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B, WY (Tupaia belangeri, tree shrew) HZITR
K2shdy, 5AZAR, HMLoinekens . ek
PRI 2 R G0 R R M 5 AR
SERUBRERERY AR o ER B EAA RN R R
AR B e S A e 2 W R A, ORISR
T AREZLE PR 20, JCHR X2
R R E AL, R AR . &
WL THSmEE . FeRINEE . HB0NEE . I EE .
IR RESE 20 DAY R R, H AjEe g iz
BEMI B HA SRR AN R . SRR R T ME Y
REFEhW, W&ot B, FrloR H SR
TRAE R Sl B AT JE2 N U R S st 98 A ]
170 TENSIREERGAEPRIET T, BT 2N

.
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WA (tree shrew, Tupaia belangeri), 1E4Hf#T] . #f
GRE « N9 i BRI U3 AR 055 i 5
K2, B ALEFEEARML, HA RN W35 AR S
B IR AE R A, TR TR BRI 1 2
W, JUHRAE R R M RIS 0 B A B AR
B, [, R A L S R R A L, R
WFSE I R AN 23R4 T80 Y BRARASERY

Wk A S S I AL AE PR B AU EAS S FNAIE S Il R
fRARA s, T, AEVES TR E A 2 R
SRS B, FEHESEEE AL B B 5 TR AL
SRR NS AT B H AT, R
Y TURNEE 22 09 NS 2 AR i SR i A (T 1)
ASCA G TUAF 56 T N 2R 75 1 vl J A
B, AFE ORI RS (hepatitis B virus, HBV) |
NAIFF R KT (hepatitis C virus, HCV) . i /BR
B JUHE 2R RS LR SR IRIEE 2 (SARS-
CoV-2) . ZEFRINFE (Zika virus, ZIKV) FIE R
7 (Dengue virus, DENV) Hf fi J8 L A5 5 11 [ Py
AMAFTEIEFE, LIS SR XHZ SR A T fi# o
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Fig. 1 Tree shrew model of human infectious disease
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1.1 #HIEes Fa R i L

B Ry SN AL TS BRI — S/ NI L 3h )
FEBR2E S, BT —inaldE i 23 7 B (Tupaia
belangeri) o "' [E# | (T belangeri chinensis) ,
JETEMH, xBEEWRIEL (Tupaiidae) FI%E)RE
WRIEL (Ptilocercidae) 248k, FE/40A T AR
W, FAEHIX, A [ P g P X3 AT R e — B
AR, ARSI R 8 MY SRR v [ A B A AR
Wisr A 6 A, EDE PSRN . AT LA,
[Ea 17N = A N | 127 S B R 2 SR 8
TR RN A BN R AR EW . AR5 R
K H W o Bt a], A SR 5 R RS
KERRIE Y B I0E X NS R
TR 0N R 4 T L 30 0 1 2 2R SR 2 AR RS F A
R, BTN, WS RS B i,
R A A B, A BT R i B T 46 AR S s 1Y)
13MF 5, R RAH DGR B 5 NS (] 5 L [
A ARBLEE Y57 T /N BRORH DGR IR 5 A IS () 55 PR A A

RLRE, B R 7 K Hh A Bk 5 A 28T R
I, UL R LN RIS AR LR B 1) 3
RN e | RS IR i SnIL Y el T S S SEN
WSr, DA SR R AT S — WU i 56 DR 2 1) 3
(KIZ version 3: TS 3.0), ALSZEL T i3 K 20
BE ) B Ui AL, ARG AR T A oY
SR, AR R R — R B A TE
N FHE R T TS S B9 T st 3

1.2 RV FNEIREE

PRI N, SMERRI TR, Wikdn, Sk
I (45 KBEAEXT) , REK. e, BEN
IKASOKE A, RBEZEN, BAFEARE 120190 ¢,
K 14~22 cm, J& 12~20 em, .k 1-3 %, %=
3132/3133, K. /NMRAEIE &k, Ko H
W, IR 41~45 d, 1~51F/1G, 8~10 g/ff, 2~3
A, THFLI35~42 d, Fifiv8~124F ),

RS AT B A AL . SEPR 4~ 45 )y T R A
I s FARR . N E WG s shy, It
5 REEEYAH A REN  EEER SHrER
JRAAR, AL AR BRA AR RRAE 2 R KA,
FEARZ D7 AR R T A W B2 505G, )kt
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B Kt A S BRI BRI 9 R B A, R
ARG 2 Fh 5P RIINRE, A RN
HURE R RE R S L

2 ZEMREFRREHRIE AR

21 ZEFXRFES (HBV) WRBRER TR

HBV 7E 2 ERE I N EGL T 2042 N, 7l 58002
PEIF A . BFREAL AU A i 0 VA R e g
FESE 25 30400 ) I IR L (B BRI R AT 2 48k
TRFEOCT-WPIRZ —, B FEHLERALL
PAERE Y, HBV s EMEEAER AR, Liark
PERE (Pan troglodytes) # FHVEME— 1 A R B GL AR
0L SRN, R TR EB2 R AR ERRN B 4R
AR, BRI T BRI, R
HEST — A S I HBV sh A0 . i 2 4 438 o)
Z HBV YL, (HHRYHORBAL, JF R ek
Wiz g 2 (EE X HBYY 6 2 19 e DL A
TR HBV fufE RS A5, M{EREdE & HBV
YL R ORISR Z B, HBV A1 T2 % Bl
PR AT 75 & R TR & 2B . > F HBV B iy
i, IR E AN i E R BL, HBV 121k
YLRBISAE 160 B35 IR LA 1, P &R
R 52.9%, M HER YL HBV sl i 422 fh 5% i 2
Z Bl R REGR500 0 11.1% F112.5%, 3%
T HBV F# #h 55 K B1 PRI E A S (0 98 & 0%
AR O gk @B T 20 g P HBV

Yo Lol Kayesh 55 1Y WS KB, BT HBV B A
RS, ZHRSCRAE2ES, HPHBV-A2 1

SEFHACR T HB V=, {35 1 R B AR A1
ANREHRBR Sh ) 35 1% 78 S 6k HBV ik PR R A2 1 0
fUsZ . H AT AR 8 f HBV JE A8 (A~H) "7,
HAHIEE HBV ZEN AR 512557 KT 8%, 1k
BRI, 3088 LR HBY S5 R AR (9 R IE 0 oK 58
AP U T A R HBV A 2 I 48 1
SRS, 5 NSRS B 4 4 4
ARAEARAL o, R UE AR R R L HBY S, R
FREBTER N KITF eI E . ehh, JsUNT
A0 Iz T HBY WG IE Y, X TR
HBV B9 & AL $2 Bt 1 3k — 20 59 1 AR 4l =,
LU BIARSI73 8 I 77 04 AR X I Ao bl
i 590 = e S < 7 o = R 1 W 3 B DR i 1 2
FLAAML, R DG AR EOR S Al B 4
A, IS H HBY Z h——A- i IR 34 iz

Z Ik (sodium taurocholate cotransport polypeptide,
NTCP), F &I NTCP JEhE"S HBVpre-S1 454G
BREE T P AT AR, A R AT
2] B A 380 R T8 il ) 2 T D R ) 2 R PR/ N B
MHE R GE R HBV &l . 5 AN A 5T
i R 2R TR AR B 1) Ji 988 SR AE Rl -~ (tumor necrosis
factor-o., TNF-o), FFRa I X A i S A2 At i
YU TR, & B TNF-o HA 1| HBV & H 19 1E
F 240 DL BB RRUE SR R HBY 5 08¢, AIE
HBV B 1 R S el
22 REFXFS (HCV) RiEnEER AR
HCV & — A R ek e i, iy
A 13~1T NG X R 8, I 5008 M T
JAE AL R A s 2 5 SRR EEARL, T
IR E EYu AR, B & SRR AR
EHME— BRI F2 > B AIE /NS B A
JEHCV W54 1) — A KRG . 124 R ik, 7F
ZGEARIE , HCV AR i A P SR g A S sk e i
RUITEMF SR HCOV & A tIL Ao 2 1 10 T
TR E LN . REMR R, WHIGE AR
JEYLHCV, (HEA FHCV & KRR, e
BURF LV 2 AR R 5 NS T, R RAE
£ HCV B il 7 &2 i 09 sk 5. A5 E B2,
Amako % P ISR, FR A TN BUF R A Y
HCV 3:# )\ cDNA 15 2 1) HCV o 50 - YL A i,
JEHEAT T oI 34ERULEE, R BRI B o A 2tk
YL, IR RIE MR BE AT, FhJS28&
JEIC AR S . AR AL A . BeAh, Hlskd
R % 1003 AT DA R R T AR R, SRR T
HCV REBS IR N B it T R B N SRIERGL HCV 1Y
FEAR, B ULEA HCV Al IAEZ s P Al rh i 747 3%
S AL RE . XudE P HI4FHCV JEAY (1b,
2c. 3bF16) MY ML FIHCV e Y 20 i iy 5 5% 1
T FIET R R, 25 R oK, AR[ERHCV HE R A
FAS ] 42 5 O IR YL R B A W s, %
HCV AL B HCV 5 YL 40 i i 15 77 b3 rh s — 2k
HAIHCV & & 298w, WR7EIE R mmHRET
BRI A 20U . WF9E A B, HCV BRG] 75 [
A R %, Toll ¥ 3Z 1K (Toll-like receptors,
TLR) 7t HCV AAupLiil rh BA EZEH =, #2
FNRHR AT DI SR — e e 1) S 0 2 R A o ML AT
FERLHY 5 HCV AH G AR Rl 5 R 20 24 o 81
FENME I 163 A~ M2 5 HBV FIHCV W%,
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FEA ORI S DA REAE Y B R 2 X R S, I
AR R R [ B, WU R AT Ay HCV

JRGL A AL
3 R E R R AR S

31 EEAMERRASEAMTEBIRFS2 (SARS-
CoV-2)

SARS-CoV-2 B IRIE T % (COVID-19)
MECR N, ERERER, SEEHE T AR
T- 531, SARS-CoV-2 J& TR 1 Bl B b IR 7
J&, T SARS-CoV-2 S5 = Fhih I sy i) N RAL %
(R EE 2. SARS-CoV-2 BIBURHLEIE 4, XF
HT g T #E—2 T f# SARS-CoV-2 [0
BUHI AN By, S T ORR B shseay, fds/
FRUBAL . AR £ USRS | TR | e AR K
SR, DIRALREKSR . A L R XYL BB
LU AE PN A A SR 55 Al Y Bl AR X
FAE R FNGST EREE, R TEH AR
) SARS-CoV-2 JE YA AL | T fift UL SO AILER ,
VA BT BRI i, Wha R BA B¢ F R
R B el T e R R, TR 2 A
A7 B LA R 5~6 %5 1 AR AR, L SARS-
CoV-2, A5, AR R AT LA 3o o HIR VR S e sk
HEASFZRIRIRERG TSR, MG, Wi
o, ERURAE AL S A SR A SR TR,
R T] LUEYE SARS-CoV-2 95 . X B n] LUATE
KEBURGAE B IR AR . IR,
R4 T RERL K SARS-CoV-2 SR HLEIIGY . 259
FREW VRN AT S . SR, XI55 IR i A&
M, BAEME (5~6%) MR (1~2%) B
NEE5) YL SARS-CoV-2, 3% 54 1 N A
—5, ZBFNHAFR AN S Y SARS-CoV-2,
F—TgE R, R T SARS-CoV-2 [l {4 i
T, JCIHRMEE S, (RS RNIGARER . B
R A it SARS-CoV-2 B YL T 58 25 /A —2, 7]
B THEA RS MEL AR P, SR, i
HEBRA ROV R O R IEHS & T REE, X 75 2k —
32 HRIRE

TR B — P S m AR Y e EE, A
HIN1 FEOR & . HINO FBoR 45, nl Rl 2=y 1k
FRRWAT, 4 NS Al B AU ok TR K e
Fo ERTC AN TR R T i 88 ik

R TE NS ERALE . S50 B EUR, HIRY
AT /N R LA TS N . F7E 2013
4F Yang %5 BV FHAUEOR R HINT 2R R, 38 ad 43
FrifkiRAsfl . Mg s, R M E 42
PRI, TR (AR R RIS R i B
TEREAR I 7E B R A0 P ARG I 3 HINT B9 &2
file A5 HINT#E AR ERER (sialic acid, SA) o
2,6-Gal Z K12 50 A7 TR A SR S B0, i
SAa2, 3-Gal Z &N FZ A TR RG24, Li
U RGE, WD EAS 5 A ALY SAa2, 3-Gal il
SAa2,6-Gal Z K504, 28 B 5 v —Fh A 47
(T A N S gAY, I 5 55 ST R AR & i Jek
(HON2) e A AU, 7B, sy
W T RUFIAT IR G —BOEFN K Bl [ P
Sanada 2 ) H5SN1 I HTNO & Vi B 2542200 2R
Wi, FEXTHSEOREIE T AL, K HSNT B
BRI  REEORIE G R, A & AR
o MZT, HTNO Wi /B 2 B vl 5 |k Jey kA
il 4 o il 9 1) 77 AR S5 408 9 M A PR 72 SR KT
Ko IXLLZEILILR BRRT LLE N & R BEIFSY
() 55 —Fh A A SRR Xu 45 41 X HIN
Ui O TE (A/Y )11/1/2009, pdmHINT) . & U5
HSN1 R (ARG JE/H 8 /2/2012, H5N1) Al
AZBPEHING YK (A/FRN/SZ19/2014, HTN9) J&
b R AL e e R AR EER T T P-4, RBUHAER
R R AR R R A I AR . FEFE R
(AR = A T s B AR e R L, RS A
ZFERG R . Yuan 28 12 2 BN $R B AU
TR T A R, RS AR 2 IR I B T R AR
I I PRAE AR o O B R 21 IL-6., IL-10,
IP-10, TNF-a, TGF-B mRNA KT, BFgess s
FE A R 7R B BEF ST R B I . IR FIT A
SRR A R T T A SE S AR AR PR T R A
FIFEIE . 5380, PR RIAD RN RRL, SR K
JEBh Y PRI AR, LA S S TSR AR L AR Y
A, AR s HA R 5

4 WIRDARRE R REE

41 EFRS (ZIKV)

ZIKV [RGB R A T 8, 8Ky
TR AR BUE Ay “EFROCHN R AT
AT B, ZIKV EZGE T e, (HE
A3 I B R ARG TR G . BT IS T
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BURYT ZIKV IR YL (P i sl bUm 2 254 . IE A 2R
ZIKV B &AL A 32506 8 09 A FAE X2
MR BRI R 2R EE . Har, AHaE/
B KRR KRS I LR sh iy, (e T
il ZIKV A ECR ML AN 1 5 S i B TR Kk
& SR, MBS R IR, L U
B 5 NGk 22 R R RS e
KAEH IS A 1 FE G AR, ST
AfE . K R, e g i rh iR
PR RRAEAR ' PR, TR R — R R
N H BRI ZIKV BB I 2280 I ACHE AR 1 50
YIMiRL . Zhang %5 T (UBIFIE R, BRI R RR
ZIKV 272 A Ja 8 09 B MUAE , 3 IR RY (%) 7 JiRAE
R, RICHIRT KEFRESEEE, 5AKZIKV
Y E FRIAPERAR L . 2R, A 5 & ek
AR S o (AR A, A R
ZIKV J 7= A W Bo A 5 8w B 1k [ 95 995 B P Uk sk
Yo, FEIWEBIE O] B TR 0L . Zhang S
WFFEIESE T BRI YL ZIKV (RS St v, 45
S, AR L L B2 JPAN  sh bk B AR A
JIXT ZIKV IR LA 5 e, JFRESCRAR R
il o 386 % BOA R VR A ZIKV B 1 s P A
HET5RAT T AR o

42 EHEJFS (DENV)

DENV J& T #J% 8 £} (Flavivirade) #5758
(Flavivirus) , A7 4/~ 1175 %Y : DENV-1, DENV-2,
DENV-3 f1 DENV-4, =5 %38 o #5 K A7 e i i g
Ige A B B4, 25 AR A i fid B a1 /™
(U 7 T TG A% BT DENV 254 FILE T
TGRSRy, I B AR —Fpa B R
AZE DENV B /NI YR . Kayesh 55 Y fif
FERI, WD AT 4E AN 6T DENV (Y 4 i 7 7
YL H AT 5 B, 7E DENV B i 12T 4k 20 1l
s W %% %] TLRS 1 IL-8 mRNA ik [ . Jiang
S I T R K R SHIGR E A DENV, 2
22% FR RTE R 1) 3~22 d NP -5 A AR BLR) &
FPGEAR , YL DENV (R BUAR TR . 78
YL S 45 AR BEASLE MG R B T . AFFT 4R
T, BERY DENV R B 5 AZARLLA IR R
SER, DR A R ] BE SRR ST B B R AL Y A i
B, (EASVERR IS, FETHUA A B 5 i
PRSI SR AL T S ™ E R SR I R 3R
Mo WL, AT RS EPERIN A, T
B IRABIRIIE

5 HftRE MR R

51 7725 = (herpessimplex virus, HSV)

HSV & N o W R ik, A it
80% I N\ HB e 5 HSV, — HL e I 22 B v R
HSV J& T2 #FF, A HSV 1A (HSV-1) #1
HSV 2 A8 (HSV-2) Piffp >0, HSV-1 F 2 1
JEE WAL TS, AREE AR AXRR A RS, HSV-2 FE
AT TS AT AR XA Y B RETBA 2 R4
Hu I & HSV-1 LR RAIR ARG (8% | YRR s T
5%, K PRI AR IS ZE A RN A B S R R 2540,
Y i 55 A5 B B 4 A HUL N B SR 20 B AR AR E
R, FRTHE— PR LA . RRME Kt
FE, DA R R B PR AL o IR AT Ry
PR BRI RYGTT M0 2 25 S (AL BAR Y 5 )
FEAL . AR, RIS A AR & B HS V-1 A AR Ik e
WRIA A2 2240 ), Darai 55 Y X4 (28~
45 Hiy) FAAE (150 HiS) MRS . M
H S ST HS V-1 MTHS V-2, FESFE A H
) 25%10° pfu, Z5RFH, HSVIEYL B4 4
i PRAET, HSV-1 FIHSV-2 7E4TAER S B
R BT A A R A 2 BRI A A TR RS I
HSV R #E . Wang % ) WF 5% & BB i 5 N\ 2
AL, HS V-1 JRYLAFAE (OAEYE , HSV-1 3RS A
WA R = XM 2T Th R AT ICPO % 5%, HLAE ICPO
FVLAT 0 4t X AT — A6 5 ARG 6 Sk e, i #E
INERRR AT, B LAT X gkiE 5%, DL Egs il
B, e A LR 1) HSV-1 FHCER R, v
PRGOS, WRBAEM R sR s, X T
HS V-1 B (A A RS AR g FH M
52 AFEHEREFRH1E (HIV-1)

TIRePE 2 04 K A =B B ] R 72 BRI R s Fh %
FEFNRE A HIV-1 B SBR[ R R R, 4
7. HIV-1 J8 G 2 4 55 70 J2 iR A1 fife ke 110 7 22 B 2 )
M, B OHT A M S B FE e B (simian
immunodeficiency virus, SIV) FIE/ A G s B F iz
& %5 # (simian/human immunodeficiency virus,
SHIV) B4 R A2 B PAsi i I Ji 3 g A& bLtil
Y NPE T TSE . HJE SIV 55 HIV-1 By 3E R4 H A
40% A I R IEE . AR EE S B HIV-1 )5
(e RN A R o I H R KSRy () i A7 AE
GEUR . ACBRBR I LA S A m A A, R, A
/NF B AR HIV-1 SRS I EE 2L HAr . it
KA AIBA 50 f—TAf oY & 20, AR B AR A0 B
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% S HE VSV-G LI HIV-1 B e R g L E i, 2
HIV-1 84 RUR #E AN BE [ SRR R i it , %
TR W 240 Jf e = HIV-1 Dyfe sz Ak . 5% 4« A\ HIV-1
Z K CD4FICCRS, #2147 CD4J5, W4
RBA% S HE HIV-1 19 A 2RI, TIERH CD4 D RgtE 22k
JERR ] HIV-1 B B A i £ Z N 2R . IR R B
i APOBEC3 fEfE A A0 FR 1 HIV-1 & il , 4540
HIV-1 30 5 sk B DA AR s 5L 2 2 A G-A 5
C-THYHRAS, Hrh A3Z2¢-Z1b i 1% Pk o ),
DL EWFSE R, HIV-1 G ) 3= 247 $ D Bt 32
1K CD4. 15 EBRHI KT APOBEC3 AYBR I, X h
AT A I8 L R G, A R A AR R HIV-1 308
Y

6 BEAE5REE

Sl AR B 57 X T 50 B R A K R L
i, ASIEM 25 et A st oS, —4>
PRAE AR AR R Y B A . BERENE T A SRR
S REIERYL | AN AN R] A B LA R
Yl BE I 1 e B A I L A F I . (H H TR K
2RI D e T b — i oE . XLy
R p i 3T NIRRT PR
FREMRLZHE (WHBV, HCV, HIVEE) (1) H K
e, (A HEWRIG PR K A, SEE6G 9% S 55
Jir RN FH 3 3 S B R

5 RSO RS R A B B B A, RIS Ak
TEAFRALRE . 2R AR FISE DR 4 24507 T B AR AL
e FREL MR RESIRSY Y, RRKE
(o, JFHA EEEY, (RAEVN . BT,
RiRE HBV FIHCV 2k 5 ARl s, BA 5 A
FHILY SAa2, 3-Gal il SA02, 6-Gal Z 14434 ,
Je IR R EE A 6 A5 B — 3, IR AT A i BRI
Yy KSR AR R — 20 & A AT A2
PPN T R LR S B E T R AF R

SR, AR RIVE o 23 B e BB ] FH 1 A7 A — 2
AR a8, 158, R SE 0 2l MR i i
FH, BN AR BT 938 15 S MR i ast A% 1 o3
LHRAEZ b, SR A A ST R SE R i R
RS . AL LT S ARG IR A
Vi M B AR e R R T AR i =, R
W72 IR M B ST B F R i — AN RS, B
A, RN B B I sh A5 BT 1A TF JRA i 8
i R BN TAE, BRI, BRI sE 5 &R
B — ERTy, R 2 A\ S E RIR YL B i

FEAIR AR EM KR ER . JFH., 2016 R Y
WFFE TR RS B IR AR SAS R R, AR5 T 4%
LD 00, SR B R LR R A ST AT R R AT
FEhit, WRFE— PR SR R AR Y B2 oY, S
TR BRI B 2 N, X T iR R R e e
R L BB LI A E A AL R R A
PIAE, X T4 B B2 S LI sh Mo
S5 1 [ o 7 EL A EE R A RS R . HaR, k=]
FHF W RO A IR, A5 564 i ) sh A
TIRESE TAESR/DIREERT B, b EWIEEI L
KR TAT R SRR & Ak, fEis
FHBRY it S 365 v 9 B 246 K 22 50 B A 1) 0 R T 2
P B2 . RIS A0 FE s ok S BN v mk ORE
KARTFHAE, RS — PP sl AR o A K Bk R
TERhY, AR RS, T LA RO B 8
JERRURR, KA AS B 2 SRS R BE2E | g
WEEAEAR R AE RS . #7 ZAEFE S U ()3
B ELICEM L SE MW (4, EE2ST2
1) K 2 A R AE . RS IR 1%
AR IR PRI EALWE SR & H AR 1 R
H, B aE R g, S0 . Johl
FRAGHE Jg 5 WL S ) A B2 AR AR R W R . ),
HRGATTT 20, BRI P 0490 2 B g i B S A4
fiX, XUSEAKHITE N —ADPRER, (HREE TEY
s PSR JNTRSE . SRR TRRROR K AN R S
RE)RIRE, Ead X aE Ao, 2 R N A i,
DAS ST R SE A B 2R, TR SRR R I A i
R R B SRR AL, R X B TR S B AL
HIESE . 25 SR i R BRI RS

2 £ X W

[11  ZhaoS,ZhengP,Dong S, et al. Whole-genome sequencing of giant
pandas provides insights into demographic history and local
adaptation. Nat Genet, 2013, 45(1):67-71

[2] bk, sk, BE, 45 . SIS A NS08 Y RS L AT
FEMER . SP)#0F9T, 2013, 34(2):59-69
XuL,ZhangY, Liang B, etal. Zool Res, 2013,34(2):59-69

[3]  Tsukiyama-Kohara K, Kohara M. Tupaia belangeri as an
experimental animal model for viral infection. Exp Anim, 2014,
63:367-374

[4] Kayesh M, Hashem M A, Kitab B, et al. Pathogenesis and immune
response caused by vector-borne and other viral infections in a
tupaia model. Microorganisms, 2019, 7(12):686

(5] ERCHE. h EBRI IS . SRt oE, 1987(3):8-25
Wang X'Y. Zool Res, 1987(3):8-25

[6] Fan Y, Huang Z Y, Cao C C, et al. Genome of the Chinese tree



2022; 49 (5

eIk, % MRS RMERNHRIER

+835-

(7]

(8]

(9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

(20]

(21]

[22]

[23]

shrew. Nat Commun, 2013,4:126

YeM S, Zhang JY, Yu D D, et al. Comprehensive annotation of the
Chinese tree shrew genome by large-scale RNA sequencing and
long-read isoform sequencing. Zool Res, 2021, 42(6):692-709
Shepard C W, Simard E P, Finelli L, et al. Hepatitis B virus
infection: epidemiology and vaccination. Epidemiol Rev, 2006,
28(1):112-25

Lee W M. Hepatitis B Virus Infection. New Engl J Med. 1997,
337:1733-1745

Xu G, Gao Z, He W , et al. MicroRNA expression in hepatitis B
virus infected primary tree shrew hepatocytes and the
independence of intracellular miR-122 level for de novo HBV
infection in culture. Virology, 2014, 448:247-254

Yan R Q, Su J J, Huang D R, ef al. Human hepatitis B virus and
hepatocellular carcinoma I. Experimental infection of tree shrews
with hepatitis B virus. J Cancer Res Clin, 1996, 122(5):283-288
Walter E, Keist R, Niederdst B, et al. Hepatitis B virus infection of
tupaia hepatocytes in vitro and in vivo. Hepatology, 1996, 24(1):
1-5

LiY,SullJ,QinLL, etal. Synergistic effect of hapatitis B virus and
aflatoxin B1 in hepatocarcinogenesis in three shrews. Ann Acad
Med Singap,1999, 28(1):67-71

Kayesh M E H, Ezzikouri S, Chi H, et al. Interferon- 3 response is
impaired by hepatitis B virus infection in Tupaia belangeri. Virus
Res, 2017,237:47-57

LiJ, ShiT D, HanJF, ez al. A systematic study of Tupaia as amodel
for human acute hepatitis B infection. J Vet Med Sci, 2021, 83(6):
1004-1011

FR RS IR, S W BRI N S BRI AR
MUEFEAEAIBITSY . PRSI AR R AR £ 4, 2003,17:21-24
Wang S S, Sul J, Zhang HY, et al. Chin J Exp Clin Virol, 2003,
17:21-24

Mizuochi T, Okada Y, Umemori K, et al. Evaluation of 10
commercial diagnostic kits for in vitro expressed hepatitis B virus
(HBV) surface antigens encoded by HBV of genotypes A to H. J
Virol Methods, 2006, 136(1-2):254-256

Okamoto H, Tsuda F, Sakugawa H, et al. Typing hepatitis B virus
by homology in nucleotide sequence: comparison of surface
antigen subtypes. J Gen Virol, 1988, 69(10):2575-2583

Yang C, Ruan P, Qu C, et al. Chronic hepatitis B virus infection and
occurrence of hepatocellular carcinoma in tree shrews (ZTupaia
belangeri chinensis). VirolJ,2015,12:26

Ping R, Yang C, Su J, et al. Histopathological changes in the liver
of tree shrew (Tupaia belangeri chinensis) persistently infected
with hepatitis B virus. VirolJ,2013,10(1):1-11

Yan G, XuG W, He W H, et al. Sodium taurocholate cotransporting
polypeptide is a functional receptor for human hepatitis B and D
virus. Elife, 2013, 1(1):¢00049

Kock J, Nassal M, Macnelly S, et al. Efficient infection of primary
Tupaia hepatocytes with purified human and woolly monkey
hepatitis B virus. J Virol, 2001, 75(11):5084-5089

Sanada T, Tsukiyama-Kohara K, Yamamoto N, et al. Property of

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

hepatitis B virus replication in Tupaia belangeri hepatocytes.
Biochem Bioph Res Commun, 2016,469(2):229-235

Schlabe S, Rockstroh J K. Advances in the treatment of HIV/HCV
coinfection in adults. Expert Opin Pharmaco, 2018, 19(1):49-64
FengY, Feng Y M,Lu C, et al.Tree shrew, a potential animal model
for hepatitis C, supports the infection and replication of HCV in
vitro and in vivo.J Gen Virol, 2017, 98(8):2069-2078

Kayesh M, Ezzikouri S, Sanada T, et al. Oxidative stress and
immune responses during hepatitis C virus infection in Tupaia
belangeri.SciRep,2017,7(1):9848

AmakoY, Tsukiyama-Kohara K, Katsume A, et al. Pathogenesis of
hepatitis C virus infection in Tupaia belangeri. ] Virol, 2010, 84(1):
303-311

Tong Y, Zhu Y, Xia X, et al. Tupaia CD81, SR-BI, claudin-1, and
occludin support hepatitis C virus infection. J Virol, 2011, 85(6):
2793-2802

Xie Z C, Riezu-Boj J I, Lasarte J J, et al. Transmission of hepatitis
Cvirus infection to tree shrews. Virology, 1998, 244(2):513-520
Xu X, Chen H, Cao X, et al. Efficient infection of tree shrew
(Tupaia belangeri) with hepatitis C virus grown in cell culture or
from patient plasma. J Gen Virol, 2007, 88:2504-2512

Wang F S. Current status and prospects of studies on human
genetic alleles associated with hepatitis B virus infection. World J
Gastroentero, 2003, 9(4):641-644

Zhou P, Yang X L, Wang X G, et al. A pneumonia outbreak
associated with a new coronavirus of probable bat origin. Nature.
2020,579(7798):270-273

Sohrabi C, Alsafi Z, O'Neill N, et al. World Health Organization
declares global emergency: a review of the 2019 novel coronavirus
(COVID-19). IntJ Surg, 2020, 76:71-76

Coronaviridae Study Group of the International Committee on
Taxonomy of Viruses. The species severe acute respiratory
syndrome-related coronavirus: classifying 2019-nCoV and
naming it SARS-CoV-2. Nat Microbiol, 2020, 5(4):536-544
Munoz-Fontela C, Dowling W E, Funnell S G, et al. Animal
models for COVID-19. Nature, 2020, 586(7830):509-515
XuL,YuDD,MaY H, et al. COVID-19-like symptoms observed
in Chinese tree shrews infected with SARS-CoV-2. Zool Res,
2020,41,517-526

Zhao Y, Wang J, Kuang D, ef al. Susceptibility of tree shrew to
SARS-CoV-2 infection. SciRep, 2020,10(1):16007

Yang Z F, Zhao J, Zhu Y T, et al. The tree shrew provides a useful
alternative model for the study of influenza HIN1 virus. Virol J.
2013,10:111

Li R, Yuan B, Xia X, ef al. Tree shrew as a new animal model to
study the pathogenesis of avian influenza (HIN2) virus infection.
Emerg Microbes Infect, 2018,7(1):166-178

Sanada T, Yasui F, Honda T, et al. Avian H5N1 influenza virus
infection causes severe pneumonia in the Northern tree shrew
(Tupaia belangeri). Virology, 2019,529:101-110

Xu S, Li X, Yang J, et al. Comparative pathogenicity and

transmissibility of pandemic HINI, avian H5NI1, and human



836

EMUFESEYIRHR

Prog. Biochem. Biophys.

2022; 49 (5)

[42]

[43]

[44]

[43]

[46]

[47]

[48]

[49]

[50]

[51]

H7N9 influenza viruses in tree shrews. Front Microbiol, 2019,
10:2955

Yuan B, Yang C, Xia X, et al. The tree shrew is a promising model
for the study of influenza B virus infection. Virol J, 2019, 16(1):77
Gao G F. From "A"IV to "Z"IKV: attacks from emerging and re-
emerging pathogens. Cell, 2018, 172(6):1157-1159

Morrison T E, Diamond M S. Animal models of Zika virus
infection, Virol, 2017,

91:¢00009-17
Zhang N N, Zhang L, Deng Y Q, ef al. Zika virus infection in

pathogenesis, and immunity. J

Tupaia belangeri causes dermatological manifestations and
confers protection against secondary infection. J Virol, 2019,
93(8):¢01982-18

Zhang L, Shen Z L, Feng Y, et al. Infectivity of Zika virus on
primary cells support tree shrew as animal model. Emerg Microbes
Infect, 2019, 8(1):232-241

Simmons C P, Farrar J, Chau N V'V, et al. Dengue.N Engl J Med,
2012,366:1423-1432

Kayesh M E H, Kitab B, Sanada T, et a/. Susceptibility and initial
immune response of Tupaia belangeri cells to dengue virus
infection. Infect Genet Evol, 2017,51:203-210

Jiang L, Lu C, Sun Q. Tree shrew as a new animal model for the
study of Dengue virus. Front Immunol, 2021,12:621164

Boehmer P, Nimonkar A. Herpes virus replication. [UBMB Life,
2003,55(1):13-22

World Health Organization. Herpes simplex virus[M/OL].
Geneva: WHO, 2020[2022-03-10]. https://www.who.int/news-room/

fact-sheets/detail/herpes-simplex-virus

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

LiL,LiY, Li X, et al. HSV-1 infection and pathogenesis in the tree
shrew eye following corneal inoculation. J Neurovirol, 2020,
26(3):391-403

LiL,LiZ, Li X, et al. Reactivation of HSV-1 following explant of
tree shrew brain. ] Neurovirol, 2016, 22(3):293-306

Darai G, Schwaier A, Komitowski D, ez al. Experimental infection
of Tupaia belangeri (tree shrews) with herpes simplex virus types
1 and2.J Infect Dis, 1978,137(3):221-226

Wang E, Ye Y, Zhang K, et al. Longitudinal transcriptomic
characterization of viral genes in HSV-1 infected tree shrew
trigeminal ganglia. Virol J,2020,17(1):95

Luo M T, Mu D, Yang X, et al. Tree shrew cells transduced with
human CD4 and CCRS support early steps of HIV-1 replication,
but viral infectivity is restricted by APOBEC3. J Virol, 2021,
95:¢0002021

Novacek M J. Mammalian phylogeny: shaking the tree. Nature,
1992,356(6365):121-125

Liu X H, Yao Y G. Characterization of 12 polymorphic
microsatellite markers in the Chinese tree shrew (Tupaia belangeri
chinensis). Zool Res, 2013,34(2):169-175

Li CH, Yan L Z, Ban W Z, et al. Long-term propagation of tree
shrew spermatogonial stem cells in culture and successful
generation of transgenic offspring. Cell Res, 2017, 27(2):241-252
VLT, AR, ARl 25 55 AR AR R BT A 1 T
SLEGPIRNF,2011,28(6):35-38

Jiang Q F, Kuang D X, Tong PF, ez al. Laboratory Animal Science,
2011,28(6):35-38



2022; 49 (5) eIk, % MRS RMERNHRIER -837-

Recent Advances in Virus Infection Models of Tree Shrews”
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Abstract Viral infection is a global public health threat causing nearly half of the incidence rate of major
infectious diseases in China. Establishment of an animal model to mimic the progression of viral infectious
diseases in humans is of great significance to study the pathogenesis and prevention of viral infectious diseases.
Tree shrews, as the close relatives of primates, have a higher similarity with humans in physiology, biochemistry,
genomics than rodents. Tree shrew has unique characteristics that render it a potentially advantageous animal
model, including small body size, short reproductive cycle and life span, easy handling, low maintenance cost,
and it can infect a variety of viruses related to human diseases. In this paper, the biological advantages of tree
shrew as a novel animal model of viral infectious diseases are summarized, including distribution and
evolutionary status, biology and physiology. In addition, the latest application of tree shrew in the research of
many viral infectious diseases such as in hepatitis B virus, hepatitis A virus and other virus were compared and

summarized.
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