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Abstract : Swine paratyphoid is a bacterial disease that primarily causes diarrhea in piglets, characterized by septicemia and
necrotizing enteritis, resulting in significant economic losses in the livestock industry. The main pathogen of this disease,
Salmonella, invades the intestinal tract, induces apoptosis of epithelial cells, damages the intestinal barrier, triggers macrophage and
endotheliocyte pyroptosis, leading to excessive inflammation. It also inhibits the release of neutrophil lysozymes, weakening the host
antibacterial ability. In Traditional Chinese Medicine ( TCM), this disease is considered to involve internal damp-heat, diffuse
disturbance of the triple energizers, stagnation of qi and blood stasis, and an inability of the body to absorb water and grain essence,
resulting in weakened resistance to pathogens. Currently, antibiotics are the mainstay of treatment, but with the increasing problem of
antibiotic resistance and the implementation of the policy of " reducing resistance" and "replacing resistance" , heat-clearing TCM is
gradually being applied in the prevention and treatment of swine paratyphoid, showing significant efficacy. This paper summarizes
relevant research on TCM in the prevention and control of bacterial enteric diseases, regulation of Gram-negative bacterial infections,
and modulation of pyroptosis signaling pathways to control inflammation. It focuses on the regulatory effects of TCM on intestinal
damage repair, revealing that TCM can regulate swine paratyphoid by repairing the intestinal barrier, anti-inflammatory effects for
" nourishing the positive" , inhibiting bacteria for " expelling the pathogenic". The paper suggests that the main use of TCM for swine
paratyphoid should be heat-clearing, and the selection of small compound prescriptions based on symptoms would be more clinically
applicable. The synergistic use of TCM with antibiotics may enhance efficacy and slow down the development of bacterial resistance.
This provides a reference for TCM prevention and control of swine paratyphoid and a basis for clinical diagnosis and treatment of this

disease.
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Fig. 1 Schematic diagram of Salmonella invasion of intestinal tract mechanism ( Drawn by Figdraw)

NLRP3 : NOD HESZ (R 145 BN HE E1 35 ASC I T HIXBERREEE 115 Pro CASP-1 : A DR SRR A0 4 SR B UK SRS 1| FTH; CASP-1,
kMR KA SR AN |5 CASP-8 : 2K BRI T 4 U FUKHRIT 85 11 FIATIBA 2 15 L6 (AN % 6 1L F4TM
42 8; GSDMD : Gasdermin K EHE 1 D
NLRP3: NOD-like receptor thermal protein domain associated protein 3 ; ASC: Apoptosis-associated speck-like protein containing CARD ; Pro-CASP-1 .

Pro-cysteinyl aspartate specific proteinase-1; CASP-1. Caspase-1; CASP-8: Caspase-8; IL-1: linterleukins-1; IL-6: linterleukins-6; IL-8.
Tinterleukins-8 ; GSDMD: Gasdermin D
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Fig. 2 Schematic diagram of Salmonella invasion of endothelial cells mechanism ( Drawn by Figdraw)
IL-1: FZAAEA R 15 TNF: [ SRSE R 7

IL-1: Iinterleukins-1; TNF; Tumor necrosis factor
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Table 1 Research on regulation of intestinal flora by traditional Chinese medicine in recent 5 years
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Abstract: Various life activities of herpesviruses, such as invasion, transcription, and protein synthesis, rely on the utilization
of host cell proteins and microenvironments. This process generally leads to a series of changes, including the synthesis and
degradation of cellular proteins, modifications, cellular localization, and interactions with other proteins. This article reviews the
research progress of virus hijacking or interfering with normal activities of cells and discussed the interaction between virus and host
cell from the aspects of virus-induced cellular apoptosis and autophagy systems, ubiquitin-proteasome systems, nucleocytoplasmic

transport systems, biosynthesis systems, and virus-induced innate immune responses, and summarizes the current targets and

mechanisms of anti-herpesvirus drugs, aiming to provide information for the design of novel antiviral agents.
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Fig. 1 Schematic diagram of herpesvirus manipulating cellular proteins

Ub:yZ 3 PBERRSEM s 1CPO R A IIAE 11 05 ICP34. 5. WL 40 B4R 11 34. 55 RNF8: FRHE A1 85 RNF168: FRF8 2 11 168; H2A 41 1
H2A; STING: TR IEF R 5 RIG-T: B FRFE SR 1 REZ ARG s PPloc: SR FIWRRR NS 1o; NOPS3 {411 535 elF20: FLAL BRI
AT 20; MAVS: SR RTURTES 58 11 ; TBKL: TANK £55 088 1; IRF3. TR WET3
Ub: Ubiquitin; P: Phosphoric acid group; ICPO: Infected cell protein 0; ICP34. 5 Infected cell protein 34.5; RNF8. RING finger protein 8;
RNF168: RING finger protein 168 ; H2A: Histone H2A; STING: Stimulator of interferon genes; RIG- I: Retinoic acid-inducible gene 1; PPla: Pro-

tein phosphatase-1a; NOP53; Nucleolar protein 53; elF2a: Eukaryotic initiation factor 2ac; MAVS: Mitochondrial antiviral signaling proteins;
TBK1: TANK-binding kinase 1; IRF3: Interferon regulatory factor 3

B2 HSV(1-~7)# PRV(a~g)REEAEEDEHEREMEIMEEENZMm
Fig.2 Effects of HSV (1-7) and PRV (a-g) viral proteins on cellular activities at different stages of viral lifecycle
1 ~7 Fla~g Wl BREAR LR 1

Annotations for 1-7 and a-g process are explained in Table 1
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Table 1  Effects of herpesvirus proteins on cellular activities at different stages
&2 HbRoR B RHTEEE N FEFIFEAL FERILEE 225 30k
Label in Fig. 2 Herpes virus proteins Target Mechanism Reference
1 oo ZE Ak F Ao AR n
Ubiquitylation modification Promoting early viral vasion
95 7
2 1CP4/pUL25/pUL36 Importin-o/Nup214/Nup358 . LE],‘%:{E%,. AR L [9-10]
Promoting viral gene import and replication
ZHE B R 2 R R e
3 ICPO L I - - (8]
Ubiquitylation modification Promoting viral gene transcription
R TR B A A F
4 1CP27 CRM1/Nup62 bR ER G E A REN . [11]
Promoting viral gene export and protein synthesis
ZHE LB T F R I
5 ICPO N~ i I . . (8]
Ubiquitylation modification Interfering with host innate immune response
Sl PKB L4 T
6 Us3 i AR (12]
Simulating PKB Inhibiting apoptosis
15 Beclinl il 17
; chaa s FIMEE £ Becln i 1 o "

Beclinl

Inhibiting autophagy

TE:ICPO . B AN AR 11 05 1CP4 JRLANMIZE 11 45 pUL2S  RAMAFX Fifh 2 11 255 pUL36 : K MAF X S i 2 11 365 Importin-a: %5 A 2R 1
o; Nup214: #3188 1 214 kDa; Nup358: %@ 18 & [ 358 kDa; ICP27 . ERYLANMIEE 1 27 ; CRMI : e R KR4k 526 11 15 Nup62 - 438 16 & 1
62 kDa; US3 . JHIKF X it 2 (4 3; PKB. & 13l B; ICP34. 5 JR YL 4ifizEH 34.5

Note ; ICPO ; Infected cell protein 0; ICP4; Infected cell protein 4; pUL25 : Unique long region protein 25; pUL36: Unique long region protein 36;
Nup214 ; Nucleoporin 214 kDa; Nup358 : Nucleoporin 358 kDa; ICP27 ; Infected cell protein 27 ; CRM1 ; Chromosomal region maintenance 1; Nup62 ;: Nu-
cleoporin 62 kDa; US3;Unique short region protein 3 ; PKB:Protein kinase B; ICP34. 5 :Infected cell protein34. 5

1 AT ERER

AR U8 T ( Apoptosis ) 1 [ 1 ( Autophagy ) &
SRR PR M AE T 2, W] AR S 1 32 AR 4
KT HRARS 75 e ) — AL, 3 B T P o
149 5 I BT IR 52 B g 200 i, DA T R 1 s 252 1 52 o A
PE, SR, XA 8 FRANHE D AR TO i —
T VRBESE EMEE RSB, # T —
EHRINANNE G 3 i AR 7RI B, LN, o B RE % 1l
Tk A1 ) B 27 57 SR g A M o R AR T, A ST R U
Yt AT S A AN R R ST T, TR R
g 5 BURFEAER YL i o 2 A L
L1 EEEASMAMME TS ® el
PRSI P S AR 3T, NI PR IR AR A
TRSFAEAE T 2 20 Msh W v, i A/ 1 2 T B Ay
SRS TR R . Horh SMIEPE R TR AR T
FE R AL I M e 9 1 VA 45 - o3 EE, A, R
BEIRGLAN S IR A 25 5 SR A O A0 IS, 23 (i X e 2
JHL PR 7 A B 7 B 5 S, VA A T A OGRS T
& (Factor related suicide ligand, FasL.) | 87 35 %€ [
F-a( Tumor necrosis factor-o, TNFa ) Fil TNF #H 56 1)
AT 15 5 B /& ( TNF-related apoptosis inducing lig-
and, TRAIL) , 5 S YL 40 g & £ A 7= . PRV J&
YU RIS A P 4 R YA T, e SRR S TR A A
AR | RS T PR G T, I AR ek 0 () AR 1
XA FIEII T8 B 40k 98 ( B-cell lymphoma,

Bel) ZGE H BIZRIE 5wk DNA 54712 A A2l
I H2AX WL A0 28 3510 1 2 3, 26 0 B0 A
A U 172 R e B pS3 A ERA 1755 4N O
T MR Y DNA 5055 400 1 5
& BLRT LA~ I 22 R 4 2 R 4 11 Tilg-3 ( Caspase-
3) T BHIE PRV i SR04 T 5 tesh , S ik
) N- P -L-F e 22 1 B kWA AT LA B 1 240 JL 3 1 4
( Reactive oxygen species, ROS) A=A, {47 DNA K~
Hebn), i B LR R 5 R i T
NIRRT AR T, Bel2 FRE M, G Hr i
T AR A T8 1, n R LR AR S5 1 F T e
FE M, RIER T FIP R IERM . IR ZWEE
1, 4N, 98092 96 B T 22 Uk 30 30 - 15 JR 90 35 ( Epstein-
Barr virus, EBV) BamHI H J B A5 0] 524E 1 ( BamHI
H rightward reading frame 1, BHRF1 ) Zg 15 i¢ B 41 4t
PRURIR 4 P4 PYSRIRZ i 7 Bel-2 28 1 LR I 7 19
E1B-19K 4 &R H A Bel-2 6 P, AT 3 2 49 i 48 i
TR e gt A B B, PRI EE-1 (Herpes
simplex virus 1, HSV-1) %5 22 85 [ i i US3, 7] i 13
PRI T B Ok A0 R -2 SRR DGR B
(Bcl-2 associated death promoter, Bad) % A= #§ i 4k, ,
BRI KA o BRIEIR R IR, T 2 06 R B g A i
J AT 0 W AR B JJLRE-3 -5 ( Phosphatidylinositol -
3-kinases, PI3K ) /%5 H i fi# B ( Protein kinase B,
PKB) (PI3K/PKB ) iff # , i 1717 3 128 175 3 4 i 18 4
B G AN MR T, T AR 11 B 2 . el 2 o
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R 6 fizn  HSV-1 74 i L] 2 B 52,
FPWEEERIL 15 PKB JIREAHIT Y US3 8, 0 1
ST R
1.2 JR#EiA SN A et Bel-2 & M
T ARE AR TR 45 40 B B X 26 ) B s 1 v B A
FH i 5 4 O 3 WO B AT A e B B
S i, HSV-1 (Y 8E ) 8 R L 4 i R 1 34,5
(Infected cell protein 34.5,1CP34.5) 7] 5 H Wi AH &
HH Beclin-1 854 (1 1), B4R (1 A w6 B4 59
TR o BT (Baicalin) 45 100 ) 50 7 388 2o 0k
55 H W5 AH 5¢ & B ( Autophagy-related protein, Atg ) 5-
Atgl2 TEIE & WO AR OE M S E T 1 B4k 3
( Microtubule-associated protein 1 slight chain 3 ,1.C3)
HIRE IR R A
PadliE , HSV-1 SRRy 5 Jent i 22 oo B 4t

JE B B A 28 50 & A 2Bl B R AR i T A R R
MIZEH , B 240 i LC3 %, ixX R AL R A 1 48 i B
Wit , I Ah , HSV-1 B 2 TN £ o0 3 mOC i
T H WAL 1 AH 56 85 1 4 ( Vacuolar protein sorting-
associated protein 4, Vps4 ) 5% 55 FI B0 5%, [R) B0 I 7%
=5 G LSS I 7 1 (Signal transducer and
activator of transcription 1, STAT1) #1 LC3 20
A UL, HSV-1 AT LUIE i 22 B 422 14 95 40 3 ) e DA i
Pk B B 5], SR BRI R S TR A

2 ZR-EQEBKER

B Z A 5 AR 1 5T R fige R0 ) R R 45 2% VA
Ko ZRAMEMW RIE AR E1 4550 E2 FEHE
ity E3 19— R 9 K, 3 4F ok Bk 8 22 1 I 4 3R
W1, i ag AZ RO A Tz K- E AR, i,
A R R ZAR 2R 58 AR B R TS RN
Hh 2R A s A B B g B 72 2R ARAUL AR 1 DT P Bl
ik X i S AN AR 1) 20 B B 1 5 3 AT 2L B T R )
VAR R s i B R .

i1 , HSV-1 A= BB, Z2 DR R s 41 i
& 0 (Infected cell protein 0, ICPO) 7] Fi| vz &-%&
R R, 7690 35 98 3 40 i o 2 b & 15 AR
F™ . HSV-1 ffy ICPO %747 74 (RING ) 4558, 4
W HATZ R DIRE , ICPO Wz R AIE M i 5%
0 PSS 4 b 40 B 1 95 2 11 ( Promyelocytic leu-
kemia protein, PML) A1 DNA #5475 )2 )i 26 [ 48 25
8/168 ( RING finger protein 8/168 , RNF8/RNF168) ,
DI I 2 0 DR 3, it 2 A 4 (11 A
2) o Mg 4 Ji A o B A 5 (K -, pS3 R — R AR
SEAR 52 3 B RS SRR, S B A K

BEL Sl A T, Rk, p53 SR 22 il 75 2 i 9 A [+ e
5o S n] 2 R - A R pS3 K
ol A, BRI PR T R 2 . a2z 24k
ity 777 B SR G v AOK B FE L BBV 4 i 114 K ik b 2
F BPLF1 B A 92 RAGEEG I, 7T LAJA 35 # DNA
SEHIFERE . Atkins S50 10 EAfi € T BPLFL
F A5, BRS5RHz B (Suramin) |, FEAR T2 90% HY 95
BEAG YL, X240 B 3% 77 A W R 52 , Ry EBV %
PR AT IR T — Mo AR e, R
VS AR AH 5 78 92 5 55 ( Kaposi's sarcoma-associated
herpesvirus, KSHV) ) K3/K5 & (1 EA E3 15 H:,
Az #Z A4 FE A LU 25 2 G K-1( Major histocom-
patibility complex-T, MHC-T) , i H: b\ 40 0 3¢ 1t [ i
DL HST R 2 IRE

3 R-BFHEEER

W B 1a Ry EAZ A ML ) B A A A B 2 —, H
Mt — A R 43 BIL R R R 5 Al P A= ) K g
FAEAHMIAZ - BT IA) A 28R e 3z, DA T 244 24 L o A
SR IEH 2% . ALK G 1 (Nuclear pore complex,
NPC) 2 4 LR N S S S8 46 ) 3= 83838, £ 11 7 M
KNG BUGE T NPC 3 AR, XA BB T 552
BALEE 1 MK N B e s 2 IR =i R 1 I
( Guanosine triphosphatase , GTPase ) 45 [ = 5 4},
H SRR IR R P EAE A — 7 I, AN Rl
FYAE & B B E 51 {5 5 (Nuclear localization
signal ,NLS) , o] g & i A& H (40 Tmportin-o/B) AT
PO, EM S A E e s g AL 55—
T, 28 1 A A%, D)8 o A R A5 5 (Nuclear
export signal ,NES) FI#% 4t 5244 (4 CRM1) (145
(El2),

PTG R v, o 7 A 40 2 1 A A%
J 2Z (B ZF AR A B R A i, — S5 B 70 i 32 40 Y
Hh A i IR R B 8L ) B s i A AR DG 2R
AR 2 4 A A L AT T AR D, AR 7
A VRIS 3 B9 A% -5 3 G LT o2 i A B 09 48 ik
o ARUEH K I, ZURER TR 1 ICP34.5 (£
ATV LTk IR Lk 20 i 42, 46 R R A% A
% 1 53 ( Nucleolar protein 53, NOP53) 4%, /¢ ¥k B
1% & i 1 T 2o ( Eukaryotic initiation factor 2o,
elF2a) X WM AL, T A F T 2 Z il (&1 1),
NOPS3 SEIKHEIRIE B T HSV-1 /LY
YR i NG RE RN , AR TR ekt
3.1 JWEEAE-FE  HSV-1 [ 41 i A
27 ( Infected cell protein 27 ,1CP27 ) {5 Bl F 4% i 18 &
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i1 62 kDa ( Nucleoporin 62 kDa, Nup62 ) , ¥ 5§ 2
mRNA i h 4 M d%, LT B & A (|
2) . HSV-1 K il % X 4 % & 1 ( Unique long re-
gion protein, pUL) 36 £ pUL25, ] 7F 4% FL2& M #% 8
i [ 214 kDa( Nucleoporin 214 kDa,Nup214 ) F1#%
#3825 1 358 kDa( Nucleoporin 358 kDa, Nup358 ) 1t
IR AR R SE R i A% ™ . AR
B, 7EfR 280, Tmportin ol J& HSV-1 ICP4 5 9 A
WA AC TR SRR 110 . BBk, R a4
S HAAZ R B 52 Y G BEE— 3R, BB X HSV-1
SERIBLE B 5T, 25 K 30K B 22 0 78 1 25 9
A A IRTRYT HSV-1 ISR YL (AR 5

HSV-1 % 7 #% M % & B ( Viral ribonucleopro-
tein, vRNP) & G- K 1T 1, HH 9% 5 RNA (RNA 45
A% 4. K% R B(Leptomycin B,LMB)
YEJy CRMUT B 45 Sk ] PR 7=, w]3d i BH 1R vRNP
AT A 1) 20 S5 s, 00 i) DNA 95 25 19 52 1
S LMB BA —E RIPURRERCR  (HAESh Y)ilga
WLEE BB A A B A TR R, R AT i
— R R | DA AR vy LA 42 o B e TP i
WHIFMAE. 1Bk CRMI B [R5 A, Ml & 1
(Exportin 1,XPO1) /i 3 & & 52 & MR W A% 5 i (5 5
MRS A 2 1 0 d e R, LA AT A0 L O 2 i
63l KPT-335 ( JRFR Verdinexor) 52 XPO1 A4 /N4y
TFHEPUH AR NS B, KPT-335 1 LLys 20 il P 9
BEAIORL R L A8 PR - 10 7 4, O ELIOA W46 31 1]
WA HEYE, PR, KPT-335 B I i R TR
3.2 JNEEEE ARSI R K Rk
DNA 5l A 50 28 25 1L PR 24 40 26 48 A 78 At e A%
IR AR SETEAZ IR N 128, SR 5 A 1 A
YHMIRT . AZACTE— HE AL, 0 23 0 4 U )
IRANAfLAS , B 7 AR B SR P o B ORL, S5
BoF BN BE B 28 TR i B K A0 L e AL, A%
TS RIRYANM . HSV-1 H 25 F A FH 20 2 s A
FLREME, Hh 2E R R R AN L R A
( Diphyllin) J&— & )\ Pt fiE 9 h 42 B AL G590, H
BT FEIA A H AT DA S 436 H ™ -ATP i A7 280 i
S ALIERIIS R T A TR Y JE R B AE Y
() 2 P 2 , 2318 3 52 AR 3 1 N AR T EA
T FAUAL, 5 R N ARER 1L, DT Dl B AR AT R
PRI, 12 20 Pt T A Sy 358 40 S B 1 ) 33 410 1
o /NGy T 61 S8 4 -1 2 P B (6-deoxyglu-
cose-diphyllin, DGP) 7] Bj5 11§ 4H ffg P 42/ 145 il 1K iR
Ak, AT 451 2 95 75 M A0 IR O 4

4 EMENEER

I B A T BRI B R A IR RS,
FERRZA D, B R R RS 3 AP R
Iy SEPAIZ AL A A0 B RV N AR
1R AT Z % ( Eukaryotic initiation factors, elFs) , Hi
elF4A (eIFAE Fll elF4G 41 AiHY elFAF WS/ MEZHE 14
WAL, I 5 mRNA 5'3 m7GTP FRELZ5 5, FEATHRAK
B, V2B A TG T elFs )3 3l 25 45 1 B
L TR, elFs e HC o R A 2 W FE RO PR 75 25 W)
BB R,

22 s 0 4 2 OB E P R ( Mitogen acti-
vated protein kinase interacting kinase , MNK) X} eIF4E
5 209 13 22 2 TR 1) i 1R Ak A6 i i i 983 3 5 e 4 75
F, A, LBt R A 18 i 5 ke 2k — S5 B 2 11 A0 B
PR A O, AR R . Bk, BE X
p-elF4E F il 57) B AT ] T Ui AT 269097 101
TR fEPE, A IR R 2 & B, RAF265 ] L) [ A%
p-elF4E (47K, LIS HSV-1 %k 75 8 H (195 1L, 78
AR, /D B 10 meg/ (kg - d) 54 AR
RAF265,1%2% 3 d, A] BRI/ NN 30% B9 822
I AT LA R R e /N B A R RE R
RAF265 AR T35 77 M (28 9 AHA BRI AR
VTR E T B0 PE R YR AR B1 (v-raf murine sarcoma
viral oncogene homolog B1, B-Raf) % 1% & H BY %5
600 i % 1% 7 XF Ny () & & R B A | R B R
(V60OE) , B B-Raf V60OE 275 ()i ik , 3f H A W iE
FW], RAF265 11 200 Jifg 25 M 3 Ik T R hrdEJe
M2 ) . RAF265 FT5 1 A i Fh e v 24
WAL BUR T 25 W) $E 4 T N ISR . A PR ZH
WA, 4= Wi 5 = 42 42 15 58, ( Homoharringtonine ,
HHT) ] 3@ i 0] elFAE RYBERR AL , I8/ 7 mRNA
A B, DT 300 46 4 45 HSV-1 76 P 4 22 i 7 42
HI5 o DRI O 0 R e A S R 2 A
BT & IUREE YT K .

5 RXGBERR

15 56K A 9% £ 50 e % J Aok 20 i DX R A g
20 B S5 B D A SRR AN, TR A 7 P e R
g8, R TR BUR IR O E S R
s I 2 A3 1 3/7 (Interferon regulatory factor
3/7,IRF3/1RF7 ) Fl#% % 5% [ -kB ( Nuclear factor
kappa-B,NF-kB) , /5 T3 Z (Interferon, IFN ) F1 4
PERF I 3RIK, 8 B e RPN . TFN H o 75 &
YAl A S AR IFN 20K 25 4 15 50



34 P SCHR 45 R 2 1) i 2 2 1 e 0 2 R AL S il R 5 95

Fp TFN #il)3 FL R (TFN-stimulated genes, 1SGs ) F=4) 1
PAo THUF TN A DR 78 9 19 56 K A 92 S iy LA A%
il FE R h R A AT
5.1 JRBFEAXNPURGA 1 BN 6 R
—J5 WA e EAR I 5E A B 2, O — 7 T b
363 A L 95 B v LABIG A S il it F . S TR AR
RO HSV-1 G JLAR AR 2 25 11 LUK TR L I 1)
1 B SN, HSV-1 1CPO 785 75 e FL, w2
FARRIERGENEN REN—TIMRBFE
i 16 ( Interferon-inducible protein 16, IFI16) , {ifi J5 &
RS A0 R, S & N AE G R 7™ o ICPO 3B
A 5 NF-kB 254, LAl TNF-o /2 (1) NF-kB {55
BT K- R 95 K 3 ( Varicella zoster vi-
rus, VZV) ¥ ORF61 Z [ A] 3 2 v R fL i IRF3,
IR ANE e R S o XX e ML BRI T AT B T
2PN TRURI 2000 B Q0T R AT A i b, DT 5- 4%
G 1 1Y 259 AR 61 3 )% DI RE DI RE A
5.2 JREFRMECECTIUE ERERG BRG]
VRN RAE , NF-kB 1E R AE I B B YL A OCHE [
R 42 T R AR R AR 92 7 B 8 T S VT
NF-B il A 7F [ B A2, 2 AR ol 50 B 4
K ( PS-341/bortezomib ) & — F 1 9 25 4, 0] FH Wy
NF-«B 3 , W58 45 3R L W], PS-341 AT (AR 22 Mot
BRI AR T

Ok 22 i B R I e B T A Iz R - F
PR ZR IR 1 3 g SO, At T AU 3R 3 4 il 1) e
B 017 RAGAB G T B ik 20 B A O 75 25 11, X 2
R TR RE R ) EE T Bz —. MR (Myr-
icetin) & —Fh Z R ILB L G W, &M AKEY
M EZ I Z —, WK G B2 BB, Myricetin
i BRSO T8 EDUR EERT A BOE NF-
kB 122 LR 5 A 2R 1 3 ( Mitogen-activated protein
kinase , MAPK) 5 5 i [ LA K 41 it PRl 1 JE R 0 36 34
WG DU RE B, AT IR PRV R B
ARV T A 2GR B 5 T, 00 R 2 W 10 R R R
KARIE T 85 27 F0 24 391 2 S0 I8 1) i e, I 6k N2 A0
Sy ry TR PR Ag A0 T SR Tk
6 RE

H 2013 4ELDk, HA 12 F2h w56 B | il 2y
b B4 B IRy (Food and Drug Administration , FDA )
LA TR 2R B AR 7 Hoh FUA 1 M T
% P L4 L 75 ( Cytomegalovirus, CMV) BUYRYT,
10 Fofr FH P9 B JHF 4 9 25 R0 N IS B 98 ke I s 1 SR e
AGYT 1 BT IR BN R RIIR YT . A e

] A 75 SR R T T ) SR R A M e B0 B 25 )
B BRI 25 PR A, 38 VI A R 25 TR
TR IIRYT o B T T E B L T AR Y
HE I R R AR S AR AR R . BRI
TRTEIRYT SR I K, PO 5 25 W) 10 W LA AR
WO . IF R — PR 2y Al RERE 2 1S AR AT RN ]
AL ETT , 2 B ORI AR SE B0 B 25 W &
JEGAS R Z RN . WECH M & b S A
o7 A (R I PR AT 258 T, K 2947 10% n] RE Bt if
I PRAEFH , K2 30% 149587 245 1 i PR UER: PP R g il iod
LA RSMIFSE AT LU E H AR TRk, T E 5
SRR AN T AT L OB s L T T R
TNTERGE BNy TR R 1 320 T BUAR I
A LLE I RNA 4L E CRISPR/ Cas9 4577 1% 5L DA @
BREQIRAL I HEATPRAl o AR AT 5T R E R K 32
R ARV T 2 8 o 2 S e 1) D8R I 2 T 254
WL 253N 12, LU B3 S i PR R O A
RO E AT

ZH LR B 4384 FDA #tifEm 259 T
TRARTPIRTE A 259, th T X L8 25 ) AR 22 ]
T TR/ I 0 PR, O H e el ar 7 s
P, DRIHOR FEEE T T PO 35697 1] BE D T R BT
BRI — PP A TP e JT k. HAR,
T ECEM 258, in b 25 ) A A 25 By, BT
N GATIER TS 238 i A A | 1A A I PR ATE 5, LA
— PP E GG R RO I (. — B UL, S
BRI — b S A i B, X T R I 2y
FRIEE AT RE T 2 LR T 400 L 16 488 P 000 I ) £
FREE S A REAT S ) SR, R, 7 AT AR
T E SO 25 W) 19 45 25 i AR N o g 3 IR e AN Y
SUUETE BRI RS, B 2R AR TR
RE , MTT 410 25 9y 1 24 BEAE T w5 | RS 40 4 1) ) A
Flo PRI, BF S fE 5 HE 150 99 25 50 3 1 4 O AL Al
AR AN R SR PRI 59785, LLs B R ST R T
R W AR 2 i 24 1 | e/ N R P R A FH ) i £
R BTSN RE R QA S A R L R R B
2 PO B 0 T ) A ORI

U HIUAFEROK, BHAR T E T — 283 B
PR ZATT AN 1, AR R EAR AR
AR AR 0 E 7 | A R D RE Y AR
AR AERAT A R B R T P 1 32 4 i H
(LA -, #0816 BT U 5 R, A7 R4 ki A0
AR S e AR LA o

K LK
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96

3CHk 25 A

60 %

(2]

(3]

[4]

(6]

(7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

Je2E B ML ] AR5, 2020,24(5) :425-430.
By, ERRAE. OWFE RO T5 BORHLEE S B2 B BT 7L
[J]. EEESRE,2019,55(6) :60—64.
Liu Q,Kuang Y,Li Y, et al. The epidemiology and variation in
pseudorabies virus:a continuing challenge to pigs and humans[ J].
Viruses,2022,14(7) :1407—1463.
Sauerbrei A. Acyclovir resistance in herpes simplex virus type I
encephalitis;a case report[ J]. Journal of Neurovirology,2017,23
(4) :638—639.
Ji X,Li Z. Medicinal chemistry strategies toward host targeting an-
tiviral agents [ J ]. Medicinal Research Reviews,2020,40 (5)
1519—1557.
Li C C,Wang X J,Wang H R. Repurposing host-based therapeu-
tics to control coronavirus and influenza virus[ J]. Drug Discovery
Today,2019,24(3) :726—736.
Lesch M, Luckner M, Meyer M, et al. RNAi-based small molecule
repositioning reveals clinically approved urea-based kinase inhibi-
tors as broadly active antivirals[ J]. PLoS Pathogens, 2019, 15
(3) :€1007601.
Boutell C,Sadis S,Everett R D. Herpes simplex virus type 1 im-
mediate-early protein ICPO and is isolated ring finger domain act as
ubiquitin E3 ligases in vitro[ J]. Journal of Virology, 2002, 76
(2) :841—850.
Atkins S L, Motaib S, Wiser L. C, et al. Small molecule screening
identifies inhibitors of the Epstein-Barr virus deubiquitinating en-
zyme , BPLF1[ J]. Antiviral Research,2020,173:104649.
Meng W,Han S C,Li C C,et al. Multifunctional viral protein
¢34. 5 manipulates nucleolar protein NOP53 for optimal viral rep-
lication of HSV 1[J]. Cell Death & Disease,2018,9:103.
Malik P,Tabarraei A,Kehlenbach R H,et al. Herpes simplex vi-
rus ICP27 protein directly interacts with the nuclear pore complex
through NUP62 , inhibiting host nucleocytoplasmic transport path-
ways|[ J ]. Journal of Biology Chemistry, 2012, 287 (15):
12277—-12292.
Munger J, Roizman B. The US3 protein kinase of herpes simplex
virus 1 mediates the posttranslational modification of BAD and
prevents BAD-induced programmed cell death in the absence of
other viral proteins[ J]. Proceedings of the National Academy of
Sciences, USA ,2001,98(18) :10410—10415.
Orvedahl A, Alexander D, Talloczy Z, et al. HSV-1 1CP34.5
confers neurovirulence by targeting the Beclin 1 autophagy protein
[J]. Cell Host & Microbe,2007,1(1) :23—35.
Fuentes-Gonzalez A M, Contreras-Paredes A, Manzo-Merino J, et
al. The modulation of apoptosis by oncogenic viruses[ J]. Virolo-
gy Journal ,2013,10(1) ;182—199.
Medzhitov R. Toll-like receptors and innate immunity[ J]. Na-
ture Review Immunology,2001,1(2) :135—145.
Ming X, Bo Z, Miao Y, et al. Pseudorabies virus kinase UL13
phosphorylates H2AX to foster viral replication[ J]. FASEB Jour-
nal ,2022,36(3) :e22221.
Lai I H,Chang C D,Shih W L. Apoptosis induction by pseudora-
bies virus via oxidative stress and subsequent DNA damage signa-
ling[ J]. Intervirology,2019,62(3—4) :116—123.
Diehl N,Schaal H. Make yourself at home viral hijacking of the
PI3K/Akt signaling pathway [ J]. Viruses, 2013, 5 (12):
3192-3212.
Poon A P,Benetti L, Roizman B. US3 and US3. 5 protein kina-
ses of herpes simplex virus 1 differ with respect to their functions
in blocking apoptosis and in virion maturation and egress[ J].
Journal of Virology,2006,80(8) :3752—3764.
Zhu H Y ,Han L,Shi X L,et al. Baicalin inhibits autophagy in-
duced by influenza A virus H3N2[ J]. Antiviral Research,2015,
113.62—-70.
Cabrera ] R, Manivanh R, North B J, et al. The ESCRT-related
ATPase Vps4 is modulated by interferon during herpes simplex vi-

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[35]

[36]

[37]

[38]

rus 1 infection[ J]. mBio,2019,10(2) :e02567 - 18.
Mattoscio D, Segré C V, Chiocca S.
protein conjugation pathways:the SUMO lesson[ J].
nal of Virology,2013,2(2) :79—90.

Lilley C E, Chaurushiya M S, Boutell C,et al. A viral E3 ligase
targets RNF8 and RNF168 to control histone ubiquitination and
DNA damage responses [ J]. EMBO Journal, 2010,29 (5):
943-955.

Bogdanow B, Phan Q V, Wiebusch L. Emerging mechanisms of

Viral manipulation of cellular

World Jour-

G,/S cell cycle control by human and mouse cytomegaloviruses
[J]. mBio,2021,12(6) :e0293421.

Abaitua F,Hollinshead M, Bolstad M, et al. A nuclear localiza-
tion signal in herpesvirus protein VP1-2 is essential for infection
via capsid routing to the nuclear pore [ J ]. Journal Virology,
2012,86(17) :8998—9014.

Diohner K, Ramos-Nascimento A, Bialy D. Importin al is re-
quired for nuclear import of herpes simplex virus proteins and
capsid assembly in fibroblasts and neurons[ J]. PLoS Pathogens,
2018,14(1) :e1006823.

Perwitasari O, Johnson S, Yan X, et al. Verdinexor,a novel selec-
tive inhibitor of nuclear export, reduces influenza a virus replica-
tion in witro and in wvivo [ J]. Journal of Virology, 2014, 88
10228 -10243.

Ahmad I, Wilson D. HSV-1
egress[ J|. International Journal of Molecular Sciences,2020,21
(17) :5969.

Stefanik M, Bhosale D S, Haviernik J, et al. Diphyllin shows a
broad-spectrum antiviral activity against multiple medically impor-
tant enveloped RNA and DNA viruses [ J]. Viruses, 2022, 14
(2):354.

Martinez-Lopez A, Persaud M, Chavez M P, et al. Glycosylated
diphyllin as a broad-spectrum antiviral agent against Zika virus
[J]. EBioMedicine,2019,47 :269—283.

Herdy B, Jaramillo M, Svitkin Y V et al. Translational control of

cytoplasmic envelopment and

the activation of transcription factor NF-kappaB and production of
type I interferon by phosphorylation of the translation factor elF4E
[J]. Nature Immunology,2012,13(6) :543—550.

Li C C,Chi X J,Wang J,et al. Small molecule RAF265 as an an-
tiviral therapy acts against HSV-1 by regulating cytoskeleton rear-
rangement and cellular translation machinery [ J]. Journal of
Medical Virology,2022,95(1) :¢28226.

Dong H J,Wang Z H,Meng W ,et al. The natural compound ho-
moharringtonine presents broad antiviral activity in vitro and in vi-
vo[J]. Viruses-Basel ,2018,10:606.

Dell'oste V, Gatti D, Gugliesi F, et al. Innate nuclear sensor
IFI16 translocates into the cytoplasm during early stage of in vitro
HCMV infection and is entrapped in the egressing virions during
late stage[ J]. Journal of Virology,2014,88(12) :6970—6982.
Zhang J, Wang K, Wang S, et al. Herpes simplex virus 1 E3
ubiquitin ligase ICPO protein inhibits tumor necrosis factor alpha-
induced NF-kB activation by interacting with p65/RelA and p50/
NF-kB1[J]. Journal of Virology,2013,87(23) :12935—12948.
Lang Z W, Zhang L J,Zhang S J, et al. A clinicopathological
study on 3 cases of severe acute respiratory syndrome[ J]. Zhong-
hua Bing Li Xue Za Zhi,2003,32.:201—204.

Lee B H,Tebaldi G, Pritchard S M, et al. Host cell neddylation
facilitates alphaherpesvirus entry in a virus-specific and cell-de-
pendent manner [ J]. Microbiology Spectrum, 2022, 10 (5):
e0311422.

Hu H Y,Hu Z Q,ZhangY Y,et al. Myricetin inhibits pseudora-
bies virus infection through direct inactivation and activating host
antiviral defense [ J ]. Frontiers in Microbiology, 2022, 13

985108.

(DL i)



hE M E A 2024,60(3) :104-113
Chinese Journal of Veterinary Medicine

EBHE G R RE& S BR
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B4, ki, Ae#h , § &, AFE, KER
(PEgO R AR B EN T, Rl BT 200241)

TE T R2G00 0 3% E T 5 b X8 UK & 15 8 U 5 00, A 58 Fl FH Web of Science , H [l 1 5 £5 4% /22
(CNKI) %5 6 N 2 , 0 2R A G TR I 77 s S b X ( AT VA8 NP IR X0 38 ) K3 (4F CEAE) 51 B S 1) SOk,
2R S [ 3 R AR S 50 R 28 2022 4F- 10 A L H o F 2 (M & SR T S2 U J7 T804 7 SCRR I a5 , 312 OB 96 o 5 S
X PN ARSI i J5 , SR H Stata 16. 0 24435617 Meta 2347, 3835 Meta SEZH 4347 A1 Meta [81J5 53 #1348 5% & 9 25 R 10 5
FRYESUR, I IEAh & R fmfa . 4550 BoR, L0 KA 29 53 SCHR, 3 FhR B RS S A S (42 F =98.5% ;. F =
98.5% ;¥ :I° =96.7% ) , S M AC YR AR A% Jhg KA I Bl RN SRAE: X I8 5 45 5 4 A Y 5 1 HUBRE R 5351 11% (95% CI =
1% ~15% ) 13% (95% Cl =8% ~19% ) Fl 14% (95% C1 =8% ~20% ) ; T L FUEHIBIIT E 24 & Fmfa (P <0.05) , %F
AR TC R R ifr (P >0.05) o S5HRFW] 30 E s AR/ IX. 3 i WL 2 & B il A7 7F 5 T8 JURIL 15 1L o

KBS ; SRER ; K& 5 BYLR ; Meta 54T
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Meta-Analysis of Toxoplasma gondii Infection in
Livestock in the Qinghai-Tibet Plateau Region of China

CAI Qijian , LI Bingjie , ZHOU Jinlin , CAO Jie , ZHOU Yongzhi , ZHANG Houshuang
(Shanghai Veterinary Research Institute , Chinese Academy of Agricultural Sciences , Shanghai 200241 , China)

Abstract ;: In order to systematically analyze the prevalence of Toxoplasma gondii (T. gondii) infection in common livestock in
the Qinghai-Tibet Plateau region of China, this study utilized six databases, including Web of Science and China National Knowledge
Infrastructure (CNKI) , to retrieve literature on the prevalence of T. gondii infection in livestock ( cattle, sheep, and pigs) in the
Qinghai-Tibet Plateau region ( mainly Qinghai Province and the Tibet Autonomous Region). The search period ranged from the
establishment of the databases to October 1, 2022. Two evaluators independently screened the literature using a double-blind
method, extracted and cross-checked data, evaluated the quality of the included studies, and performed a Meta-analysis using Stata
16. 0 software. Meta-subgroup analysis and Meta-regression analysis were conducted to explore the sources of heterogeneity in the
combined results. Finally, publication bias was assessed. The results showed that a total of 29 articles were screened. There was
heterogeneity in the studies of all three livestock species (cattle; I =98.5% ; sheep: I =98.5% ; pigs: I' =96.7% ), and the
sources of heterogeneity were found to be the sampling range and sampling area. The combined 7. gondii infection rates for cattle,
sheep, and pigs were 11% (95% CI =7% - 15% ), 13% (95% CI =8% - 19% ), and 14% (95% CI =8% -20% ),
respectively. Studies on sheep and pigs showed publication bhias (P <0.05) , while studies on cattle did not exhibit publication bias
(P>0.05). The results indicate that T. gondii infection is prevalent in cattle, sheep, and pigs in certain areas of the Qinghai-Tibet
Plateau region of China.

Key words : toxoplasmosis ; Qinghai-Tibetan Plateau ; livestock ; infection rate ; Meta-analysis
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A XA ARSI BUBS A i 5 A5
TS0 5 T8 H A AT 2 U A OB 22 o 191 4T
B AEC N S P SR G A 0 72 I 1)
NGB BGUILF G . 5P SR SO 5O 5
AL B R A I DRI X | ot 2 R R 2 B 583 45 , B
B AR AT S IR R RO A . SO R
ST RS R AE 1 16 35 O, U HIE M, nl 5 1R 2 A
PERLAT AR SE T, X B & i ™ E 52 W), 43 97 4
WA ARBRB TR . SIERBIRAT A6
WREhIRZ . HEl, A BE AR T 7
P DCFE A R R S R R
JEE BB R IL 13 7 sl My 1A 4 34 47 7 5 T8 HL 19 Ja%
Y T R RO X 5 R A R Sl Rk
Z o WHIEA BT A Sh ) 50055 A 5 08 L PH PR e
WYY A AL S TR BUR 0 B AR TR K
S HUBGAGE 5 5 7 A1 5%, 2 W17 8 JU i X K
B 5 BRG] 28 5 A e B AP TR
Mo ABEIE 5 12 Z8 G0 VP4l 3 [ 7 0 J5 i X DL
KE WS I BRGSO

1 BRI

L1 Bl MK R Hns K% PubMed Web of
Science \Embase . H [E %1 P 9% &£ ( CNKI) | J7 5 1
PR P AN R R 6 Bl e rh oA G TR
T e B b X (LA WA RN PU R VR X ) K&
(4 R ) 5508 HUR S S0 SCHR, 18 5 R I [R]
R 2022 4210 A 1 H, 740, R HEEE R 94
A SCHR B #8532 7% SCHR, 38 ] — 26 7] 5 i A 56 S
Bk AR OCHE S 5 Wi 5 JE . PubMed
KR H W { (" Toxoplasma" [ Mesh]) OR (" Toxo-
plasmosis" [ Mesh ] ) OR ( Toxoplasma gondii [ Title/
Abstract] )} AND { (" Animals" [ Mesh ] ) OR ( Ani-
mal[ Title/Abstract ] ) | AND { ( Qinghai-Tibetan Plat-
eau[ Title/Abstract ] ) OR ( Qinghai[ Title/Abstract | )
OR ( Tibet [ Title/Abstract | ) | ., CNKI # & 3% W% .
[SU=(5IEH + 5IE{K) OR TKA = (5B H) ]
AND [ TKA = (558 5 + 758 + P95 ] .

1.2 SCERASAFIHERR bR AIAbRHE: (1) B AT
RERMFIABISE; (2) FUARUT TR N2 5 I8 dUk
YR R T T AIE 9 B B2 IX R R TR R A
HFTE 5 (3) A WA B LT 732 W 5 2 RS Wb e 5
() WTER G B . HEERPRUE: (1) BFFEr R AR
FEARZE RN T 1005 (2) B WA A TE 00 A 5635
(3) £k Meta 43 H7 o B 41 45 23 WU ZEAFHL %
Y5 (4) BFFEX ALS B AR S s 5 (5) Wb ik

A AL

1.3 SCHME BRI BT PG i 2 2PN R
FHAM ST U D5 2 AT SCHR T 1 | 2 ORI 98 O 52
SRR, A K B S Ak, WU A A O P 0 B B
P GORHR IO H AL G WFEn R B B AR
ARGy JERMEAR S R MATEREA S, DRI i
PP R FH 8 K S I T A O i v 1 A8 T 18 A0F
FEPEMARUE" AR5 T 40 3 AN R, Ko 4 <
6 73 HARBTRAISE,6 73 < 15373 <13 73y h AR 7K
5T, 13 43 <1539 <20 5 i R se .

1.4 SEita#r SRH Stata 16. 0 41T Meta 43
PFrngeit-r A B 355 01 58 USRS A9 F R B
KOG R ) O 1 95% B A5 X 6] ( Confidence
interval ,CI) o F I* G531 VPl BF 5% 0] 9 5 o 1 K
INEHBEBEA IR 25 P <50% A5 ] LA 2 54
PR AIA HEEE T 8 P >50% , e RmiF o8 RIAE e R R
S, DR P BEAIL AR A AL 5 TR 45 R o % SCHR Y
SERUEEAT 20 50 BT Al Meta [0 4347, 38 1 4K vk HE
R 1 RIS A 200 1 0 75 200 98 A SR 21 7 8
T 53 B o ¥ 2 TR Begger £ 1 [] 4 925 6 3
AL SCHk A & iy, L P <0.05 H EAG ST 2EE
SR KR AT o

2 #R

2.1 Rk R % 6 ANEHR R R I 287 R SC
BRIEAT B I L , 380 2k S B o A SR R P i ) e
2 FHELG  THA I HERR SCER 111 5, % 78 G N 3k
50, FE R B SO LRI 2 05 XHERR T AR &
FERISCHR 19 G AT S A 5T 30 e, A8 &
BORAYSCHR 29 R (B 1) o AR 29 58,3 FhiR
IR FEAS S50 R AR 10 663 5 3 7 401 f3i]
¥ 2 999 1], K A AR G 58 HUBH PR RE AR S
B0 1304 895 F1457 4],

2.2 ASCERAE SRR IR S IPAL 29 & SCk
B A ) A AR 3 R R T R e X
()T 1 RN PG K 36 DX, A i R A ok TR T I
JIAE VTR X O REAS o 99 A B BT A A0 5% 5 4 17t
YA R T 8 41, HLHR R W A 5, BT A
A RV S E HUBGL S SR SEA R AE AN 1 ~
3R

2.3 HIFERRE DRGSR 29 HOCHRHE
T EVAREAE B TR TR s LX) 3 MR E S
JEHUR YL 5 3 P K & B WE 58 9 A7 A BOR 5% 1
(4:F =98.5% ,%.:I" =98.5% ,J%.TI" =96.7% ),
R HIBEDLR N B AL G T, S B 2R Meta 73 Hr
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FIREERNE 2 ~4 PR, A S AUB MG BITER  BHPERN 13% (95% Cl =8% ~19% ) , 3 5 HURK
H11% (95% ClL=T% ~15% ) , F- 5L ARG MTE  Geiniis PSRN 14% (95% C1 =8% ~20% ) .

AR (7=287) ik (n=0)
| |
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I B SR 2
ik (n=189)
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TEF5E335
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W% G N1 75

o B A HAh T SR
WoER g AR A=W 105s

Y AR SO SC B HA B Fh STk 2 A
I A BRI )
ik (n=78)

el 13 4 SCRI LA 73 o HERR SR -
BEATWITRE LTS 2 S WS bR U

WA SR
FARE A8
HABNFEC TR
RS 305
\
AN NI SR
(n=29)

1 X#EfFiEE R
Fig. 1 Literature screening process

F1 M SHHBRERFA R ERFHE

Table 1 Basic characteristics of included studies on the prevalence of Toxoplasma gondii infection in cattle

H—EH R0y el SN PRPERE AR ST PSR (% ) W (43)
First author Publication year Research type Sample size Positive sample number Positive rate Score
ZEpeA 2004 T T 160 11 6. 88 9
Liu Jie'® 2008 Tk W TR 946 112 11.84 12
e pga (o) 2010 T U T 214 13 6.07 10
W it L7 2010 ] 614 47 7.65 11
SE 2011 o] 635 51 8.03 13
Liu Quan'®! 2011 ] 650 228 35.08 14
Wang Meng!® 2012 s Wt T 1 603 133 8.30 12
Zspip[10] 2014 i T T 116 14 12.07 10
Li Kun'!! 2014 ] 1641 410 24.98 11
Bt 2017 T 400 9 2.25 11
Z 7B 2018 Tt I 900 15 1.67 11

Sun Taol ¥ 2021 T o T 2784 261 9.38 13
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Table 2 Basic characteristics of included studies on the prevalence of Toxoplasma gondii infection in sheep
H—AEH HhRRAE A7y o et FEA S FRPERE AR %L AR (% ) W (43)
First author Publication year Research type Sample size Positive sample number Positive rate Score
18 X gt 2003 Tk I T 180 14 7.78 9
ZEH o) 2010 i o T 2 402 56 2.33 13
Liu Quan''”] 2010 ] 580 173 29. 83 14
Wu Songming'®! 2011 T T T 455 26 5.71 10
o [ g (19 2011 T 220 16 7.27 9
B 12 2011 I T 692 54 7.80 13
x4 g 120 2011 s T T 210 46 21.90 9
eyl 2012 ] 930 118 12. 69 10
T g 2015 i 200 12 6.00 10
Hrop(®) 2015 & T AT 282 60 21.28 11
Liu Zikuit?*! 2015 & T TR 1250 320 25. 60 14
=3 HANHHESHERBELERPRAERGLE
Table 3 Basic characteristics of included studies on the prevalence of Toxoplasma gondii infection in pigs
SH—AEH th AR 07 BT FEAZ i FHPERE AR FHME (% ) W (43)
First author Publication year Research type Sample size Positive sample number Positive rate Score
i) 75125 2003 T 199 4 2.01 11
e 2008 i T 100 12 12. 00 10
kR 2010 ] 557 37 6.64 11
&t 0 12 2011 i) 348 41 11.78 13
Wu Songming 2! 2012 i 427 97 22.72 12
S 2016 T 1 454 116 25.55 10
Li Rongrong'*®] 2017 W 454 98 21.59 14
Ak 2019 W I 460 52 11.30 11
W5 Ey AT AE (%)
Study ES (95%CI)  Weight
2Rz (2018) . ; 0.02 (0.01,0.03)  8.63
BT (2017) - 0.02 (0.01,0.04) 857
BRI (2010) - 0.06 (0.03,0.09)  8.23
ZEETT (2004 ) + 0.07 (0.03,0.11) 8.04
Rtttz (2010 ) o 0.08 (0.06, 0.10) 8.47
R (2011) - 0.08 (0.06, 0.10) 8.47
Wang Meng (2012) - 0.08 (0.07,0.10)  8.58
Sun Tao (2021) 0 0.09 (0.08, 0.10) 8.61
Liu Jie (2008 ) -0- 0.12 (0.10, 0.14) 8.48
Zhh (2014 ) —— 0.12 (0.06,0.18)  7.36
LiKun (2014) - 0.25 (0.23, 0.27) 8.47
Liu Quan (2011) —— (.35 (0.31, 0.39) 8.11
£t Overall (1% =98.5%, P=0.000) <> 0.11(0.07.0.15) 100

T
—0.378

I
0.378

B2 4SHAREEN Meta SHTFRKE

Fig.2 Meta-analysis forest plot of Toxoplasma gondii infection rate in cattle
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0 VAT E (%)
Study ES (95%CI)  Weight

{HSChE (2003 ) —— 0.08 (0.04, 0.12) 8.98
SHHI (2010) - : 0.02 (0.02,0.03)  9.40
Liu Quan (2010 ) ‘ —e— 0.30(0.26,0.34)  9.02
Wu Songming (2011) - 0.06 (0.04,0.08)  9.28
ThEEE (2011 ) — 0.07 (0.04, 0.11) 9.07
B (2011) - 0.08 (0.06,0.10) 929
43 (2011) R — 0.22 (0.16, 0.27) 8.56
2T (2012) . 0.13(0.11,0.15)  9.28
e (2015) — 0.06 (0.03, 0.09) 9.10
o (2015) e 0.21 (0.17, 0.26) 8.78
Liu Zikui (2015) | —- 0.26 (0.23,0.28)  9.24
£t Overall (12 = 98.5%, P=0.000) <> 0.13 (0.08, 0.19) 100
T

—-0.336 0

T
0.336

B3 FSHARBRERH Meta SHTHRME

Fig.3 Meta-analysis forest plot of Toxoplasma gondii infection rate in sheep

e ROV BE (%)

Study ES (95%CI)  Weight
IFH (2003 ) —— E 0.02 (0.00, 0.04)  12.96
S0 (2008 ) —o—i— 0.12(0.06,0.18)  11.43
HkFR (2010) - 0.07 (0.05,0.09)  12.94
S (2016) E ——0.26(0.22,0.30)  12.41
A& (2019) + 0.11 (0.08,0.14)  12.75
LR (2011) —H— 0.12(0.08,0.15)  12.61
Wu Songming ( 2012) | —e—  023(0.19,027) 1242
Li Rongrong (2017 ) : —s—  0.22(0.18,0.25) 12.48
A1t Overall (12 = 96.7%, P=0.000 ) <> 0.14 (0.08, 0.20)  100.00

1 I T
-0.296 0 0.296

B4 BESERBEEHN Meta SHTRKE
Fig.4 Meta-analysis forest plot of Toxoplasma gondii infection rate in pigs

2.4 Mate WEH BT 38 A [FIBIF ST 0 FEAS B4R
TBCHG rP oA I 1) A Ay SRR AR, 36 AN [R] 3l ) fF 9 4
HEREA SR AR L 1 R SR A X 3845 20 S 4 e el
R N AT WA 7 B SRR 4 ~ 6 FTR,
A5 I8 ML I R TR VY R X AR SR g e
(20% ) teT5 MgALHR (3% ) AR S HIX (9% ) &, K
PRI 2 B/ MR & e R (15% ) e — &/
(3% ) v UK IR (15% ) HEARIX (4% ) v, B
FEAS & [ sk 2> ( >1 000 41, > 500 H <1 000 41,

<500 ), 4 5 B By R A T FEAR (14% >
13% >6% ) ; 755 % 4L . T 15 P4 1 X 2F 55 08 sk
P f e (18% ) , 75 Vi B ¥4 F11 VG b X /% e 8 A {1
(6% ), FEA T > 500 Y 3 (16% ) K FHEA
H<500(11% ) Mg RG22 B/ R G 1
R (15% ) e— B/ IR R (12% ) &5 56 5
TE H < SRS T V8 b DX () 3 5 8 UYL R (23% ) 38
KT HHEHLIX G AR (8% ) , FEA R > 400 (172
R(17% ) His .
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F4 FSHAKREER Meta LA
Table 4 Meta-subgroup analysis of Toxoplasma gondii infection in cattle
FONFFAE HFEE A5 P {E(%) YL 95% C1( % )
Category characteristics Number of research P value Infection rate and 95% CI
SRA X 35k
HiFALE 4 76.3 3(2,5)
VT IS D P 4 99.0 20(7,33)
RA X 4 68.8 9(8,11)
A
<500 4 81.4 6(2,10)
>500 H.<1 000 5 98.9 13(5,21)
>1 000 3 98.5 14(6,22)
SRAEIE
— /T 4 76.3 3(2,5)
ZB/TRA 8 98.1 15(10,20)
XIS AL
fe X 2 78.8 4(2,9)
X 6 99.3 15(5,24)
Ba 4 23.9 9(8,10)
x5 FSHEHBREER Meta TLASH
Table 5 Meta-subgroup analysis of Toxoplasma gondii infection in sheep
ZFAE HF5E 51 P (%) YL 95% CI(% )
Category characteristics Number of research 1% value Infection rate and 95% CI
SR X 35k
HIUGFIGIY 3 88.2 18(11,25)
T 1 T 7Y 3 0 6(5,8)
TRAHIX 5 99.2 15(4,25)
A
<500 6 91.5 11(6,16)
>500 5 99.3 16(6,25)
— /T 6 92.7 12(7,17)
Z W/ MiRE 5 99.2 15(4,25)
*6 ESHARBRPER Meta IWHS
Table 6 Meta-subgroup analysis of Toxoplasma gondii infection in pigs
ZERFHE AR P AH(% ) YR 95% C1(% )
Category characteristics Number of research P2 value Infection rate and 95% CI
SR X
g 5 90.7 8(4,13)
[ 3 3.6 23(21,26)
FEACRE
<400 3 93.1 8(1,16)
>400 5 96.6 17(10,25)
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2.5 Meta [958 1E—2 X Meta W 41 53 7 25
FAUEAT Meta [01UT 119 & 35 PEAG 56 | DT SIE I 20 114 1
B B B S P R R T X AN TR) B0 4 F 9 i B
BRI L2 SRR AE Ko R AR i | SR A S PR D SR A X s
AT Meta [BIH 43T, 255K 7 ~9 FiR, 7E4F
AIRFFE SRR T R A 22 S A i 3 (P =0.010)

RURAEE B 22 5 TS 2 18] 2153 2 B A R
A e DR ST T, (ORAE X 22 52 B A
RENE(P =0.020) , KA R ORI REA 2245
BTSN [ 08 A T XURS: £ 5 7258 B E 5 o, L (U2
RFEC IR 22574 W& R (P = 0. 013) , AL Ry
I I e 22 5

R7 FSHEBRFER Meta BT 5 47

Table 7 Meta-regression analysis of Toxoplasma gondii infection in cattle
I RAE Meta [1] 5 Z 4% 95% EAH X H] (%) P ff
Category characteristics Meta regression coefficient 95% C1 P value
SRR IX ) -0.054 -0.111 ~0. 002 0.051
FEA L 0. 004 -0.076 ~0. 084 0. 906
RAE 0.335 0. 108 ~0. 563 0.010
IR AE -0.072 -0.166 ~0. 021 0.111
*8 FSHEABRER Meta @IFHH
Table 8 Meta-regression analysis of Toxoplasma gondii infection in sheep
FHFFAE Meta [1] 5 Z 4L 95% EAF X H] (% ) PMa
Category characteristics Meta regression coefficient 95% C1 P value
PR3 -0.057 -0.100 ~ -0.015 0. 020
AR 0.043 -0. 142 ~0.229 0. 604
A FE -0.002 -0.063 ~0. 060 0.953

R9 ESHEBPFR Meta BT 547

Table 9 Meta-regression analysis of Toxoplasma gondii infection in pigs

FEERIE Meta [m] 7 5% 95% EAFIXH] (%) PE
Category characteristics Meta regression coefficient 95% CI P value
FEAE 0. 009 -0.089 ~0. 108 0.816

KA XI5 0. 144 0.045 ~0.243 0.013

2.6 MRUEME T SRIMRIHERR 1 i BF 58 Jm EE0
B IO R ) 7 O A SCHR AT SR 20 A, 45
RANELS ~ 7 Pios, 3 Bl K& B R A 78 8 — 5B

Meta-analysis estimates, given named study is omitted
ILower CI limit o Estimate
?ﬁi(ZOlS) [
BT (2017) ' ° !
ke (2010) . o
2R (2004 ) - |
PRttt (2010) o |
FEHE (2011) t ° |
Wang Meng (2012) 1 =
Sun Tao (2021) | o !
Liu Jie (2008 ) I 9 !
ZEhp (2014) ofe q |
Li Kun (2014) L ° !
Liu Quan (2011 ) ° 1

0.05 0.07 0.11

E5 HSHHELRAERESN
Fig. 5 Sensitivity analysis of Toxoplasma gondii

0.150.16

infection rate in cattle

T A IR SR b TR IR AT T IE 0 4
TR 95% B A1 1] 1, 7 Meta 437 O 45
R LD

Meta-analysis estimates, given named study is omitted
ILower CI limit ~ oEstimate 1 Upper CI limit
I |

FEE (2003 )
ZEHN (2010)
Liu Quan (2010)
Wu Songming (2011)
hEEE (2011)
BEHEML (2011)]
BXAFE (2011 )]
22730 (2012)
Figae (2015)
Wk (2015)]
Liu Zikui (2015)

0.07 0.08 0.13

E6 FSHEHRBRLRNERMESNT
Fig. 6 Sensitivity analysis of Toxoplasma gondii

0.19 0.20

infection rate in sheep
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Meta-analysis estimates, given named study is omitted
ILower CI limit ~ oEstimate | Upper CI limit

FIE (2003 )
SE24T (2008 )
HokFR (2010)
WS (2016)
&M (2019)] :
ZEHEL (2011)] ,
Wu Songming (2012 )

Li Rongrong (2017 )
0.09 0.10 0.15
E7 BESERBERERNGREST
Fig. 7 Sensitivity analysis of Toxoplasma gondii
infection rate in pigs

0.20 0.22
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Fig.8 Funnel plot of publication bias for Toxoplasma
gondii infection rate in cattle
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Fig.9 Funnel plot of publication bias for Toxoplasma
gondii infection rate in sheep
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Fig. 10 Funnel plot of publication bias for Toxoplasma
gondii infection rate in pigs
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AWFT R Meta V215317 A1 Meta [5] 5 53y
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R ARIEIR (ASF) J2 i AE BRI BE (ASEV) 51 B8 B —Fh Stk E P BE SR AR AL S . ASF JETG RO R, ™
R BRAE R RIS R ERIE IR E RV E R . A I R IT R 1 % AT A0 ASF BER, DRI, Bt ER FY) ASF
SEY 2SI E R B 1 BT B, ASE BUAT AN 5 VA B AR L A A I R MR U 0 (PCR) AR IR 1 B AR AL A
A% 4 ) e [l S 2 3] S HEAH DG 2R 46 ( CRISPR/ Cas ) 25, Hern, iff 5 245 0\ PCR A5 A CRISPR/ Cas #7522 %Mk A B3 Al
A, AR B AR S FR T B — S B RGN A i , EL R SR, DRI ASF S RGEI 7 3k TG 126 [ I K B0 SR A0 vy, SR |
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Tt A BIBL A , O A AR T S B0 e e e SRS, R A T AR R AR T e R (), B R A0, S T B e AT
RIS AL AR ASF BB IN T e R B R I o ASURES 1T ASF BUA RSN 7 vk, JR4330AR T3 5 47 ASF B 8 A 7
TR IR JRAB L, LAY ASF 3215 (Rl B s fe it 2%
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Research Progress of Detection Methods for African Swine Fever
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Abstract ; African swine fever (ASF) is an acute, febrile, highly contagious infectious disease in pigs caused by African swine
fever virus (ASFV ). The outbreak of ASF seriously threatens the safety of the global pig farming industry, causing significant
economic losses worldwide. Currently, there is no safe and effective vaccine against ASF, timely and accurate ASF laboratory
diagnosis has become an essential tool for epidemic prevention and control. Existing ASF detection methods include serological
testing, polymerase chain reaction (PCR) , isothermal amplification technology, and clustered regularly interspaced short palindromic
repeats and associated system ( CRISPR/Cas). However, serological testing, PCR, and CRISPR/Cas require specialized personnel
and equipment, while isothermal amplification technology is limited by the type of samples tested and has lower sensitivity.
Therefore, existing ASF detection methods cannot simultaneously achieve high sensitivity, rapidity, simplicity, and suitability for on-
site testing. In contrast, novel ASF detection methods offer advantages in terms of convenience, efficiency, time and labor savings,
and rapid on-site testing. For example, biosensors do not require specialized personnel for operation, artificial intelligence (AI) can
reduce labor costs, and they can be used for early epidemic monitoring. Techniques based on magnetic beads do not require complex

equipment, microfluidic technology enables high-throughput rapid detection, and magnetic fluid devices can address nucleic acid
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contamination issues. With the advancement of technology, novel ASF detection methods based on immunochromatographic test strips

and various sensors are flourishing. This article summarizes existing ASE detection methods and reviews the development of novel

ASF detection methods over the past five years, aiming to provide reference for the scientific prevention and control of ASF.
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JEIIBIE ( African swine fever, ASF) 52 B AW %
S5 B ( African swine fever virus, ASFV) 559519
— P R AR e, ST R A
100% , /2 F A0 —CL10) DNA dubpgss ' o 1921 4%,
A AR JE B U2 T ASF e, 2 )5 K
FERRACBR T AR, B %) 1957 4E V6 IE 7% A 45
FOET 19T AR OB B L B 78 56 1Y
ZOKJEMALAE A ALE R K . 2007 4R, 18
ARIRAMS &35 R L T BE P T B ASFV, 2 J5 HAfE
R DX A LA i 1 48 7 0 2018 4F- 8 1, ¢
BN ] ASF 215, 1L 2019 45345 3 [ 3
291 10 AT A TER . ARG, ASF 4k 4k
TEE R HL X AL H%  # ZE 2023 4E 5 A, B mih [ 57
T R RO A R A 18 RS, ARk, T
FEL S A B T 2 TR i 2R B ol 75 55 B ok R R (AT T 23
SERRBEIR , SR I EE R AR AR 45 0 (2 B 5 B 5 Y
KT HH RAMERIPEAL . ERT, ASF KR G 4
BRZAS LXK, 7™ Tl Ty 4 Bk A 0 37 5l 1 2 4, Ko
RO R 22 4 B RIS

1E4 R 1k, W AR TT R 22 4 0 ASF B2
WICHT AL DU B 2510 AR 4l 3 T ROl AR AN ED
R (AR B ARE BE a SE it e B AR ), 24
RIS TR IEERL ASF S bR B 57 FE T2 45 1
BUI, W 4% BB AT BEE A —BE U — 2 e i " 1Y
PR E AR 2 o PR, AR K I i S 36 % 12
Wk ASF 2N AN E FIE ) 2= OC T 2, ASF B
AR 7 AL LT 2 5 1 R Wl =X S (Pol-
ymerase chain reaction, PCR) \Z&VR 3™ 38 57 A Fl A0 R
S ) ) R L 1] SC o A 1) B HC AR G R 48 ( Clus-
tered regularly interspaced short palindromic repeats/
CRISPR-associate system, CRISPR/Cas) 5%, 7% 3 &
45 7 ASF VARG T 1%, 25k 1L 5 4F ASF il
LI 75125 A8 R TR A 0, R AH O T 125 R R i 0B AT T 1
B ZAREGY , LU ASE B A2 KT I
¥ A J7 ik B AL B LA KGR 7 v B 5T T A
PERL AR A B

1 ASF ;iE#N %

LU AR 3 A A ik A 455 Al K G e

0% Ff 3 36 ( Enzyme linked immunosorbent assay,
ELISA ) F1 il 7 % 35 J2 #7 32 R ( Lateral flow assay,
LFA) S5 JAER, MLVE A A Y 90 s AR h 7E T
J& ASFV AT b, LA e i i 2R 5058 AR S5
P, a0, 4 ) E 20 8 VR sl s LA i ELISA
I 7512, B FH R 5 R BT (ARG T A A b B Bt
PRI A] H] T 22 Fh R RIS ASFV 1) PR A6
I, fan, A AT E AL F p30 AAT LS IG5 R
WL R GLas B FIMLIEREAS T ASFV (1R BT,
I PRGN 1 J Y )R S PB4, A N s ) T 4
FEZE 30 min', BeAh, —Fh e R K ARG
i, B AT T S A ASKFV B 2 ke R A fple 2k
B, BN, 4l 2 1 CD2v nf T Bl R AR | Pk
YL T ASFV B EEBR AT CD2v e bR g 5
A p30 2 P 57 A9 XTI Je O ELISA J5 ik B A
RL A A SLABCRE AR S R 18R (1 p30 ,pS4
Fl p72 g7 A1 ELISA J5 3%, Lo fiff S0 1) 9 7
HE AT A 4 ELISA A6 M0 i 72 G088 FRR 5 v B
#5115 p30 1 CD2v Ik W ELISA A3 77 3% AT
JUF R ASEV 35 # b f CD2v B bR 5 £
p30 & R o R HT A A 87 14 BH BT ELISA 77 4%, 7T B
0247 G I B ] 5 v A ) R R B KR = s
(i R FRE S R, 7E ELISA #6390 J7 vk
Hh E] 45 ELISA A I J7 125 AR, B A7 76 58 XU
AT RE ; WKL ELISA 1) 7 60 B8 i, {H #5245
S ANTE TR I /N 1A s BELIBT ELISA B A7
TR A A PR R R AR, W TR I A v AR
P8 L YA i, LB S BT 18 T A B PR RO

LFA 2 — b 0 98 BRI 335% J2 A1 H AR AH 25
B PR SR 53 B T3, % T S ARG, 0 45 2R 1 ] R
AN R A D i Ta) BAT BR R B, BUA FOoR AT L
it P A 2H B0 I 25 5 921 A 92 J2 A i 4K 2% ( Fluores-
cent immunochromatography test strip, FICTS) 4 55 4
Kl 4T ASFV HpfA, HAG I R B 5 75 5 4k ELISA
RFE JLF—5" 8% W 4E DNA ( Double-stranded
DNA, dsDNA ) & 5 5 BEHTUAR 5 42 94 K ORE ( Au nan-
oparticles , AuNP) FRic i) ZEAZ 1 R A IR EF A4 22, L
WA ST A AR 4t g IR AT IR AR A5 T T ASFV 1y L
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W T A KR R R TR AR A
( Quantum dot microsphere-immunochromatography
strip, QDM-ICS ) 55 P50 o 2 73 B {25 5 1Y e 2
&GS , AT LATE 25 min N 5E0L ASFV A, H R B
Lt ELISA & 1 MEUR I, PR 4 fe i ATl 4 4%
B4 ABORGEY S SR, LRA S BF i T B 3R 45
MY RAE T — BEHA] 2 5 R 4E I 38 0 AT
AGEIN | EEAGE I A it A SO A 2 I, LA B R B B¢
fik. PRt LFA R EEACER L3 4 )  PCR A5 I 1
SR S BOR SE R IN Ty 12, HRBAE b sE A A A

oAb it 3 2 AN 5 2%, 4910, DL pS4 g b iA
HEST Ak 2 O #9543 B v (Chemiluminescence
immunoassay, CLIA ), 0] LI ¥ #& I B} 6] 45 &6 =
20 min'® % 9% Hi 4 i % ( Fluorescent antibody
test, FAT) ] J T2k ASF AR, JF 3t i ey 50/
BE BAFXT I 2 PR A P ASF AG ARG ] 5% R A IR
DRIt — R Ay i B PG 0 32 i i 43 e e
B % 43 M1 5 ( Time-resolved fluorescence immunoas-
say , TRFTA ) J& —Fft 1] HI 6 28 70 R SRR 19 90 Re 1
HENT R B I B, AT AE 45 min PN 58 iU, B
A7 e ELISA K3 B g 19 SR AEO%E, 9 nl T H e 0d
WA

SR, IR 27 A6 W 7 v X VR N B3 B R Fn
B BOR B R, HIA B 5t 2 9% 0,k LLTE S 37 0T
Ji& ASFV (it s I ; Bl 3 sh P 7e G ASFV 5
o BB IS ) 7 R A DRI TG R A e 1 SR 1Y
WIS BEAT R
1.2 PCR il PCR Al £ AR 2 i@ i {if F} ASFV
R SRS | 4 1 R AL IR e Bk ) B 2 75
A ASFV FEPR, PRHCHR | R AU i FVRE SR £
AR R 32 B, JEHE T ANl S R4 T B 03
BIRRES . PR PCR RGN 7 A 45 5 #L PCR 5%
st 2% 6 2 1 PCR ( Quantitative real-time PCR, qPCR)
M AT PCR( Droplet digital PCR,ddPCR) 4§,
HET, EZ L ASFV E183L I B6461L H:[H J 51 K ik
THRERPES 1Y) i il B X — A2 2 A 7 51
WA B R SRS 9ok g7 PCR OGN 5k, Lk 5
e I R SR R S . AR AR ASFV B646L LK ( Z
it p72 2 11) C 3l 478 bp A% H R4, Al H4 ASFV
Xl o3k 24 PR, 5 S T AR 2H 2L (World
Organization for Animal Health, WOAH ) 47 i) & 1
PCR K0 7775 (B4 B646L JHE[A ) FEAG I B P 1T Y
ASFV I RAEE AR, PR, B0 24> B BTy
SV [, LA | 4 R0 g 2 6 K] 3k 0] B o 78R B 1Y)
DERC, R4 = PCR A A 52 SR AR S M E i

{14 FE ot R ), B A, B T 1] BOA6L FE A
FF AR A 3 B PCR A7 15, 46 H1 L H WOAH
ARG ML PCR I 241K 10 ~ 100 527 5 LI
E183L'™) B646L™% A137R™! il E296 R 3 [H ¢
FUFGEER qPCR A 7532 ] LAk 31 5 5 1) R A% .

HRAEET X6 22 Fh 3 R TP 90 15 3 1) 4 5 1k 5 | 4 i
HEST W qPCR FIZ F PCR K 77 3%, fE 4
SN R AEORE 1 TR B 348 0] FHF X 2 AN ] ASFV % 5
B, 0, Li 2610 DL ASFV E296R %: K ¥ 91 |, Gao
2100 ) ASFV B646L FlI E183L FE R F 3 44 HE iy X T
qPCR A 75325 AT I F X 43 ASFV JEP T A9 11 A 5
Lin 25V %} B646L . MGF360-14L F1 EPAO2R 3L [H
fRSE XTI & 1) = qPCR, Guo 25" 12 B646L FI
MGF505-2R K & 57 i XU qPCR, #B fE 1% % 1)
ASFV BFRERRMIER Bk, LA, Wang 2527 23331
R B-Wlsh & A EL [ ASFV B646L A 3 51| 4
Y qPCR A I 7 36 ] LA AT R G0 115 B o 45
Zhan 23 k1 %F ASFV B646L F1 BA38L A {1 {5-5F
DX g 37 1 W RT-PCR AN 7 T LAkt B PR B 555
BAANFE DR 5 R A B FH . BT XT ASFV S K 751
S AR R D B R S e B | B, 6 AT LA
[FIR) S I KG ] ASFV %95 75 ( Classical swine fever
virus , CSFV ) A3 LAV R 25 ( Atypical porcine pes-
tivirus, APPV ) %01 28

ddPCR ] i 25 48 v 46 0 Ay 52 SR8 AR S, O
A[[X 4y ASFV BF 88k 5 CD2v k6 bk &R 4L, Wu
ST O ddPCR B T ASFV 46 S
K205R FE[H 751 3 57 11 ddPCR A6 I 77 2 R B 2
qPCR 19 10 4%, {EEIERN -, Zhu 255 4 B646L J
K5 EPAO2R SLH 51 R4 BCH , B kS8l 17 A1 H
W ddPCR G X 53 ASFV B #itk 5 CD2v 6l fk

WS W, A2 15 Y 00 ) ) o et TR S 5
ASFV (LR35 & BEMFT L X 9 — S 7E i 12
DR A ot BRI 24 BRG] A B 5 ASFVE) L it
AN, PCR ARG X G2 5 T 1L T RE AR | L 8URE A it 2
EREAE AL 35 B Ay B3 . PCRAG I R B BE 4
SRR Z Fh ASFV LI I 58 48 112 Wi 2 Fp L A
P EE R AN SE R e B EE R, {H PCR RSN T 22 %
MV FE AR B AT [ IR 5 2 DT 555 5 0 A
1035, BATAE 28 /NG 3 0 1% S B | 5
[) ASFV PCR il , 12 J7 i 2 2L F 52 5 = 46, 47
TE—E R BRAE
L3 AREPHER SR ER R AR IR
AN 8 F AR HLROR I B R A 4 AR 1 E Y TR
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T 3 AL AN [R5 P B R A R S [k
IREIPREY AR B B 0, A5 R SR
A ( Loop-mediated isothermal amplification, LAMP) |
HH A SR Y 15 R ( Recombinase aided am-
plification, RAA ) FlI 41 i K & B Y 15 4 R ( Recom-
binase polymerase amplification, RPA ) , H. 75 # 1F i
B AN ) A0 B T PR FH AR R

LAMP FIFAESF IR A 1F T @ 20y A% e , i A~
Z AR ] DNA SEAE B2, AR 791 BA R 5
PR, AT SEELAE B 48, B 43 A7 3 B2 AT L3S 3] PCR
(9 2 £ o TSl v BT B AT R [ R AR
JREZ X, BT, £ 5% ASFV LR A9 LAMP 46
T ] 5 JE AL 20 min'*) 2405 B RO T R
IFa], ELAG I it 2 rp D 4 U IR, I b 1 7 AR AR
BRI B P 25 SR 1Y mT 6E, A T 25 SR mT LA 3
WOAH #i#5t) RT-PCR A0 7 % — B RUR
FRAPEHEE WOAH HERERY H L PCR K 75 ¥k 1Y
10 5. LAMP £ 3l 5 5438 3 25 & vl Ak 5 97 6
AR m) i sk 4 &¢ (Lateral flow dipstick , LFD) %
FRE 4t W s HUSE (R B R LW, AR, R A DA
X0 45 SR A U R T 7 A 1 O 2, H T A A
54 LAMP 5 KU AL R | 440 -1 0 B2 - €4 B B2 (Hue-
saturation-value , HSV ) Bl (4% B AH 25 4, H 5 A 1y
LRGeS A SR Gl a2

RAA HI RPA & 5 4% XA\ LFD A 455
FH, K60 st 1] 45 2 7% 10 min™ | AT DL SZ BRAE R 3
PR SR, H R BUE AR S WOAH HE7
(9 qPCR RGN 5 12 — 3, Horp R L % 1 WOAH
HEFEI aPCR KI5 10 450 RPA Bk 1A A
T IMEAEAS FA LR AR R A1, 36 ] DL T ot 4%
S P A

SA&40) PCR J7iEA L, 2 T AR 1 HOR 1Y
PCR J5 ik W aod B2 O 5 28 15 28 1 IR K RINEE fif 55 25
R AR AR B T BT B4 T, AT 4 R
W, B TE BT IR 1B = b X HE T (8 1 i 77 o
AR IR I HOR T DL BLAE L7 Y P i B
A, & 2 A AT K ¥ 5 B AT 52 1, {HJ2 , LAMP 2y
TSRS R AT AL, BN 8 WS T B AR R TP
SRk, FEAE AT 2 BRI LS RS SR, O s A A
REIE VA B s G, LB 4 il A0 I 3 A, Xk T 3 At
AU AR R T BRI AR B ML Z R, RAA
A RPA 75 [ 45 A J5 Jo i 1, BIVa] it s 485 =X
DRGNS e S IR SR ) mT A, B S IS TS G Y
JRURS: o PRI , R Sl 7 1 HOR 5 (8 48 =04 4% L LFD
1 CRISPR/ Cas S5 He RS54, )R] BESE IR |

ESE AR
1.4 CRISPR/Cas CRISPR/Cas f 8 & #L T 20 i
20 80 AEAR, i 55 LA IR 17 T ol e [ S o A
%1 #H 5& ( Clustered regularly interspaced short palin-
dromic repeats associate, Cas) &5 [ 455 19 KSR & M
PERPERSGE 45 | D EA PR L1 )5 RNA
AT YR Cas HH, ZH B UM A K GE
1R 5 I V) ) Sh I DNA, Cas 2K 11, 41 Casl2a,
Casl3a FlI Casl4a, f&—F 5L A% I SAAZ N A% R T, ]
DI PSS G4 DNA it JE R 5 v 07 X051 0UbR
ICREPRBOR G G155, AT A 246 i P 1 DNA
YRy H ), Casl2a v LL7E 1] 5 RNA ( Guide
RNA, gRNA) (41 3 T 4 5 PRI 48 DNA, X Ho it
TR PERA DI (Cis cleavage ) , [l X #i4E DNA
( Single-stranded DNA , ssDNA ) 47 345 504 s V)
#|(Trans cleavage) 500 Casl3a % T AT LA SR )
L RNA, BEATHE A AR COIE], I5%0 Hi4E RNA (Sin-
gle-stranded RNA | ssRNA ) 47 35 45 55 M e =) )
Hb BT LIXHIEIR R N AR R ssRNA 4 7AE 4R 5
P 1) %) ( Collateral cleavage) ' ;1 5 Cas12a #f
[, Caslda ] LIHE [a] )] ssDNA, JCF5 32 il T 55 &
JF51%) A, CRISPR/ Cas T LA TR I 45 5 1%
MR8, I LA 5 RO | i e e 1 s W R
FRZIR R3] 1 ] gt A2 P Ry R A, B T 40 T2
i, WF5EFEBH, CRISPR/Casl2a 1] T ASFV 1K
T, 7)Y v 9 e ) R R S 194 1) o 2 (] SC B A 31
DNA ( Clustered regularly interspaced short palindromic
repeats DNA , crDNA ) 1] DASZ B kb qPCR & 10 £5 19
FAE I ssDNA 34 12 9¢ 6 41 7 K 5 ( Fluoro-
phore-quencher, FQ) , A LI7E 2 F ke il F- & , 4 {58 #5
G HRAN | B BRI UG 53 Bt 52 50 55 55 BE AT A1
o f . EF X ASFV B6d6L A # 31 iy
CRISPR/ Cas12a J5 ¥, A] 5230 BF 2 Al R A, 5 RPA
J7 LG A R LUK R B 6] 45 48 2250 min'>, H T
SRR s e B LA 255 FQ., Al AG: I i 7] 47 J
% 40 min™ , %3 4h, CRISPR/ Cas12a i ] Ll 5 3£ T
PG HE 5 F L (Point of care, PoC) ™ i i
A A% %% ( Lateral flow biosensor, LFB) ™ %%
YWt s > M &, ASE L fE A
EAh, Wei 451 AR IR T BC IC 27 B I 1Y
Casl3a [A] J& # ( Leptotrichia Casl3a,
LwCas13a) FMA 4] &0 36 P, S2 3 T CRISPR/ Casl13a
TE ASFV K0 v i 5 O H L 456 RAA A1 LFD AT LA
SEP v R A AT A, RS R R AT AE T h
SERG. Ren %R A IwCas13a #5719 CRISPR/

wadei
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lwCas13a 777 , 7EBLE AWK D1 B G /5 5 RPA Fi
LFD 454, Al LISZ Pl S RT-PCR — 3 B & R
U,

KM , CRISPR/ Cas12a & F Wik HEA TR, 42
MR BB, NI AL RE SR 5=t
SRS YL A ), B AT — B vk A T ) LA ket
He LIRIAEL, {H B %7k CRISPR/ Cas12a Y] %] 5

YRR K S A SCRIR IR, AW LB,
FE—BR AR I AT, PRI R SO 2 e 2 A
B g, I 0T B A T BETFHIL 1A A S B0 A HIR 1324,
T P A, R4S CRISPR/ Cas 782
PRSI 7 18T 4388, AL R T2 R S5 AR DD BB
il , 27V 1) Z2 FEAI BE T 37 2 R

ASF A Rzl 75 0k B LR UL 1 AR 1

7 MR N SRR
[ L i 1
| e &S A ; ) ! |
1 = - o S 1
| | ] LI 1 o) [F20) =
: e e ;
: " ¥ !
1
! PLATB PLATB PLATB : : -0 R ~ :
| el ik Jebrik B ) | o “ee:  ee =
! A WEATOCRIENTE | BAASY T = !
| (ELISA) (TRFIA ) Dy CERROR N . mam i
i 52 RSP IRt ¥ e l T > oumes :
Nt ESL e RRIZABEENCA L b T2 A
{ »-+i§+®_*> oref@) +10 mﬁ_’ L X iﬁgi};ﬁﬁ e i
// 7, ! .-.-.—"
E BRI B AP 5 Sk RS H — // / : :‘ (RPA) ‘ L :
\ RIS BTER WA S A S S —— :
iR (CLIA) ’ N
/" PCREHI MiENE
: DNABHE : %ﬁ&[ﬂlﬁ%ﬂﬁgggg“ RNA CasHEH 175751 clIu:leh‘v:ll._ :
[ P | 3 —-—O“ﬂ—' \
I i) X RIJU LA [ .';,‘I 27
: Gowsom " t (CRISPR/Cas ) o
! I ]
E iR 2 ropiR || - E WA;EEEE>‘ —Rﬁnfukm
i H AR SERPR A REASLN, TR A ) | Cas12a Cast 1
b (PCR) (RT-PCR ) (ddPCR ) F % y
E1 ASFHIERNAERLE(BHE)
Fig.1 Summary of existing ASF detection methods ( Self-drawn)
*1 ASFHFWRNAERNH
Table 1 Application of existing ASF detection methods
[RLIDIRES RIS LERa R 0 i) R P
Detection method Sensitivity Specificity Detection time Sample type Comment
7 LR (05 A A S
4% ELISA . . 2-3h i RS 05 R A X
i
Wet> ELISA * * 2~3h JIRTF R AHERER 2
ya ==
M ELISA * * 2-3h ML AT ASFV PR bR AL CD2v 6t
FRS
BELIT ELISA #* * 2~3h QIR PR A H B
B P2 BT A 1 * * 2~3h G e E LT RO B ICEE T2 I A A
G IR BUITE X5 . ; .
2y SR =)
(MB-LIPS) * * 30 min (mpicaid R 0 e i)
POCRIEIZHTIER . ; N
3 S s i
(QD<-FICA) % * 20 min 1ML ARG 000 st (i) Je
P SN oS e DEs
1&%7;1;(:%%&6}1‘}?& N * 20 min 13 e BlAer - Be
(CLIA)
DRI N; Y s e e 75 min s HT 24 ASF K, — M AE g il
(FAT) Bl I Bt
1 4B B 43T . A N
s : o Swin DAY KW T RO H ELISA 7
R HREEA S . . 2-3h i A PR 7 o

(PCR)




96 3C Tk &% iR 60 %
g
i 75k R FesME oRilingla] R i S A M
Detection method Sensitivity Specificity Detection time Sample type Comment
S E B PCR - s N MW L 2H 2L KR 5 0 . .
(qPCR) ok 5~6h TV REUE H PCR =5
LT ALSUE S B TTIX 5% ASFV LR T SR I, LK%
AT qPCR STOh T T W R R 2 ) 2 b
A ; . VoV L LAY T ) ASFY IBF R b R DR
Z I aPCR . STOh g bk, 1< ASFV 7 CSFV
et S—6h ML ARBE RMREERS O
W ddPCR e e 5-6h s %Ijl;é} ASFV B 353 e 1 35 [ ffe 2 780
S SR A e opas e L R RRWIT, 555 AT A, 1 (0
(LAMP) AT BT R se2 2  HAb R 5%
é fiTiN I(’ 5 - — N
FALF *Ef(‘ffjf) A 15~25 min AL JEA ALSURERL RN B, 45 B T R4
4 AT N
iﬂﬁ@%gpﬁff SRBOR 10 min e JBE A B KT b, S5 TR
CRISPR/Casl2a stk stk 40 min ~2 h ﬁzn?NA‘ i, 4 RAPUE R AEEE, R T
CRISPR/Cas3a - - f; e L LR
el e B A A . . 10-20min ik STV I AR
kﬁgﬂ(i{?@ )ﬁt m* * * 10 min LRE i R T B
o —1 = ‘Q
QbM (’é’fh’i’fgg% . . 25 min i SEBD K F-B

T K o PSR o R RSP

Note: * :General level; s :Medium level; ##x ;Highest level

2 ASF #HEWN T %

ASF AT RGN 7 125 0 8 3K B A s 1) R, [
P v 26 A 00 2 o 5 [R] R0 RE A , B 2 R A Ik 1]
AFHAE 1 h N EICIE R LT A A I PCR AN 4 2
CRISPR/ Cas, {5 2 L M BHAR N 51 88 53 53 19 A )
ASCAS , TCIEAER AR 23 v /NS 7 S B DR R A A
o AFRYHEEOR B ARSI | EHE A G, (R A7

FEAT IS G I ARG TR T R 2 A
Rl () Jry B . PRI, ASF B0 K60 5 12 e 1 BE s 3]
1o RARE, MO P A A B R, ASF Y
Ry ik FER I T A YGRS N T8 BB (Artificial
intelligence , AT) f% Bf | ST A4 4 AR FITRE I 1A 2 8 45
JIraEST (£ 2) , HAE ASF R 7y 1 ) i FH A B[R] sf
fipp ok bR PITAT TR, ELES/FRE ARSI 7 122 1 O A i
B , DASE B i R et (A S E A

%2 ASF #HEUGN 75 % R A
Table 2 Application of novel ASF detection methods

KW 7ok o K AT AL P e
Detection method Rapid detection Field usability Visualization Nucleic acid extraction Economy
A v VvV x VvV /
BT AR A R RS vV vV % y ,
ATHIBE(AD Vv v v ) .
{328 vV Vi < N v
AR A vV v x VvV /
g 81 H- (Hive-chip)
AR ZE 4 LAMP A \ X vV x y
R R8T PCR
(edPCR) X x / vV %
T A e v vV x % vV

TV ARG ) ARSI HIZRE AT

Note:V/ : Consistent with the characteristic; x :Dose not consistent with the characteristic; /:Not documented for the characteristic



534 W1 5 45 AR YRS D 5 v S 97

2.1 EYMEIRGR  AEWAR A AL T TR A S B
ST L O BT HL AL AR 1 R R A4 S, )
FHAS R4 358 70 0 1y AL TR 1) 20 5 O ) V2 W 1%
SR, B SN O bR PR BT R AR RN AEA
PR KA BRI R &I 5. HAE, 5T ASFV
DNA F18i4Z% M ( Locked nucleic acid, LNA) FF % i)
THREAG I ASFV 1 4= ) 4% B g% , Tl sk fg RT-PCR
R &~ I YNGR S (I 8 S U]
ST A FER 9 A 4 A e A 7 2 S
A — P AL ASE K 2245 , BE S i DU A% B9 R L
Mz s oL, A7 BT ASF BENE 1 R R B, ARAT
FURE TP TAHRIZ A AR AR ] T ASEV B RR AL
PRIEL (AT, o (40 2 A e
2.2 ATHER AT ARG E WA B H RN,
TEAKAD AT REH B R iy 927 . HFT, B4
AT LA HT AT H AR 52 3R MR I (19 ASE Wi,
I B S AT S AL B R GE T, Rk AT
T ImKZHr, FIH ALAEIH =4E (3 Dimensions,
3D) REARPLS $ S AT W, RE 6% A5 Bl 4 1 L AR
i 7 LR R B ASF SR AR T AT WAL A
KA N AR, 3 4 T A W AR
{EJ2, T AT B s B 5, TR 2 IR AG T B AT I
AT RHEATRT I, e R v T B8 AR DR 4, HLEF
RGO 1) BTV M e 6 22 S R, DR G 0 B 48 11 W
IR INIXE o D 1 I8 7 B0 B 4H R R SR s 2 %)
3D BRBEMIEE AT AR B, O 5 )5
VSR B o A | LA IS 380 B A 104 MR R, o
2.3 REZk  EETREERAZ M HOR (Bead-based
multiplex assays, BBMA ) -2 3% F R4 2R fr 13 57 9 &1 %6
ZR TP 3 BT BR8] T o e RS
AR 2H R R T REER, TR DU R A i e
TR, 5ol PCR 7715 & A e e R AT I REZR 24 30 T
R, B Frs tEAS i/ JE T B iR | 22 g%
B AS TN 57 5l 3 A e e, 7o 5 1= U8 3 2 s it
KGN LRG3 IR K- D 6 | 95 g M 00 A 92
PEAR

FIATC T & Bk TR 2R A1 ELISA 19 4 AL e
Z RICARIE M AR ( Amplified luminescent proxim-
ity homogenous assaylinked immunosorbent assay, Al-
phallISA) , ff#fi T+ PerkinElmer A4 R 563 B 15 [
FHES3 BT ( AlphaScreen®) | 3R I 4 it 4L il 1 42 %
SRR, AT LUK I A & bR AS v 22 A
AR RS NG B Sk e e AR PR
R S50 1 @ AR ASFV Y p72,p30 % [
1 CSFV 1y B2 AP, HE4T =R R AL 70 Hr LA

KU ASKV UK, figt ke 7 HHT ASFV il CSFV ik
Ao 1 AR ARG T S 53032 W £ PR A
A LLKF CRISPR/ Cas 5 i BR -1 T 44 ( Magnetic bead-
quantum dot, MB-Qdot ) %54, &t 57 BE W% 76 Pl 37 (6 £
Kl ASFV (75 351 o Sk AT LUK HLEE A RS WA
H S iR S Gk o BT EeR A S5 &, 2 — 20 923
e AR

2.4 BURMEAR ORISR R —F LA 2K
AR T B R Sy il 1) ARG 0 e AR, T LKA o 1
£ o B ARSI 5 25 BR A2 i 3 A ROK 08 3 1Y
Jreb IR AOR B B AR i AR Gl A, BAT R
R0/ i A R AT ) AR S AR A, FE AR W) o
ST R ™ R Ao A e R e ST
(R 15 AR AR BUE DGR BT 5 1 A IR A TR Y
1 £ 45 ( Circular fluorescent probe-mediated isothermal
nucleic acid amplification, CFPA) , 75 IR T PCR %3l
BRI 2L e LAMP 8575 v AFTE AR R e ) 1 &)
T RIS A B, HAT PR | el i SR | n]
FHT BRI 2540 57 e 06 5505 F (Hive-chip)
HARE LAMP $iRMZ G 2 H A&,
LI AFSV £ 4~FE£ K ( B646L . B962L . CT17R . D1133L
F G1340L) VA 0 #E £, P A B B 1 4 2R 1 1
B AR R R R AR B
PCR ( Chip digital PCR,cdPCR) £ R 47 ASFV #&:31
LAY O A AR RS S R AR R R
KT LIS A S TAE R A 25 5, 52 By Jl AR
i FR N

2.5 BEAREEE  WEWACKE E i G URL B K PR
FE RN R TG ) o 2H B, sk @4y (B B4 )
TETFIRCAY - 1oL R A WG A, mT LU Tl 4R 4%
P2 , A B B R TR =2 ) A% B R, 52 IR A TR 2
B AN 1Y, 2B A — T TH R ROR TR A A% TR 4
WA B , 55— T T AT LA AR e R A e e T
HAM TR BEIT R 09w 0. Aot g 7
UG AR BT ASFV (1 B IHAS T , 3%5 45 %
IR RERAR B, A 3 i 2H 2B TR AR
Hifgall DNA, I A1 F P B 22T RT-PCR, H.
e (e QN R € w.wiil T A 3
TR A e T A R I AR I B 53 Ay i, AT LA
IKEN T T e U e AR T G R TR
A S B2

3 INEERE

ASF [ 1921 4E7EAR I RO B , B X 4Bk
SBFRN T ORI, b1 T H A i G R B A
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e PEDURTELNY) , bR T 52109 B i SR IO R0 AR )
LA AN, P MER (EFER 2 W T At RE S
ASF P fit— 2O m . Rk, R mf A &L e 1)
ASF Kl 77 12:%5 1 ASF TG RIB L T2, ASF
PRAT AL 7 32 A0 F ML 7 A I PCR A | 25 i 47
SRR CRISPR/ Cas 45, 3X 677 1 A7 10 N 51 25K
e I R B A BB, HL ML 2 A PCR RS
WP, T IR ], ASF 5 BUAG I 77 v 1) I &
FEIRAE T IK B BE Ak A I T BRI AL
NN, A AR RS T A ARSI B[], AT AT A
GUOREAS HoAT R I, BT REBR Y 7 ek o
e, Ot A B AR T S I v 3 e DR A T
PR AT ARSI TS G (R, 2020 48, ™ 2L
uﬁi}%é‘ ?Eﬁﬂj(fﬁ ﬁ( Severe acute respiratory syndrorne
coronavirus 2, SARS-CoV-2) 7E & BKEL &, I T M X}
B R AR R AT 22 18 R MU 3k, B 22 | BRI I Y
Kl E AR RGBT AR, Hob, B ik a0 2% A 1% TR
i DG R i F R Al o A ) A% SRS A5 HAT DR
1 RABE PRI SARS-CoV-2 B KT,

H T, KA ASEV 2 4% 254G I 4 A J2 R H 4
YRR R IO I SER T RIS 0, Li O 4R
B ASFV Lt 5 9GRS & i 4 FICTS, HAG I
RORYE ELISA JLP—2, £ SARS-CoV-2 4t
FBARMBIFC T, Hu 457 ST LFA 5590640k
UKL, 65 A6 e 2 AT i 2%, AR T AR 4 f e
JENTIRARSAS , RESC IR AT I B A it ) oo R U2
Kl , 5 PCR AR BAT B i — Bk . 7e9K
BORZEI KRG T, ol LK ASFV 5515 564
KRPURESS 5, 2 57 R U T T A A SR A AR AR
PSS RAGFESER) ASFV 4G, 72/ P18 1
o, EE A RNA SRR 4 LA S RNA 318 Fi ks
D AT 3 — UM AR RS b, A O 4508 e A
Ab, B 6] ( Point-of-care test, POCT) £ 2514 [ &
1F SARS-CoV-2 #7554 4 ( Nucleocapsid protein, NP)
v 2 R RG  Hp (3 4 P (45 38— LR R T
Jia 557 E UK odPCR AR T ASF A0 o, B
ifif i B iRk B R AR R He 5T Mg
CRISPR/Cas12a # R 5 POCT %54, Al LA 52 81 4
ASFV BYPREAGIN  BEH A P12 AR FLE 4L
KRBT AR, 456 A SRS T Al , ASF 5 45
ARECVF T DLAE$ i 22 5032 1 ]I, S 30 g el A A

BT g R AT IR SR A% 2RAL R AR 1Y ASF A
AR BATE R KW, T ek HER | =
AR ASF R b AT R 19 0 A5 (A 3t
— B RE, B, RRFFEIT & ASF i Bk J7

5 BB | AR SR AN R N AT
IKFEAHEEE L
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