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Abstract: [Objective] To establish a mouse model that effectively simulates the key clinical
features of porcine Senecavirus A (SVA) infection, providing a crucial experimental tool for
elucidating its pathogenesis and evaluating prevention and control products. [Methods] Five-week-
old SPF C57BL/6J wild-type (WT) mice and type I interferon receptor-deficient (C57BL/6JVE"7)
mice were inoculated via intraperitoneal, subcutaneous, and intramuscular routes. Blood and tissue
samples were collected on days 1, 3, and 5 post-infection (dpi) for analysis of gross pathology,
histopathology, viral load, and dynamic determination of inflammatory cytokines at the
mRNA level. [Results] Compared with the mock-infected control group, both mouse strains
developed gross lesions (e.g., swollen inguinal lymph nodes, yellowish livers, splenomegaly) and
histopathological lesions (e.g., cortical disintegration of lymph nodes, hepatocellular necrosis,
atrophy of splenic white pulp, and renal tubular necrosis). However, these lesions were more severe
in C57BL/6J™ "~ mice. Viral RNA was widely distributed in tissues of both groups but was
significantly higher in the C57BL/6J"*~ group. Notably, viremia was undetectable in WT mice,
whereas in C57BL/6J '~ mice, the virus was detected in whole blood as early as 1 dpi, peaked at
3 dpi, and then declined rapidly. Inflammatory cytokine analysis revealed significantly higher
mRNA levels and protein levels of IL-1f and IL-6 in C57BL/6J*~ mice than in WT mice.
[Conclusion] The C57BL/6J"™~ mouse model successfully simulates, for the first time, the
transient viremia characteristic of porcine SVA infection. It comprehensively replicates key
features, including the multi-organ viral distribution, high viral load, and self-limiting recovery,
providing a more effective animal model for delving into the pathogenic mechanism of SVA and
evaluating vaccines and antiviral drugs.

Keywords: Senecavirus A; animal model; C57BL/6J wild-type mice; C57BL/6J™R= mice;
infection characteristics

A TIN5 (Senecavirus A, SVA)E T/IN  BEIESE RNA FaE. HAEP 4K 2 7 300 bp,
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I (A, 2B Fl1 20) 0 P2 X . JE&5HE A
(3A. 3B. 3C Fl13D)J P3 X, Zihdflzhty 5k
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T C57BL/6J WT 5 H: 1 B3 2 32 R I R R B
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1.1 FREMELEEI

SVA B Pk AR 5L 00 % 43 B R A7 . I3l
Yk FH S R ME 4 TG R A 9 R AK (specific
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PR & PR 22 B S s W AR B L b, R
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1.2 EEXFIFLEE

TRIzol i& 7| Al ChamQ Universal SYBR
qPCR Master Mix, g 5% i MERE L W) BHEL ey A
FR 2 7] ; PrimeScript RT Master Mix s fl] & ,
TaKaRa /N#l; CBik, FigsigAb 24850 4 PR



MR S| MUEYEIR, 2026, 66(5)

2433

Al R, LIgIE AR AR AT 4%
WP R SO, i A MR AR AR R B £y
HIRAT; /NELIL-6, TNF-a & IL-1B ELISA i&
F&, PUNEZAEYHEARABRA .

RIS, s Sl R R AR AT
R S AL, I A B O LA S A R
AT PCR Y, Bio-Rad AH]; SEBF28 G E
PCR Y, PH%RERARAF; MR, 3§
BRI A FL
1.3 /MRHEFRE

# 48 H C57BL/6] WT /IR BEHL > 1 4 41
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R, 40 TR 1. 3. 5 K (days post
infection, dpi) >R 4 45 41 /N BT &E 4= 10 A0 i3 o
CSTBL/6I™ /N SE 40 4L . 5 B R 1)
EtaS4 5 WT /N F—EL
1.4 RIBHIE

fE 1. 3. 5dpi, HAAMPLER 4 H/NE,
K BRI St e SR AT, SE R EAT R G
Ko FEAOWEIICSRAT. B M. B ER
WL SR S B AR IS oL, [RIRHAIEAERY .
TETCHE 20 TR LR L, BRI
2. — Oy E T -80 CCUKFHIRAATE, H TRk
W T — 8T 4% R DME P e, AT
JE SR R EEE T -

®1 KAREASY

1.5 FRIE&

P RAE TP B ZURTEE 4 1M A TRIzol i
R, VIR 29 . 4 °C. 12 000 r/min
250 10 min JFUREE B3GR, #1758 RNA filide.
f# F PrimeScript RT Master Mix i 7] & 5 RNA
K 5+ M cDNA, Lk cDNA Ny Btk , i f
ChamQ Universal SYBR qPCR Master Mix £ 32}
96 F PCR AL - XF SVA 3D H&[H K 4% 2 41 i
F mRNA 479 840 . L GAPDH M N2,
R AAC, 5% 9 A PR~ 55 0 35 PR HE A 7R X s
I3 SR 4% 5 B PCR A 955 3575 5h
WAL NERR P . TSRS 1
Fim o
1.6 AHARZRARLH.E)LE

B I PRV T 1 5 e B 2 4 28 A A 3
HIEARS DI o IR & il . KAuiE, #1798
RER-ragetn, HIERLBRIMT: HRARKEE
5 min, ZKPE-7E-KPE-1R KRS, P
MR 85% . 95% M L PEEREFENK S min, BT
HYA 5 min, g TR E R, 2R R
T TSI FIPAG L U AR 1k
1.7 BBk % % I BT iR 56 (enzyme-linked
immunosorbent assay, ELISA)

EFRUE SR AR I MG FEAR 4SS 10 ul, SIMA
50 uL ZrMrgg i, A 50 uL sk,
BRI 55 5 7R LR IR A =R E 1 he
B S 2, BEFLAIN 300 pL PR, HE)S
I, HE 4. BFLIMA 100 pL 555
SEMZE-HRP, FEARRE 55 )5 e LARIR & 4%

Reverse primers (5—3)

Table 1  Primer used in this study

Gene names Forward primers (5—3)

SVA 3D GCGTCGCATCAAGATTACCG

IL-6 AGTTGCCTTCTTGGGACTGA
IL-1p GCAACTGTTCCTGAACTCAACT
TNF-a CGATGAGGTCAATCTGCCCA
GAPDH AAATGGTGAAGGTCGGTGTGAAC

AGGTCAATGCCAGAGCAGTC
CAGAATTGCCATTGCACAAC
ATCTTTTGGGGTCCGTCAACT
CCAGGTCACTGTCCCAGCATC
CAACAATCTCCACTTTGCCACTG

http://journals.im.ac.cn/actamicrocn



2434

YOU Linggiao et al. | Acta Microbiologica Sinica, 2026, 66(5)

FERWEE 30 min, FfJE 5 R WAA, LM
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B, P<0.05 FRERHAGHR
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HIR 45 N, SVA Yy 4H C57BL/6) WT
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AN B — R R G AS . MR A R
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B EE 1B); W T S s AR
YL/ NS I R R R 1) i
B DR B INIR W (K] 1D-1F), ik
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FRGAT . HXTHRZHAR G, R /N BRI I8 bk
EL 55 0 DR P B A B G L g M A e i T
(K1 2A-2D); FFNEZRILA A s A . %R
S Je, IFIUECE A9 SRy kMR FE (K] 2B-2H);

B

&1 C57BL/6J WT/NRIRIEHIICLER
Figure 1

Pathological autopsy findings in C57BL/6J WT mice. A: Inguinal lymph node; B: Liver; C: Spleen; D:

Brain; E: Kidney; F: Heart. From left to right: intraperitoneal injection group, subcutaneous injection group,

intramuscular injection group, and negative control group.
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3. 5d/DERALU R EE RNA, 455 R (A 3),
SRR R B /N ERAE PR . DG . Al . 8
JREia ik T 25 A 4 4L b S RE A TN 2% 75 RNA, (H
SR I, $OR AR TE B0 B INUAE o 5 2F
i 2 W A SR T REVA I L A B
Him i, 20 1x10°-3%x10° copies/mg; HFHER
R 2z, A 53 Wh 3x10%-2x10° copies/mg

Fl 1x10°-1x10% copies/mg; O, ffi. B . M5
JUE 2% v 7 28 K E 29 1107 copies/mg. i
JETE ST AE G L R . D E L Bl B A
T 7 FEEUAR B4 45 v 9 7 2 it 2 o B R AL
WIS (E 3A-3C), R ET ST 5 i
A BV . AN, ETEET 1 dpi ATTERN A
SUhR Y, BEE A, Rk AR,
PR WT /N BUAT 38 1) K 9K e 8 4 0 458 il SVA
2l

2.4 C57BL/6J"™ i\ iR B I 2 [ fiE

AW EM, MY SVA R R 2
HESRE MAE , X A I R G R AE 2 12
i F C57BL/6J WT /INERAS HH BRI B ILAE , MELA

B2 SVAREZS|FCSTBL/6J WT/N G H BUSE BR 13545 (400)
Figure 2 SVA infection-induced parenchymal injury in C57BL/6J WT mice (400%). A-D: Inguinal lymph nodes

of mice from the intraperitoneal injection group, subcutaneous injection group, intramuscular injection group, and

negative control group (from left to right); E — H: Liver of mice from the intraperitoneal injection group,

subcutaneous injection group, intramuscular injection group, and negative control group (from left to right); I-L:

Spleen of mice from the intraperitoneal injection group, subcutaneous injection group, intramuscular injection

group, and negative control group (from left to right).
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Figure 3  Viral load of SVA in tissues of C57BL/6J WT mice. A: Intraperitoneal injection group; B:
Subcutaneous injection group; C: Intramuscular injection group. ns: P>0.05; *: P<0.05; **: P<0.01; ***:
P<0.001; ****: P<0.000 1.
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Figure 4

injection group; C: Intramuscular injection group; D:
Negative control. ns: P>0.05; *: P<0.05; ***:
P<0.001; ****: p<0.000 1.
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&S5 CS7TBL/6I™ INEIRIBRIR LR
Figure 5 Pathological autopsy findings in C57BL/6J"”~ mice. A: Inguinal lymph node; B: Liver; C: Spleen;

D: Brain; E: Kidney; F: Heart. From left to right: intraperitoneal injection group, subcutaneous injection group,

intramuscular injection group, and negative control group.
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[El6 SVARKFCSTBL/6J ™ /NG B B8 A = E 0L LR ER R 17 (400%)
Figure 6 SVA infection causes more severe histopathological damage in C57BL/6J""'~ mice (400%). A-D:

Inguinal lymph nodes of mice from the intraperitoneal injection group, subcutaneous injection group,

intramuscular injection group, and negative control group (from left to right); E—H: Liver of mice from the

intraperitoneal injection group, subcutaneous injection group, intramuscular injection group, and negative control

group (from left to right); [-L: Spleen of mice from the intraperitoneal injection group, subcutaneous injection

group, intramuscular injection group, and negative control group (from left to right); M—P: Kidney of mice from

the intraperitoneal injection group, subcutaneous injection group, intramuscular injection group, and negative

control group (from left to right).
3 WwhEER

A 37 16 0% R Aff S DU IR G B B0 AR Y
SRR AE BT SVA BUWHLE] -5 A B 427 i
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EBY WA, AMTEALELE WT 5
CSTBL/6I™ " /INEUAE 3 R Rk 48 R AL 3l
F1%, UFSE SVA 7EW /NP T i 4 b
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Figure 7 Viral load of SVA in tissues of C57BL/6J" '~ mice. A: Intraperitoneal injection group; B:
Subcutaneous injection group; C: Intramuscular injection group. ns: P>0.05; *: P<0.05; **: P<0.01; ***:
P<0.001; ****: P<0.000 1.
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P<0.001; ****: P<0.000 1.

http://journals.im.ac.cn/actamicrocn



2442

YOU Linggiao et al. | Acta Microbiologica Sinica, 2026, 66(5)

JaTE RNA ST B il B AR Anpk
I N DTN [N = NS 7708 T R N
AL, HUOKESS . FFAE . BEE s 5 25 i e
R, KA IR S LA kAR - 45 - DA - i -
SRy AR R B 43 A A R — 3 (/N BUTC e Bk
o KN HERNTE RTERAENE | G PRABALME 5005 22
o Z MU T e, DR o A o
WHIRR,

5 T ILAE 4 SVA IR R B I 3 (W pr
PRI (H T A /) BRUBE R L AR i ik —
SRR ABFEAE CSTBL/6I ™M /N R s o 4D
T OCHER RE  MOR EE R TE 1 dpi BIGA
1x10° copies/mL, FF 3 dpi ik FIE(E 5 Mk
K, EEELT SN A0 B e AR IR
WEENE, 4% 2R PCR /R, WEELY
2 S B — B R - B T R = )
Bl )15 M 26 (1-3 dpi f 2k it [+ 1-3 logy),
X5 EEIMAE SIS WA, ML T e i
AT RS Y R SCUEE  HE, RAEUR
JRAE 7 AV AZ BRI P iR T HARRESCH, (A
5 B 5 B0 1Y) 50 4 7 1 3 ) 80, © e il
BT B UE— R AR B

I B2 22 AR O, CSTBL/6J ™R /)\
B S22 300 1 <550 - i [ > Yy 8 S AR . LT
DLk E SR R E . R TR
BRI B85 B A A . R /NBE SR AT L D
a5 KB /INE A, BGRRE R WT 4B EhnE,
H A fih & 1L-6, TNF-o, IL-1p &5 XX T E,
R FAUE R R LR, HEN
IKEBAR, PR B ) Fa 928 B g oy 1 I MILAAR ™
F0, kSRR SR F IR Y
Il PRAFAEA AT HOR SVA o AL LA B 1
YA o A, MRS B RE . AN, TR
RGN ARG R R SR —E B Y TR
T Z B Af C5TBL/6I ™ /NR TG 3h
25 ML) TIFN-o/B-JAK-STAT i i (s S eg, &
FUwEE IR, WA WT 4IRS
1-3 logjo, HAEUEL TR RGEAEMT SVA K
WY P EHRDER, WG EF5E SVA 5

P4 actamicro@im.ac.cn, 7 010-64807516

16 FARR A EAE . Tk TR A s bl
AT HWT5

g LTk, A WESE LT g S IF /AR T
C57BL/6J WT 5 C57BL/6I™F~/NEL 1Y SVA Jgk
YRRy, B T B AR R (R RS .
9 T A 200 A R B B g B R AR . e,
CS7BL/6J™NR=/N AR PR BEASE L3 ()99 75 ILAE
FROE, IEHTREE-1E EEAE . PURREZY R
BRIV s WT /NG . #AERTE, T
TR BE VR BE T LLEC . T IR ) 7 B R A
JEPLHIIR R . X 2 MBI Ab5E, i SVA 2
AL . B 487 DR D S 9 SR A
FRIRME T AT | B H AT siT 6 .

& Tk = FR

WeRYy: ST, MIHEE S8 K. 3
BRI SRR, RCHRE SENG Ml BilioE
530t AR Ag B S S RO, 0 SCHR A R A
B UM SCEAEAM ST, TH SR, AW
e, WEEH, ERfk: SCEERME ST, &
UG, REOEH D SR, AR

{EE MR LT AR

VR P I AEAR AT AT RESS SN AS STl i TAR
R E R A s AR

RPN

[1] Hales LM, Knowles NJ, Reddy PS, Xu L, Hay C,
Hallenbeck PL. Complete genome sequence analysis of
Seneca  Valley  virus-001, a novel oncolytic
picornavirus[J]. The Journal of General Virology, 2008,
89(Pt 5): 1265-1275.

[2] Pasma T, Davidson S, Shaw SL. Idiopathic vesicular
disease in swine in Manitoba[J]. The Canadian Veterinary
Journal, 2008, 49(1): 84-85.

(3] HAHEH, FREEHK, Bk, . ABIZEN RIRFERT ST E
JE[T]. s BE 40, 2022, 43(4): 69-74.

Xiao JX, Guo XR, Zhao K, Yuan WZ. Progress on
Seneca virus A[J]. Progress in Veterinary Medicine, 2022,
43(4): 69-74 (in Chinese).

[4] Zhang JY, Zhang H, Sun WC, Jiao CC, Xiao PP, Han JC,
Nan FL, Xie CZ, Ha Z, Li ZX, Xie YB, Meng Y, Lu HJ,
Jin NY. Genetic evolution and epidemiological analysis
of Seneca Valley virus (SVV) in China[J]. Virus
Research, 2021, 291: 198177.

[5] Li CY, Gao CL, Tao LF, Cui J, Zhang H, Zheng H, Wei



MR S| MUEYEIR, 2026, 66(5)

2443

[10]

[11]

[13]

[14]

[15]

[16]

[17]

R, Gu SP, Sha Z, Ni B. Epidemiological investigation of
Senecavirus A infection in pig herds in China from 2018
to 2021[J]. Frontiers in Veterinary Science, 2024, 11:
1391513.

Preis G, Sanhueza JM, Vilalta C, Vannucci FA, Culhane
MR, Corzo CA. Senecavirus A seroprevalence and risk
factors in United States pig farms[J]. Frontiers in
Veterinary Science, 2022, 9: 1011975.

BEET, G, sk, XRIR, TR, VA, B
o, BBk . A R ZE N R REDF S 0 SR (D). v ) 5 B2 2
2, 2021, 41(8): 1645-1650, 1657.

Liao YX, Fan JD, Zhang MR, Liu CC, Zhang YY, Sun
XY, Chen JD, Zhao MQ. Research progress of
senecavirus A[J]. Chinese Journal of Veterinary Science,
2021, 41(8): 1645-1650, 1657 (in Chinese).

B, mdl. FENRRER AR P EE RO,
2023(16): 124-125.

Baker KL, Mowrer C, Canon A, Linhares DCL,
Rademacher C, Karriker LA, Holtkamp DJ. Systematic
epidemiological investigations of cases of senecavirus a
in US swine breeding herds[J]. Transboundary and
Emerging Diseases, 2017, 64(1): 11-18.

Liu C, Liu YH, Li XB, Liang L, Cui SJ. Pathogenicity
analysis of weaned piglets challenged with novel
emerging senecavirus a in Fujian, China[J]. Frontiers in
Veterinary Science, 2021, 8: 694110.

Zhang HW, Chen P, Hao GX, Liu WQ, Chen HC, Qian P,
Li XM. Comparison of the pathogenicity of two different
branches of senecavirus a strain in China[J]. Pathogens,
2020, 9(1): 39.

Joshi LR, Fernandes MHV, Clement T, Lawson S,
Pillatzki A, Resende TP, Vannucci FA, Kutish GF, Nelson
EA, Diel DG. Pathogenesis of Senecavirus A infection in
finishing pigs[J]. The Journal of General Virology, 2016,
97(12): 3267-3279.

Chen ZH, Yuan FF, Li YH, Shang PC, Schroeder R,
Lechtenberg K, Henningson J, Hause B, Bai JF, Rowland
RRR, Clavijo A, Fang Y. Construction and characterization
of a full-length ¢cDNA infectious clone of emerging
porcine Senecavirus A[J]. Virology, 2016, 497: 111-124.
Koppers-Lalic D, Hoeben RC. Non-human viruses
developed as therapeutic agent for use in humans[J].
Reviews in Medical Virology, 2011, 21(4): 227-239.

Zhou X, Liang WF, Si GB, Li JH, Chen ZF, Cai WY, Lv
DH, Wen XH, Zhai Q, Zhai SL, Liao M, He DS. Buffalo-
origin Seneca valley virus in China: first report, isolation,
genome characterization, and evolution analysis[J].
Frontiers in Veterinary Science, 2021, 8: 730701.

Zhang JY, Li CH, Meng Y, Xie YB, Shi N, Zhang H, Yu
CD, Nan FL, Xie CZ, Ha Z, Han JC, Li ZX, Li QX,
Wang P, Gao X, Jin NY, Lu HJ. Pathogenicity of Seneca
Valley virus in pigs and detection in Culicoides from an
infected pig farm[J]. Virology Journal, 2021, 18(1): 209.
Joshi LR, Mohr KA, Clement T, Hain KS, Myers B,
Yaros J, Nelson EA, Christopher-Hennings J, Gava D,
Schaefer R, Caron L, Dee S, Diel DG. Detection of the
emerging picornavirus senecavirus a in pigs, mice, and
houseflies[J]. Journal of Clinical Microbiology, 2016,
54(6): 1536-1545.

(18]

[19]

[20]

[21]

[22]

(23]

[24]

[25

—

[26]

[27]

(28]

Turner JH, Paim WP, Maggioli MF, Peter CM, Miknis R,
Talley J, Bauermann FV. Prolonged viability of
senecavirus a in exposed house flies (Musca
domestica)[J]. Viruses, 2022, 14(1): 127.

Rosa RB, de Castro EF, de Oliveira Santos D, da Silva
MYV, Pena LJ. Mouse models of mayaro virus[J]. Viruses,
2023, 15(9): 1803.

Ariizumi T, Tabata K, Itakura Y, Kobayashi H, Hall WW,
Sasaki M, Sawa H, Matsuno K, Orba Y. Establishment of
a lethal mouse model of emerging tick-borne

orthonairovirus infections[J].
20(3): el012101.

Li N, Qiao QL, Guo HF, Wang BY, Huang Q, Wang Z, Li
YT, Zhao J. Evaluation of immunogenicity and protective
efficacy of a novel Senecavirus A strain-based inactivated
vaccine in mice[J]. Research in Veterinary Science, 2022,
142: 133-140.

De Oliveira Barbosa A, Gava D, Tochetto C, Ribeiro LC,
Almeida Bastos AP, Morés MAZ, Schaefer R, de Lima
M. Immunogenicity of an inactivated senecavirus a
vaccine with a contemporary Brazilian strain in mice[J].
Vaccines, 2024, 12(8): 845.

Wang BL, Gao F, Hu RJ, Huyan H, Wang GL, Cao ZZ,
Zhao Y, Lu HJ, Song DG, Gao F, He WQ, Lan YG.
Development and evaluation of inactivated vaccines
incorporating a novel Senecavirus A strain-based
Immunogen and various adjuvants in mice[J]. Frontiers
in Veterinary Science, 2024, 11: 1376678.

Zhao WY, Zhang SH, Sui L, Wang XN, Li JX, Cui W,
Jiang YP, Qiao XY, Tang LJ. Inhibitory effects of bovine
lactoferricin-lactoferrampin on senecavirus a and foot-
and-mouth disease virus with recombinant Lactobacillus
oral treatment in mice[J]. Veterinary Sciences, 2025,
12(3): 199.

JRREER, PNAF, SR, SR, ER T TR, SSAUA
TR hDS G2 FEBE D /N BRI R fy e K
SN FRICE R e, 2023, 44(8): 868-872, 902.
Zhou EL, Sun JP, Zhang MY, Han XJ, Wang JY, Wang
JX. Establishment and significance of hDSG2 transgenic
mice lung infection model induced by human adenovirus
type 55[J]. Academic Journal of Chinese Pla Medical
School, 2023, 44(8): 868-872, 902 (in Chinese).

Hu BY, Huang SY, Yin LH. The cytokine storm and
COVID-19[J]. Journal of Medical Virology, 2021, 93(1):
250-256.

Dong YB, Wen JC, Guo CY, Li J, Yan JF, Li MJ, Jiang T,
Gao YN, Wang XW, lJiang P, Bai J. Evolutionary
characterization and pathogenicity of Senecavirus
isolated from Shandong, China[J]. Virus Research, 2025,
360: 199618.

SRARE, WRSCHT, A R, BT 4, Ik %E, SR, fu it
R, REAE . 15 F LR E 8 e 7T 903 0 & ]
1 5 5 5 B 52 1) 9 0 1 AL AR (0], BA= o 4R, 2025,
65(9): 3935-3945.

Cai ZY, Chen WZ, Yang FY, Wei YQ, He JJ, Zheng HX,
Bao SJ, Zhu ZX. Voltage dependent anion-selective channel
2 promotes interferon response to inhibit foot-and-mouth
disease virus replication[J]. Acta Microbiologica Sinica,
2025, 65(9): 3935-3945 (in Chinese).

PLoS Pathogens, 2024,

http://journals.im.ac.cn/actamicrocn



