YLl HBV /N RUBET . AAV J& 8 T 75, HAT IR 3L
e AR A B B S [A] AY HBV 3 R 7 58 75
PRI AAV R ] B A [R]85 AL 75 51/ B
A WMEA AAV ZH RN 19 HBV B/ B AE
5N T2, 5 HDI Ml H, AAV-HBV % S 1
/N BRI RE A S BT RF 221 HBV B4y FE ST S 12
JA2) 60% T 20235 HBeAg' ™' | H AAV-HBV /)
AV I HBsAg BNV 7E 3 5% 4 S A N AR F5 26 4
XA R R KSR A R AR ok T IEA G 12
PRI R34 7 PR 1 RN Toll RE A2 1A h37) BT 35
YEFI™S . SR, AAV-HBV J& 753 i reDNA £ /) B
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HFEM P F=A: cccDNA AT E o

BRULLASN , HBV 5% JE R /N ALY AE CHB (1) &
AL B B 2 24 40 i 28 7 TV 2 . HBV 7%
FEP /N BUAT e R M 2k HBV 8 (1 (445 HBsAg,
HBeAg HBcAg 3¢ HBX) & 4 HBV L4, fi & ]
TR HBV 8 S s MBUEE ), 5 #
R HBV ZEAR N i r s i A= an R, a2 H
SR Z R L 7/ NP N oy QRN | B oo N | sy Rt ]
JITA HBV 36 /N U 2 060005 B B Ji B A 592 T
T NG R R A g R R O Hoax b 4 Sk
PR ZH 2L B /N BUFP B 2 ceeDNA | 3 26 1T RE PRl 1 2%
BRI R
3.3 SIMAMERS T

EN T S N i A O Rl KR N
HBsAg, H:¥X & HBV-DNA Fll HBeAg, IfiL7% HBsAg
FPET cceDNA B4 519 mRNA B0 A A 75 F3E R4
fY) HBV DNA 51, HBsAg FHIEZ 2~ HBV &4, H
I, HBsAg F9 2 s R 28 76 I R e gt )32 i,
KO AT R W 9 S W5 5 i i R LR
HBeAg JEEA i T EA R A& A, HErg
PIESE S HBV JEYL 5 1 T e DI RE i = AL I
K HBeAg PHME— i /R 1 6 HAT #0515
PE, X T NAs 1GJ7H) HBeAg FHTE CHB f3
HBeAg ILf 4540 55 15 37 A 3 o3 S e s il AH G
WG ACHE FLAE S D B 397 A% S AR
i3 HBV DNA 7K AT B 42 S s 35 A2 il 1% Ol
& HBV B 5 A Re 5 R B0 UL 8 A , 2
TEI R 9 FHAE I 2 15 55 s b #8097 BL 7
BTG EE A ARz — ) DL LR Al S R
5 HBV DNA 1 & 6l 15 &, 78 J] Wr i B oy S 245
Yryy RO A D T AT S X, R T
AR
3.4 #iE

HHT CHB MR I7 5055 2 DR iR @, CHB
(R EE 2= AL TR R 245 BIF & #1015 AN I By A A4
ISCHE, F4 AR 3 5 B A ) T 5 A i ™
T BRERREEAR . BRTOCT HBV L sh P Al
(A3 45 1 TC 58— B PE A v, L 1 P 90 Sk 22 DA 25
W IIE N2 Sl RS R (1 28 R 45 AL Bt i, i
TR BRI SZRE . AHIFSE 0 AR 42 4 1)
T5 s 3 R I R AT T IR AR S
5430, % LR R T SERRAFSE h HBV IR YL sl e
RN RO, IR H 2%

AT AL B 2 B & B8 H R HBV B YL 3
YRR Z 3 CSTBL/6 /NFURT BALB/c /MR, Hk
SRS N 4K R, AR 3 LA/ B R K 3 g i g R
AAV-HBV /S0 ek 3 FS  + 4 B HBV &k
PSSR 7 7 2o 2 B DK sl s 5 HBY 5 FH
PRI . R85 L HBV AH 56 L5 56 5 2= 78 b Ky
F, F% N HBsAg . HBV-DNA Hl HBeAg, #8430 5%
G54 T A 200 3G A B A K OF- Sk 1EAl HBV
TR 5 T it

HBV B S YRR B 1k 2 Fh 24—
YRR TC AR PR 1Y & B B, PR A5 35
For TSR R A L 4 B 55 iR AR F 92 B
FRERE A3 1) S A 7Y | B DR ATE 9 45 SR B Bk 2
H T HBV 4Fak Y, H Al E T sh PR ok 58 42
EIAMRIRY: HBV J5 1 B fE , R S7 516 PR
o BEL R 1R B — B S B TR J AT 5 1Y) A
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