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Abstract; Classical swine fever is a serious swine infectious disease caused by classical swine fever virus
(CSFV). The effective control of classical swine fever mainly depends on the development and application of
rabbit attenuated vaccine strain of classical swine fever. However, the real reason for the attenuation of this strain
has not been fully clarified. In this paper, the effects of structural proteins, non — structural proteins and non —
coding regions of CSFV on virulence in recent years were reviewed, in order to provide reference for the research

on the attenuation mechanism of CSFV and the research and development of new vaccines.

Key words: swine fever virus;attenuated mechanism ;virulence

Y& ( Classical Swine Fever, CSF) 4 H1 ¥ 5 0%
7 (Classical Swine Fever Virus, CSFV) 5| # (1) 5% fi
ARG YR Z — ARk T ERME
TeH e St B s DA 48R A 20 L 4R B

g2 —, T [E 2022 4 Ly RO 2R YR .

E£WH: HAREERLTII(21ZD3NA00L -6)
BB/ LR
BHAEE: XL, E - mail:zjsliuyebing@ 163. com

CSFV J& T 80 i PHEN B2 &8 | o — T AR 0 22 Ji
TR, HA 2 12.3kb (LR IESE RNA L4,
FEPR 2R A0 B — ATk e 12 AE (ORF ) , 57 i £l 3 iy
BAH NGRS IX (UTR) . 58 WOk 4 Fhak iy
HE(BOEA C ABEEESR E™ E1 M E2) DR

I A WIS 1] AR O T B LRI



- 88 - [ B 2 2 5 2023 4F 9 145 57 455 9 1]

Chinese Journal of Veterinary Drug

8 FAELE B H (NP . p7 \NS2 | NS3 NS4A NS4B,
NSSA I NSSB) 41!, %F%t CSF A B, Hoik &g
REC Tl B V8075 0 P B R N B 2 58
FEPE Thiverval ¥R2 OIE HEFAUEEN] IR 1 R &
MG HRTREE Alfort 25 B A7 A (U6 B 28 T ik, AT 7T
SRR RO RPR PR RE ST . BRI Z A B
FIAS 19 06k 77 222 ¥ #k GPE B Bk, GPE B bR 22 1 /i 7%
PERR ALD SETEME 52 JUA L (9 142 IRABAR e 4R
SEALANM P Y 36 U AL AR AR AR K BB (pGPK)
ALY 32 WRAGARIRAT (1, % T MR A5 B ATE
20 4t sz CSF By WM 4, FEHE 22 1Y Lapinized
Philippines Coronel ( LPC ) ¥ 1 1 J& — Ff I 7 (1
CSFVHEERR, & s A6l CSFV BRe iy d 2 T H
FE CSF WiAT X Z M, 20 il 44K, hE
Bl R G RIRE SR RGN, B FH T —
PRIE N F K R CSFV %1k 55 5 #k ( Hog Cholera
Lapinized Virus, HCLV) , $& /K350 % W% 2 bR A
O 4 AR FE T R A S B i . i i
BaPERG 4 REPA] = HE e AP I, — IR = A= 1
G PEARY AR A —4E LA I, BT 1956 4E T
ARG EERE T, R AR A AT M TRAR
IR 2 B AR LA 2 1R B SR S I TG £ I 3% 465 1T 9
5 7 i I o A = S ) 1S A e R
a2 3 O PRI S, 0 28 R FER , >k A b
ISR ES B AR T 25 9 415 1) Rovac )z SFV 4§
P 585 7 B, BT RO L ISR R T, HCLV
T 2 5 4 A B R o RO [ R % — e 26 [ %
I H A3k 1983 FEFEH—ERK, iFES
H X — 8 MR 7E R B A A L 2 E R Z A,
e R AR 2 A U S TR S5 B RE T, R UL
B 138 H R RR AR O < C7 Bk B D Bk A
W5 KB, CSFV il i S R840, 80 B2 B KOG
SR N S A (R RN 7 12 A 5 G Tk 1
A, ST T CSFV XK GIE R . R e
P55 B N A AR M D7 s (H 8 ) 8085 1
Oy FHLHIE 4 A 52 2, IF H B §E A A8
TRV 23 T4 L35 2712 W, 145 25 5012 8 A7 A 1R
M, DS A S A0F 22 (12 W7 T EL R B8 1 43

B, WA T EYFER N KR, X CSFV 18 )
B T IR ARG, A SN BE 2544 £ 2
X} CSFV sl i = 9 S 58 il R HE AT 255, L
0k J B2 B 5 LA B AP ¥ (T RS2
1 ETFHEHESQE2 HESHHIFR

E2 A T R R R, 2 — R Dy g T %
AIBEEE 1, 7 15 K/NZY SR 55kDa, 25 (8] 25 14 i
AN K DRI = A B g 4 B Y A A, AE
SEIR B2 P A EEA — B fE S T A R
Ui —Be s X B2 I A B LC.D AR SS
BB 1) . E2 S H & CSFV 8 1 i e
FZ—, WA RIS EN, 5SS
ZALE NNV I

FLTE 2005 4, Risatti 25 1 1 Bk F2 56 P98
SREEHR Y E2 DAL AR 00 x5 BE TR S 1A N Y
BT AR, TR R B2 JE P 5 7 0 805
A, IR ARIBIGE LB, 2 8 H R AL 882 -
1032 Z[B) 77— B 12 A3 B 19 LA (' T886M |
PS89L . Q892R . S927L. T928A, HI55R . D958G .
A975E R979S . A988T . R994K Fl 11032V ) 1] LA F&AK
IRFEECWE L BFITEM 5 C RRIRIN 1.1 WAL
Z SR BERRA [ TRRTE B2 e AP AE 22 07 4, X
— 45 RN B2 BER AT RS S8 C MREES MR IR 2
—, E2 575 FHE M DCTN6 2 [a] A4 A1 575 H
AT LASE IR 0 25 35 77, /- 55 DCTN6 AH B.AE Y
S B2 N S AR 5 I FH A1 588K E2AcDCTNG6v 15
WP I EE S . B2 R S ERHAE A
VEFA 2 52 85 25 1 , MR A2 WS (2 1 RPLP1 ik
PR AT DA B BE R . 2 2R (1 A AR A A
JERIN CSFV 3 BB 2, B8 £ B C Bk K2
I TE 751 B 986 NYTO88 {7 5 A7 it 437 Ay o 3k
1k, X FTRE A C Bk BE 7708055 R0 4 11 58 4 O 0 1Y
JEEHT

E2 BEEFIX) CSFV 19 3 5 R AR A 4 o3
EEWVER, BT LIS PR =4, i Bl
SRR AN B T 40 (CTL) B2
FEEA, ST B2 EANREEM % E2 EAA
CD154 HUI 454 i iy e B 1 BA R4 i 4



R E 25 2Rk 2023 4E 9 A4 57 B o 1

Chinese Journal of Veterinary Drug - 89 -

FOH™ I HE R AMA R B2 AT
FANPETE LT, SRR E2 B CD 4544
Sl B OB I R PR R A P33, HA R MO
HRTHF CSFV 549 5 M 18 Y5 75 5% ( Bovine viral
diarrthoea virus, BVDV) A % 51132 W7 L H: %6555 2
5 IR R E— 2P IO HRSE .

E2 5 A CSFV B HA X BUAFAEAR BAE T, 3
[T CSFV ARSI 72, A0 AR 610 ] A
2 BRI BE Y 50, WP AS TR A B R A T TR,
R E2 FE™ 25 A B ALK 75 0T LA H AR R
P, AR R RIS C R E™ - EL - K2,
E™ - E2 3 E1 - E2 WG 06 8 , 76 5+ U v ]
Rl 2 5 C BRAHZE ALY 9 75 B HKF X R W] E2
H R E™a E1 PrEVE AR TR C BREES 1Y
JERZ—, FIRA RS s B2 25350 1 Hh i
LR P108 F1 T109 XfF C METEZ Gtk N 855
JEOCHEM Y ST B IE R, AT TR BT
o E2 B C R 0 R I LR A ek A A T
SR B I RS T E2 R BT A R e A
Joa U R T S 1R I ELTE S A 9 e A R B
SERPEN X EIRE R B2 R R BT 2 8] A
YERJE C BRAE R S i N 3058 1 G B, E2 B RN
37 UTR TEIRFE %A VR 77 J R 2 A R Mk T 3%
P P RIVEHT B2 8 37 UTR B35 ] (A 25
N, E2 B HATR R B Tz M A b
E2 F P OCHE AL A 2353 B kg T o i 78 8 1 a2
Wik AR AL P SRS . IR ARSI B2 8 S5 HE 5L
553 1) S EHEAT A, A ) 3 3R v 17 ik PR A of S R
AR ICEE H A

N- @ || N C
[ B ]
C o=
L I 1 1
700 750 800 850 900 950 1000 1050

1 1 E2 ZEREREHE
Fig 1 The structure diagram of E2 protein

2 ETHEHUER E™HHESEHHR

E™ 53T 50 44kDa 1Y %EIFEBEE (A, th 227
ANEEERA R, LA 7 AR S E™E U
TR, CSFV #ALTHERE T, Bl
REAS B A A 1) 7= A (AU BRI E™ AN BRI
APPSR, T B B2 B LR

E™ X R B 1A T AR L, Bk E
FR T A W AL A7 A BB 1 9 B 5 ) 085, Borea
ZEIBTEL T Brescia E™ KA EE T — 2B LA 5270
A, KB N269 BEHEAG AL S R 108055, iX R W]
E™Y CSFV 8 /1359 M55, Tucakov 2111y
WF9E & Pl = 2P BEER 171 79 CSFV S84 R 1
E™ SR TE BT 7E 5 1A 9 B 0855 5 AR P B R
MR BT RIS CSFV K T 8 7,
BESE T E™ ZRAKMIE fOX CSFV 35 ) 1 8 %
LI O % = W S O X R B W B N
R P 34 B RN B 1 BT A5 L, O L v R S0 40 i 3
PEVE AT b 5 St 3500 40 i 25 1 1 A Pl g
& E™ 5RO 5 — R, E™XF CSFV # 5
FA 52 0 R BE 2 PR O B BT BB A% R 1 ( RNase ) 1
P, T RNase ELA B2 850 | ose ] Bl At
MRS RS S M T R TN E
Y5 R CSFV (8= RNase 11T ¢DNA JEfE E™
19 RNase 1 15 (9 i JC 3808 T A7 VR MR B3 SN, e
TSRS AL YRR A 5 RNase 16PE
A I G A SE TR 7 s IR, CSFV B0 H:
U B O, Igbal ZEN ST & B, Xt CSFV A
BVDV () E™ 3K HE 47164 , i H 3 2% RNase 7 Pk
JEr IR RO R , X B RNase 1 M5 5 77 8085
EHAH K, RNase i PEA 7] LIBH 1E ssRNA | dsRNA
W TIRE (IFN) ik, 76 A 28 5 & 3R AT fl S
FREFRIEE E™ LA PN 35007
RNase Jif 1 B 575 ( H30F (PR 2875 ) 4> i 2 080 55 ik
4 IFN Ik s fE "™ . Python 55" #y L T
JC RNase {141 CSFV 287251, 25 i 7R, JC RNase
TR SR E 1Y TFN — o & 2 B 2R B CSFV
W10 4%, ik TFN S0 AR A AT GE & CSFV
PR LR B AR C



- 90 - [ B 2 2 5 2023 4F 9 145 57 455 9 1]

Chinese Journal of Veterinary Drug

PRPE B TESE R (0 RN G208 S 1, Bk T IFN — o
IFN - B Ayt i B e 8, ;X PRI TFN 7= A= (1) 4
PERTRESE C ARBS AL, X R W] E™ 8 )
FRIBLT AT AE & 3 RNase 75 PEXT TFN 23k 59 98 45,
E™H R E R R I EE R R, WA T
E™ 5595 715 52 i DL Ko 7 5 ) 1Y ¢ R O I R BT X
CSFV 1) DIVA %z i $2 4 7587 (9 F 98 7 ), AT AT
FITIX 53 CSF 5 H AW AR 1 , I A 250 i AR
F& CSF i omik
3 ETEHMEANEBEIHEHR

CSFV SR B0k 8 FAESS A (NP p7,
NS2 NS3 NS4A NS4B . NS5A F1 NS5B) , % #6d|: 45
M EAE CSFV JRGL o F2 b R ¥ 56 4 B IAE AT,
NP J& CSFV R 1 — R B e 1, e T D
MIETERIPEM 2 R 1T E W20 il o F it 24
o 19kDa, N*™ A ¥] fig 5 %5 # 2 JJ A ¢, Mayer
AU R T e NP L A 2 AR AR, & R R A5
i TR S A AT S B T B X R B N
i BEBE ) BIG ARG, BREE R B, NP AR AT LA
T F2 1) e 2 2, NP BE AT LS BT dsRNA A 5 11
TRL3 #cisi A AR 42 T AL IFN iR, X
AT LA o FEAR TRL3 A BRI 1284 TFN A9 55
S22 [ s S m LA E g 6 R R
(IRF1) A& 6k 4m i & IFN g7 4120 N &
FHARA AT RES 5 i M2 1 090z R AR B A, 0 ) 48 P
BE S 1 BV BE T R IR A PR TS, NP IR
ATLAFEPL TRL3 R B W 5 S LA 1 T (RIGL)
A0S 0 A0 LR T DT S0 5 5 W TR R X T fE
J& CSFV g bt ) — Rl >4 SRS e 325t
CSFV AR SN J2: 75 2 NP 52 M0 25 77 (1) J KR A
FEREIMEA MBS, NP 5 ERHAE 1 S20 (U10)
(AR EAE AT LABH IE CSFV 7EM N i 2 41, 3F BL7E
CSFV &Yyt B vh R FERUG SR ) R0 S20 [
TR FEAE AR PN B i LI AN TR . NP 2K 1 6
B A2 LA S A 3 g2 oy 28 (AR FH T BB ek NP Jik
PR 1) 98 AR PR 1 B i JE R 2 —  (E R AR ALY
IMEAF LT

P7 EHJE—F 4T R 2 °H 6kDa ~ 7kDa [ 5

IKME/INE B 11, 7E CSFV 35 0 il 36 8 AR
Gladue 45" i 3of PN & PRI 58 A B T — 4178 P7
S B 3 ~ 6 M IESE R SE IR IR I e 1 4 %
ARPR WFSE T B R S W 04 1 AR i bR RO P 5 2
BE, R PT AR SR R D B0 HAEA G, Mk
APV R BORL pEGFP — p7 Y ELVEARAL, 4 1L - 18
1) mRNA 2 & s A7 W0, 28 p7 Al S E
W2 A5 1L - 1B, iIX R W] P7 HEH 25 CSFV 1
PR T JRAE N (A 50 #3095 1 C R A Fr
P2 T . BORAEY ST A R, PT R
FITML X B9 3 A g Bk R H AR ((p7 ™o
p7 YRR BEAMA 7 YIS0 k] T R Y P B
(77 A 0 TR T B D S AR, PT W LA S 1E EERA
CAMLG HHEAEH] , SR Fp/E 2552 0 CSFV 7E2H
HaE 3% A2 A R 110 3k ke 7 30 AL
MRS T — 5%,

NS3 #HFI7E CSFV 15 i 5 s AR LA e
HEREAMN TR R EEEM, R
B AFEEY TN SRR B K 4% B IR PR BRUAR TR 4 3 BAR
NS3 2 1 _E AR ST 89 DU A~ B M 22 3 R ok 3 LAt 3R
NS3 8 1 AR SF BaH 1E H fng 19 X8, 45 5 Bl 9848
& VH24A .VR50A ,VH24D VR50D 5 VK74D K%
BRI B FRAIG X R NS3 20 2 8055 (1 P 1 4
o B/ S e B4 K PSMBIO i i
123 — R G R AR R NS3 AR 1 fi R 1 I
CSFV 58, 28 /NG 45 S B b o IR B8 IR 1 2 1
AHFEHF 5 ( TRAFS ) 5 NS3 AHEAEF , TRAFS 38 it
% p38 MAPK il AL #E CSFV &, NS3 5k
S UIAHOG  SRTIOC T 5 n] LA 248 NS3 41 il 9
BES A, DA T e AV 2 19 B, 2 S0 2 X HE AR5 )
TR IR TR IRA IR

JR4EFIFE FH NS4A NS4B  NS5A NS5B i # 5
9o B 2 5 BUAH DG, S 0 75 A2 T 04 57 a5 2 5 Tl
BEITHIEAENOL 8. IR REAES RN S R RCR TR, AT
Al 2 S BOR FE T AR DA T 5 350078 2 00 4 1 1) 2
TR A X RS 7= A SO R, AU R
Ty Jr AP HESE R I CSFV 1 NSAA 2K 11— b
HIEFLEh Y 4 P RNA T4 (RNAID) (#9357 RNA



[ 25 4R35 2023 4E 9 A2 57 455 9 1

Chinese Journal of Veterinary Drug - 91 -

DUER R B 30 ) X7 (VSR) |, VSR 1 R AT LL#F Bl
CSFV3#k 3k 1 £ P00 #: 1E H, VSR BBE A CSFV
(R 52 IR D5, 33X Ay I A R RE % 2 T AR TR R
SR BIAE UE BT NS4A K 0] DL i B 5 MAVS
WAV IL -8 774 e #t CSFV & ifil, NS4B &
FAT A5 e 32 B9 oM AR H 1 RPLPL AH BLAE ],
AR B PR A B R s e Y B AR
SEUTVRF SR AT NSAB 19 4 35 1T LA 3 3 TRIF
IRF3 FlI NF — kB p65 &1k, il il poly (1:C)
IS TEN - B Al IL — 6 Ay 400, 520 TLR /S 1
FERGIENIE TR B R 2 5 1 A
SRR 3K R LA R IR I 3 3638 7 1, X RabS
RIS AR T B RNA & b AT TOFoR, 45 R %
B, A% Rab5s XF CSFV P=AHMGIER , - HZ5
NS4B Z &YW ., JE45H 5 FH NSSB & —Ff
RNA {819 RNA B4, CSFV NS5B 19 162 137 i1
R B Ak Bk o I 2 R 28 7% hy I R, M) LA fin
RNA {K#i RNA R4 (RARP) 761, {2k CSFV 3
PRI, S5 M) 2 1 NSSA FEAR vk B e m]
LL5 NS5B Z5G T UR il 5 A4k 2 #0553 RNA Y
GBS NSSA [V B ik NSSB B, NS5A 7] DL 5
NS5B 13 UTR AHEAEFT, il 2 10 &2 03X
FIRESE NSSA 38 Ve 2 A8 A iR 2 6 33 &2 ) 1) D IR
M AR A BEH K S - F B T R 56
PETUTE M Z WAL T NSSA SR Ui A () LR K399 |
T401 \E406 F1 1413 X NS5A — NS5B AHH A 2 b
(4, PR BV FH AT g & NSSB 2K Al NS5A 2K
FIXS A MR BB A7 5 A5 (IRES ) 1 801357 25 5% 1
AIBLT

Zi LTk ARSI R R A A
JE S AR DL A i T AR5
O B A ), LA B R A AT 5 3k S
FI R STR RERE T I T T I8, A B T T A AR
(AR T HOR# ] CSF R A,
4 ETF3’UTR HIESEHEIFAR

CSFV 11 37 4t IX (3’ UTR) 2 — & & AU
(¥ X 48, 12 X Sl 5 2 1 73 MG, E R
RIAE C#RIY 37 UTR HAEAE 12 4083 741 ( CU-

UUUUUCUUUU ) A A | 32 5 350 [ 3 9 S b 559
BEPE VI EE (1 DGR TR 3R . IRT5 ) 1 48 R G 2
Pinar del3’ UTR H &8 T — B K BE R 36 IR
HHPHT LR IR (poly - U) , iX Al AEZ N 7575 F)
TEURAY SRR 2 AR AT P2 T Thiverval 3° UTR Y
233 ~259 bp ZIA] fFAEA —BL 6 - 32nt By AR K
(& T P8, 4236 A Thiverval B 77 52 ) Ji
Rz E S T BaE M AFSE h R B
37 Wit A poly — U AT DA B0 5 =08, 9/ 32 Jlk e
TP HERE I, FA CSFV 7 1A P 14 &2 1 7K SF B
B AL EIRIE , CSFV 37 UTR 4 3342 fif 5 Y
IR AAFAE T oA EE R T, £ 46 C Bk Riems |
LPC 1 HCLV - India #, iX 2 B 3342 {5 (9 il
W2 T RE 2 0 AR TR SRR O R
3’ UTRiE 7] L5 E™ f) RNase H B W3 7] 15 FH ok 4
A 2 2 R M RN N M g 1V 28, AT AT R
CSFV 76 #0041 40 iy & 1) b R iF 58 &
3’UTRA & 40 [ (4 B 58 17 5¢, AT LA i XF
37 UTRIEATAS [ (845 DA T AF 5908 75 35 0 9 284k
NI — 254 7% 52 W 1 8800 1 04 53 F- P
5 INEERE

VAR BB 73 F A F SRR T B K e,
A& CSFV B ML 0 0F 58 459 281 7 e K &
CSFV M45H 8 H ARZS 8 1 LUK 37 UTR W5 25
BOGH B AR, B2 8RN RE )Y
P R F 22—, B e R A I S R A
E™ R RS T R R E2 R E P EIE
PR 8 8 7 . AESSH AR (1 NP AT AT
FEFE /7, i NS3 NS4A NS4B NS5A 1 NS5B U] &
WA M B R VEM . 37 UTR 38 5
MR LGRS, EaR ST R B R B 41T
TR B MBS LA 5 1 5 4 AR dE 3L B 1
ARk AT e AR A5 5 e 15 A BE T, DRI, X6 R B
HESEFAR M R — RGN TR, WA
(1R 9 55 B8 1 AR AT R P R At
EATSSR TG 25 07 114 6 75 5 A8 PR FIAS BR 2R AT 25501 12
Witk Pk, A SC4ER T CSFV Al REAFAE B ELE AL
il XIS & AR B R 18 v BB & R) LA



- 02 .

R 2 2R 2023 4E 9 H 4B 57 B o I

Chinese Journal of Veterinary Drug

kXt CSFV 54 8 H MR SS9 8 B B S AL s 1Y
He PR S B, (R e 7 245 9 10T A f A3t
BT

SR

[1]

Lamp B, Riedel C, Roman - Sosa G, et al. Biosynthesis of
classical swine fever virus nonstructural proteins[ J]. Journal of
Virology, 2011, 85(7) :3607 —-3620.

EAISY. B2 3 S R R S 1 55 R T I N R A 21 BL
D). Abwt .t E LR R#BE ,2020.

Xie L B. Molecular mechanism of adaptation of rabbit attenuated
classical swine fever vaccine mediated by E2 protein to rabbits
[D]. Beijing: Chinese Academy of Agricultural Sciences, 2020.
Wei Q, Bai Y, Song Y, et al. Generation and immunogenicity
analysis of recombinant classical swine fever virus glycoprotein E2
and Ems expressed in baculovirus expression system [ J ].
Virology Journal, 2021, 18(1) .44.

Risatti G R, Holinka I. G, Fernandez Sainz I, et al. Mutations in
the carboxyl terminal region of E2 glycoprotein of classical swine
fever virus are responsible for viral attenuation in swine [ J].
Virology, 2007, 364(2) :371 —382.

Borca M 'V, Vuono E A, Ramirez — Medina E, et al. Structural
glycoprotein E2 of classical swine fever virus interacts with host
protein dynactin subunit 6 ( DCTN6) during the virus infectious
cycle[ J]. Journal of Virology, 2019, 94(1) :e01642 —19.
Zhang L, Lin J, Weng M, et al. RPLP1, an NS4B - interacting
enhances production of CSFV

protein through  promoting

translation of viral genome [ J]. Virulence, 2022, 13 (1):
370 - 386.

Li Y, Yuan M, Han Y, et al. The unique glycosylation at
position 986 on the E2 glycoprotein of classical swine fever virus
is responsible for viral attenuation and protection against lethal
challenge[ J]. Journal of Virology, 2022, 96(2) ;e0176821.
Sudrez — Pedroso M, Sordo — Puga Y, Sosa — Teste I, et al.
Novel chimeric E2CD154 subunit vaccine is safe and confers
long lasting protection against classical swine fever virus [ J].
2021, 234.

Veterinary Immunology and Immunopathology,

110222.

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

Xu Q, Guo J, Ma F, et al. A novel linear epitope at the C —
terminal region of the classical swine fever virus E2 protein elicits
neutralizing activity [ J ]. International Journal of Biological
Macromolecules, 2021, 189 .837 —846.

Sun Y, Yang Y, Zheng H, et al. Co — expression of E™ and E2
genes of classical swine fever virus by replication — defective
recombinant adenovirus completely protects pigs against virulent
challenge with classical swine fever virus [ J ]. Research in
Veterinary Science, 2013, 94(2) :354 -360.

Li Y, Xie L, Zhang L, et al. The E2 glycoprotein is necessary
but not sufficient for the adaptation of classical swine fever virus
lapinized vaccine C — strain to the rabbit[ J]. Virology, 2018,
519:197 -206.

Cao T, Wang Z, Li X, et al. E2 and Erns of classical swine fever
virus C — strain play central roles in its adaptation to rabbits[ J].
Virus Genes, 2019, 55(2) :238 -242.

Sainz I F, Holinka L. G, Lu Z, et al. Removal of a N — linked
glycosylation site of classical swine fever virus strain Brescia E™
glycoprotein affects virulence in swine[ J]. Virology, 2008, 370
(1):122 -129.

Tucakov A K, Yavuz S, Schirmann E M, et al. Restoration of
glycoprotein  E™  dimerization via pseudoreversion partially
restores virulence of classical swine fever virus[ J]. The Journal
of General Virology, 2018, 99(1) :86 —96.

Wang M, Bohorquez J A, Hinojosa Y, et al. Abrogation of the
RNase activity of E™ in a low virulence classical swine fever virus
enhances the humoral immune response and reduces virulence,
transmissibility, and persistence in pigs[J]. Virulence, 2021,
12(1) :2037 —2049.

Igbal M, Poole E, Goodbourn S, et al. Role for bovine viral
diarrhea virus E™ glycoprotein in the control of activation of beta
interferon by double — stranded RNA[ J]. Journal of Virology,
2004, 78(1) ;136 - 145.

de Martin E, Schweizer M. Fifty shades of E™ . innate immune
evasion by the viral endonucleases of all pestivirus species[ J].
Viruses, 2022, 14(2) :265.

Lussi C, de Martin E, Schweizer M. Positively charged amino

acids in the pestiviral Erns control cell entry, endoribonuclease



R E 25 2Rk 2023 4E 9 A4 57 B o 1

Chinese Journal of Veterinary Drug

.03 .

[19]

[20]

[21]

[22]

[23]

[24]

[26]

[27]

(28]

[29]

activity and innate immune evasion [ J]. Viruses, 2021, 13
(8):1581.

Python S, Gerber M, Suter R, et al. Efficient sensing of infected
cells in absence of virus particles by plasmacytoid dendritic cells
is blocked by the viral ribonuclease E™ [ J]. PLoS Pathog,
2013, 9(6) :e1003412.

Lussi C, Schweizer M. What can pestiviral endonucleases teach
us about innate immunotolerance [ J]? Cytokine Growth Factor
Reviews, 2016, 29.53 -62.

Mayer D, Hofmann M A, Tratschin J D. Attenuation of classical
swine fever virus by deletion of the viral N ( pro) gene[J].
Vaccine, 2004, 22(3 -4) :317 -328.

Mine J, Tamura T, Mitsuhashi K, et al. The N - terminal

pro

domain of NP of classical swine fever virus determines its stability
and regulates type I IFN production[ J]. The Journal of General
Virology, 2015, 96:1746 —1756.

Cao T, Li X, Xu Y, et al. NP of classical swine fever virus
suppresses type III interferon production by inhibiting IRF1
expression and its nuclear translocation[ J]. Viruses, 2019, 11
(11):998.

Hardy S, Jackson B, Goodbourn S, et al. Classical swine fever
virus NP antagonises IRF3 to prevent IFN — independent TLR3
and RIG - I — mediated apoptosis[ J]. Journal of Virology, 2020,
95(5) :e01136 -20.

Lv H, Dong W, Qian G, et al. US10, a novel NP — interacting
protein, inhibits classical swine fever virus replication[ J]. The
Journal of General Virology, 2017, 98(7) :1679 - 1692.

Gladue D P, Holinka L. G, Largo E, et al. Classical swine fever
virus p7 protein is a viroporin involved in virulence in swine[ J].
Journal of Virology, 2012, 86(12) :6778 - 6791.

Lin Z, Liang W, Kang K, et al. Classical swine fever virus and
p7 protein induce secretion of IL — 18 in macrophages[ J]. The
Journal of General Virology, 2014, 95(Pt 12) ;2693 —2699.
Zhao C, Shen X, Wu R, et al. Classical swine fever virus
nonstructural protein p7 modulates infectious virus production
[J]. Scientific Reports, 2017, 7(1) ;12995.

Gladue D P, Largo E, Holinka L. G, et al. Classical swine fever

virus p7 protein interacts with host protein CAMLG and regulates

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

calcium permeability at the endoplasmic reticulum[ J]. Viruses,
2018, 10(9) :460.

Deng S, Yang C, Nie K, et al. Host cell protein PSMB10
interacts with viral NS3 protein and inhibits the growth of classical
swine fever virus[ J]. Virology, 2019, 537.74 - 83.

Zheng F, Yi W, Liu W, et al. A positively charged surface patch
on the pestivirus NS3 protease module plays an important role in
modulating NS3 helicase activity and virus production [ J ].
Archives of Virology, 2021, 166(6) ;1633 - 1642.

Lv H, Dong W, Guo K, et al. Tumor necrosis factor receptor —
associated factor 5 interacts with the NS3 protein and promotes
classical swine fever virus replication [ J]. Viruses, 2018, 10
(6):305.

F BRI KA, S5 ROR G PRI M cDNA JERE 1AL
R ILHOREYEL ] B, 2005 ,21 (1) :43 47,

Wang Y, Wu H X, Zhang C Y, et al. Construction of infectious
¢DNA clone of classical swine fever virus and its pathogenicity
[J]. Acta Virosinica Sinica, 2005, 21(1) ; 43 —47.

Qian Q, Xu R, Wang Y, et al. The NS4A protein of classical
swine fever virus suppresses RNA silencing in mammalian cells
[J]. Journal of Virology, 2022, 96(15) :e0187421.

Dong W, Lv H, Guo K, et al. Classical swine fever virus
infection and its NS4A protein expression induce IL - 8
production through MAVS signaling pathway in swine umbilical
vein endothelial cells [ J ]. Frontiers in Microbiology, 2018,
8.2687.

Zhang L, Lin J, Weng M, et al. RPLP1, an NS4B - interacting
protein, enhances of CSFV

production through  promoting

translation of viral genome [ J]. Virulence, 2022, 13 (1):
370 -386.

Cao Z, Yang Q, Zheng M, et al. Classical swine fever virus non
— structural proteins modulate Toll — like receptor signaling
pathways in porcine monocyte — derived macrophages [ J .
Veterinary Microbiology, 2019, 230,101 - 109.

Lin J, Wang C, Zhang L, et al. Rab5 enhances classical swine
fever virus proliferation and interacts with viral NS4B protein to
Frontiers in

facilitate formation of NS4B related complex [ ] ].

Microbiology, 2017, 8 :1468.



.04 .

22k

2023 4£9 A5 57 £ 9

Chinese Journal of Veterinary Drug

[39]

[41]

[42]

Pang H, Li L, Liu H, et al. Proline to threonine mutation at
position 162 of NS5B of classical swine fever virus vaccine C -
strain promoted genome replication and infectious virus production
by facilitating initiation of RNA synthesis[ J]. Viruses, 2021, 13
(8):1523.

Chen Y, Xiao J, Xiao J, et al. Classical swine fever virus NS5A
regulates viral RNA replication through binding to NS5B and
3UTR[J]. Virology, 2012, 432(2) :376 —388.

Sheng C, Wang J, Xiao J, et al. Classical swine fever virus
NS5B protein suppresses the inhibitory effect of NS5A on viral
translation by binding to NS5A [ J]. The Journal of General
Virology, 2012, 93 (Pt 5) :939 -950.

Coronado L, Liniger M, Mufioz — Gonzdlez S, et al. Novel poly —
uridine insertion in the 3UTR and E2 amino acid substitutions in

a low virulent classical swine fever virus [ J]. Veterinary

[43]

[44]

[45]

Microbiology, 2017, 201:103 —112.

Fan Y, Zhao Q, Zhao Y, et al. Complete genome sequence of
attenuated low — temperature Thiverval strain of classical swine
fever virus[ J]. Virus Genes, 2008, 36(3) :531 —538.

Wang M, Liniger M, Mufioz — Gonzdlez S, et al. A polyuridine
insertion in the 3 “untranslated region of classical swine fever virus
activates immunity and reduces viral virulence in piglets [ J].
Journal of Virology, 2020, 94(2) .e01214 - 19.

Wang M, Bohérquez J A, Mufioz — Gonzdlez S, et al. Removal of
the E™ RNase activity and of the 3 ° untranslated region
polyuridine insertion in a low — virulence classical swine fever
virus triggers a cytokine storm and lethal disease[ J]. Journal of

Virology, 2022, 96(14) :e0043822.

(% 3. FXF)



