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Co-infection of classical swine fever virus C strain and
foot-and-mouth disease virus affects foot-and-mouth disease virus
replication
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Abstract: [Background] Classical swine fever is caused by classical swine fever virus (CSFV), which is
highly contagious and fatal to pigs. Co-infection of CSFV with other swine pathogens is present in clinical
practice, such as, CSFV is co-infected with foot-and-mouth disease virus (FMDV) in pigs. [Objective]
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The effects of co-infection of CSFV and FMDV in porcine host cells on replication of FMDV were
studied. [Methods] We constructed an in vitro model of co-infection of CSFV and FMDV. The PK-15 cells
were first infected with CSFV and then infected with FMDV. The replication of FMDV in FMDV-infected
cells and the cells with co-infection of CSFV and FMDV was analyzed by cytopathic effect, real-time
quantification PCR (RT-qPCR), Western Blot and indirect immunofluorescence assay, respectively. The
CSFV proteins that included the inhibitive function on FMDV replication was subsequently screened by
RT-gPCR analysis. [Results] Co-infection of CSFV C strain and FMDV inhibited the replication of
FMDV. Meanwhile, the inactivated CSFV also showed inhibitive activity on FMDV replication. A detailed
screening identified that CSFV C protein include the function to suppress FMDV replication.
[Conclusion] We found that CSFV C strain infection could inhibit FMDV infection, and the C protein of

CSFV included a function to inhibit FMDV replication.

Keywords: classical swine fever virus, foot-and-mouth disease virus, co-infection
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i E H Marker, Themo Scentific 23] ; g TiiAk:
YLt Lipofectamine2000, Invitrogen A+l ; ki

FEHUAFR &, Omega A H .

BEME RAG AL, Bio-Rad A+ ; #éyihmas
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%, A 75%ZEE(DEPC K ECH), BRIEEREO
JEUTTE, 4°C. 7500 r/min &5.0> 5 min, 7 Fid,
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B %6 s UMK Z (20 pL) : RT Primer Mix
4 uL, RNA #i#z 4 pL, RNase Freed H,O 12 pL.
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RT-gPCR J WA % (20 pL): 2xSYBR Premix
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F1 ERRAEEERT-gPCR)5I4
Tablel The primers used for RT-qgPCR

Gk A 51975

Primers name Primers sequence (5'—3')
FMDV-gPCR-F CACTGGTGACAGGCTAAGG
FMDV-gPCR-R CCCTTCTCAGATTCCGAGT
CSFV-gPCR-F GACACAAGCGCAGGCAATAG
CSFV-gPCR-R AGTGGGTTCCAGGARTACAT

Pig-GAPDH-GPCR-F
Pig-GAPDH-GPCR-R

ACATGGCCTCCAAGGAGTAAGA
GATCGAGTTGGGGCTGTGACT

T 51410 umol/L) 0.4 pL, ddH,O 8.2 uL,
cDNA 1 uL. RT-gPCR i £5f4: 95 °C 2 min;
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MIEPUER—Pr 4 °Caltk, 1xPBS EAETHVEI X,
FHK 10 min, fLA 1%BSA #Ri7E P, Rt
JEE 2 h, 1xPBS HAEEVE 3K, &K 10 min, fix
Ji ] DAPI Y44% 5 min, 1xPBS # & %Yk 3 X,
5 min, HZOGILREGEET T .
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PK-15 4iffi4z R 2 2 4> 96 L4 35 3= i
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2SR C bk CSFV 1y C BRI, 0.2 pglHl,
37 °C A FR 20-24 h, F FMDV-O i+ 50%
RE 100, 1072, 102, 10, 107, 10, 107,
107, 107° M1 207, A BIHUABREE R R 0.1 mL 3
Fh T A RN, BRI IR 8 fL(F%
HENZEBIAT . Ao s 8 B AR R B e, A2 Ay
5 B HEE S IR IR), B 37 °CIRAR AR
72 hJE B EESRAR,  AEE T WARAH H AR T 1O
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c 700 o Mock+FMDV
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Bl 1 CSFV C ¥kt FMDV 340 fm 12 E RS0

Figure 1 The effect of secondary infection of FMDV in CSFV-infected cells on cytopathic effect

TF: A: CSFV Al FMDV FHEUL iy BLiizCEl; B: CSFV Ml FMDV FLEYLR, 78 SR R X832 I A0t A rigstic s,
R K BERR A 400 um (Mock SHIEH PK-15 4iIifd, AR 4ZFMT M55 3 ; Mock+CSFV iy PK-15 #ilifi{ 455 CSFV; Mock+FMDV & PK-15
AR FMDV; CSFV+FMDV b PK-15 AiifE 4Rt CSFV G4k & #:Rl FMDV); C. XM{4%F FMDV, CSFV 5 FMDV #tj#&yL
A TAC T AR 4T, *: P<0.05; **: P<0.01

Note: A: The strategy diagram for CSFV and FMDV infection in PK-15 cells; B: After co-infection of CSFV with FMDV for the indicated
time, the cells were observed under the microscope, and the photo length scale was 400 um (Mock was normal PK-15 cells; Mock+CSFV

was inoculated only CSFV in PK-15 cells; Mock+FMDV was inoculated only FMDV for PK-15 cells; CSFV+FMDV was the secondary
infection with CSFV and FMDV in PK-15 cells); C: The number of dead cells were counted and compared. *: P<0.05; **: P<0.01
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FHEOCILRFERT I I T2 5% CSFV B Hil T .
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WY, RGeS CSFV TE4H & Rl %) 52 i B ] d b
5% (/€ 2D), 168 CSFV C #kIL& Y FMDV-0 BEEfie
i CSFV &, il FMDV &,

2.3 FMDV B2 357 CSFV HY PK-15 AR,
{@i CSFV E#{1BH1#] FMDV £ #

T WS REPESER CSFV i PK-15 4 g %
FMDV & 520, B CSFV-PK-15 4ifa4H T 35 mm
BRI, R 40 M % N 80%-90% i, 4% Fh
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I % () G g2 e i o
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{830 FMDV &,
24 K& CSFV C #k#EBEE FMDV A&
PK-15 #fiffIH CPE
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Y, I IC SRR AR R . G5 R UK 4 Pr
/N, HERKIE CSFV 48 h J5 L&y FMDV 5{04%
Fl FMDV AXf e, — % CPE F- LM B 251, 1M
Kik CSFV C tRIL&Y: FMDV A PK-15 41
Jituf4 CPE,
25 XjE CSFV C ¥kt EEEE FMDV #il% FMDV
=kl

T 05T K i CSFV AL FMDV 2 15
RefE s FMDV & il . # K i% CSFV 4712 35 mm
Beggmep 2 h, B 1%40I04E50, EIRAE 48 h
J&, dkELEERh FMDV (0.01 MOIN)J5 6. 12 h J5 gt
R, BT SERT St E i PCR., Western Blot
DO e RS alll 8

WK 5 Fras, RT-gPCR 45 %], FMDV
MRNA R KR TH S (R CSFV &
I H CSFV mRNA) (I8 5A), Westerm Blot 2% 5.5
B, SRR R A U FMDV AR,
FMDV-VPO [ ik K HAL(E 5B). #otit:
RAELE R W], K% CSFV 5 BiMdE T A RE M e s
CSFV HEHKiA. UL KIE CSFV C LR yL
FMDV {KIHREME ] FMDV & i .
26 CSFVC #k C &H#IF FMDV B9 &l

h T AT CSFV ML FMDV #iliifi] FMDV
S, S CSFV R ebyig s 8 e HAMHi FMDV &2
Tl FE R A CAE R . o PK-15 il =
35 mm AL IR, R B ik 5] 75%-85%
J5, F p3XFlag-CMV7.1 =5 #4A il CSFV C #k45%%
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©) Q

B <
<< Z i
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as == CSFV+FMDV-6 h = —
g0l = Z 10l T = Mock+FMDV-12h
< 3 = CSFV+FMDV-12 h
< <
< n<
g > 0.0 . l
> 0.0 , a ;

a 6 hpi = 12 hpi
= =)
&4
C . . . .
6 hpi 12 hpi 18 hpi 24 hpi
S Sk
@@ & @9 N n@ 3 @%&
F o8 F &“ U@ Kl
w\@c‘vc‘v’é\"é’% Pt @"‘J &
FMDV-VPO | . emes =
[ractin S s - — - - - |
D : . T
Anti:CSFV Merge Anti:CSFV Merge
o . . o .
CSFv+ CSFV+
FMDV FMDV
6 hpi 12 hpi

B 2 CSFV C #kiEEE FMDV Xt CSFV #1 FMDV £ #8950
Figure 2 The effect of reinfection of CSFV C strain and FMDV on viral replication of CSFV and FMDV

TE: CSFV C Husilt PK-15 4iljf 48 h &, Lt FMDV (0.01 MOI) 6. 12, 18, 24 h, WHUFES. AL B: 6. 12 h #:fh i RT-gPCR
il CSFV mRNA Al FMDV mRNA; C: 6. 12, 18, 24 h FE5 i Western Blot #5ll FMDV-VPO; D: 6. 12 h JLRMERIR L@ )
APV CSFV, WOEILIR A WAMEE T WAIFHET, Mock Ry iEH PK-15 4fififd, fER2s XTI, *: P<0.05

Note: PK-15 cells were infected by CSFV C strain for 48 h, and were secondary infected with FMDV for 6, 12, 18, 24 h. A, B: CSFV mRNA
and FMDV mRNA were detected by RT-gPCR with 6 h, 12 h samples; C: VPO protein of FMDV was detected by Western Blot with 6, 12, 18,

24 h samples; D: The expression of CSFV protein were detected by IFA with 6, 12 h confocal petri dishes samples, observed and recorded
using laser confocal microscope, and normal PK-15 cells was used as mock control. *: P<0.05
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Figure 3 Evaluation of viral replication in FMDV-infected CSFV-PK-15 cells

1F: A: CSFV-PK-15 J&t FMDV FYBei [ ; B, C: CSFV-PK-15 4lififi#F FMDV (0.01 MOI) 6., 12 h, WeltkEs:, FI/T] RT-gPCR
K CSFV mRNA & FMDV mRNA /K3F; D: 7£ FMDV /&%t 6, 12, 18, 24 h )5, F|F Western Blot £&:ill FMDV-VPO & i # 1k & ;
E: FMDV 4t 6. 12h /5, FIFIAEGEEEZOCRN CSFV HHERIKKF-. *: P<0.05; **: P<0.01

Note: A: The strategy diagram for FMDV infection in CSFV-PK-15 cells; B, C: CSFV-PK-15 cells were infected with FMDV (0.01 MOI) for

6, 12 h, CSFV mRNA and FMDV mRNA were detected by RT-gPCR; D: VPO protein of FMDV was detected by Western Blot at 6, 12, 18,
24 h; E: The expression of CSFV protein was detected by IFA at 6, 12 h. *: P<0.05; **: P<0.01
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Figure 4 The effect of reinfection of FMDV with inactivated CSFV C strain on the CPE formation
1. A: Ki% CSFV F1 FMDV JLEe s utbiz &l B: K% CSFV Ml FMDV ML), 76 WSS T X415 35 I 40 i pEA T e
o, MK EERRR N 400 pm; C: XHUFER FMDV KA K CSFV 55 FMDV LA, dH 70T 45 it

Note: A: The strategy diagram of mixed infection of inactivated CSFV and FMDV in PK-15 cells; B: After co-infection of CSFV with
FMDV for the indicated time, the cells were observed under the microscope, and the photo length scale was 400 um; C: The number of dead

cells were counted and compared
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Figure 5 The effect of mixed infection of inactivated CSFV C strain and FMDV on viral replication of CSFV and FMDV

1. K% CSFV C #kifh PK-15 41fitd 48 h )5, HRY FMDV 6. 12h 5, WHEES: . A: FIfJ RT-gPCR #5:ill FMDV mRNA A7k ;
B: /] Western Blot #5:l] FMDV VPO kK5 C: FIIIAHE GO LK Il CSFV SR IFRIAELL. *: P<0.05; **: P<0.01

Note: PK-15 cells were incubated with inactivated CSFV C strain for 48 h, and were then infected FMDV for 6, 12 h. A: FMDV mRNA
expression was detected by RT-gPCR; B: FMDV VPO protein was detected by Western Blot; C: The expression of CSFV protein was

detected by IFA. *; P<0.05; **: P<0.01

ST . Ui CSFV C ¥k C B A BEW I H] FMDV
2
3 it

AR, [ N A== K B9 75 LA &5 RO TR
H)RYIE AT G AR, LB GY A A AE U RIAE
fE

]

M, AWAATEARE T, X TR e e, nf
RE 23 ks B0 RE ) A AR A R4, Sl R
TG 22 e 2 MRS A
A EJREAE R, XA e IR B
o AHRSE 3 F E CSFV-FMDV St iA 14 it
B, XX 2 Ffip s B 5 A BV E R T
WRE, 45 KN CSFV C ALY FMDV Bef il
CSFV & il FMDV &, s gtk
Yy PK-15 (¥ CPE B s, Tisal/sy CSFV Jf

NG PK-15 4iffl kA, HERGLYS FMDV
A mMRNA FIEACEREL, Z4nsg PK-15 19
CPE, XWRE/EH N FMDV 5 CSFV C #RI L &
AR T CSFV IIEURYERRE, X CSFV
C PRI TIRTE JE Sy, 45 R A KIS CSFV
AL5 R PK-15 4ififif%) CPE A 2784k, {HA4IH
X} FMDV B IAAEEIVE . CSFV 1 2R
B, UG XTRENE RS OREIR , S TCVE S T AN g
HEFTRlE S 5 8 1 SO B RNA LRI LR 31
TN, M IFA SRR E X — . SR, 7£
CSFV Ak AN ATENL T, ARIHRBIERT Hgey
) FMDV fEEIIVE R, X vl BB/ K CSFV 7E 8
K I BRI BN, (H BEAS W B T 4 i %
T, 0K A A R I A Rk e R
FMDV 8531 7875 .

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



ST 1 B i T R M) 11 B 7 A

775

A Vec NS4B NSS5A E™  C

E2 El NS5B N NS2 NS4A P

FMDV-VPUI S —  ——

_—--—.—-——_I

[ritin [ — ——— . ——— —_ o —_ |

C C+FMDV
E FMDV mRNA VectFMDYV
p £ 157 FMDV-VPO | 9% wwew w6 o |
- ok .
Ag - B-actm] — — —— -—-I
z 1o == Vec FMDV [E—
< &3 C(0.5)+FMDV o .
= £ C(1)+FMDV Flagrl| |
g 057 = C2)+FMDV B-actin | |
-
2 0.0 D 100r = VectFMDV
— 901 1 o C+FMDV
= e —— 8.0+
N e R |
B-actin | | ;_\;:D 38
= 30}
20}
1.0 t
0.0

6 13k CSFV C # C EAX FMDV S#I89% 0

Figure 6 The effect of C protein of CSFV C strain on FMDV replication
1. A: CSFV C ¥R R 1 TURiE s PK-15 4l 24 h 5, #8h FMDV 12 h, F|Jf] Western Blot ¥ FMDV & filZs4k; B, C: %

A[EG & C 8 A BRI TR Y PK-15 41l 24 h (0.5 ug. 1 pg.

2 ug/fL)J5 , #EFh FMDV 12 h, 43517 RT-gPCR & Western Blot

il FMDV & il K ¥7481k; D: p3XFlag-CMV-7.1 25 40f C R 54 5 96 FLANMEES AR, 0.2 pg/fL, $%FP FMDV 72 h, 0

T REAS I

Note: A: The plasmids expressing various viral proteins of CSFV C strain were transfected into PK-15 cells for 24 h, the cells were then
infected with FMDV for 12 h, and FMDV VPO protein was detected by Western Blot; B, C: C protein was transfected into PK-15 cells for
24 h (0.5 pug, 1 pg, 2 pg/well), and then, FMDV was infected into PK-15 cells for 12 h, FMDV mRNA was detected by RT-gPCR. FMDV
VPO, Flag-C were detected by Western Blot; D: The p3XFlag-CMV-7.1 empty vector and C protein were transfected into 96-well cell culture
plate, 0.2 ug/hole, FMDV was then infected into it for 72 h, were detected by tissue culture infective dose
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