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Characteristics of a strain of foot-and-mouth disease virus
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Abstract: [Objective] To isolate and identify a strain of foot-and-mouth disease virus (FMDV)
from bovine oropharyngeal fluid (OPF) and subsequently analyze the amino acid mutations in
antigenic proteins and the proliferative properties of the isolated virus. [Methods] RT-PCR and
sequencing were performed to identify the FMDV-positive OPF samples. The FMDV strain was
isolated from bovine OPF samples by cell inoculation and identified by indirect immunofluorescence
assay. The whole genome sequence of the strain was obtained by fragment amplification and
sequencing. The amino acid sequences were compared to reveal the amino acid mutations in the
antigenic proteins of the strain. The proliferative properties of the isolated FMDV strain were
analyzed by the plaque forming assay and one-step growth curve. [Results] A FMDV strain
O/FMDV/OP/2022/B was successfully isolated from bovine OPF, belonging to serotype O and
Ind-2001 lineage. Amino acid mutations were identified in the antigenic proteins VP1, VP2, and
VP3 of O/FMDV/OP/2022/B. In addition, the plaque of O/FMDV/OP/2022/B in BHK-21 cells was
smaller than that of the vaccine strain O/FMDV/HN/93. The one-step growth curves showed that
O/FMDV/OP/2022/B had significantly lower replication titer than O/FMDV/HN/93 in BHK-21
cells. [Conclusion] A strain of FMDV was isolated from bovine OPF, and it displayed amino acid
mutations in antigenic proteins and had lower proliferative capacity than the vaccine strain O/FMDV/
HN/93. This study contributes to a better understanding of the mechanism of persistent FMDV
infection in the bovine oropharynx and provides a reference for the prevention and control of FMD.
Keywords: foot-and-mouth disease virus; persistent infection, amino acid mutation; viral
proliferation

[l 9% (foot-and-mouth disease, FMD)YEN—  FLAN B /)N, Bl J5 B9 AF 98 E 32X R AL Y R 7
Pl A% Je VEAR 9 ) B K S e, SRR | 1 59289 B(foot-and-mouth disease virus, FMDV),
AFIESE B Y, Hpeal a3 FMDV J& T/ RNA J% # £l (Picornaviridae), [
1 546 4, Frosch 55 & #L 5| FMD )55 R4 it oW 55 J& (Aphthovirus), FER 20 42K 8 500 nt Z&
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i, St py g5 & H oy VPL, VP2, VP3 Al
VP4, ZtgpydEgsE o L. 2A, 2B, 2C,
3A. 3B, 3C 13D, FMDV 4 7 #ifiL35 %,
P Il 3R 80 S A3 o Z R FN BRI 3 R L AR OR
FE FEFAT O BIAT A B FMDV, Hof A Y
FMDV [yl #k /b, HHEATH FMDV £
O, O % FMDV WiATREFEE 2%, TATIUIE
%t 5 O/CATHAY . O/Mya-98, O/Ind-2001 Fl1
O/PanAsia, X Zi 2 FMDV AY3L AT 0]
TIREEAE S, [ EEg L T e ki R

P R E FMD B4 TAEN,

TE QARG FMDV 32 2 38 1ok PP 108 3 Je%
YTy Sy, /b R R G s B R B A2 LA
51 % FMDP, A=l A b e d 45 b il o 25 AL %
WY FMDV #93h%), X% 10 TCIDs, B AT
B FMDVE4 P, FMD JidT it 2R ishedk i
B, AIYEMEENS A “f8 /R~ 48" . FMDV )5k
Pk R R S IR G TR 22 57 T 2 1 G5 R R R
M b Rz 4. 7RIS 1Y) 24-48 h, FMDV M
YR HEA ML, Bl 5P 8R4 B AR 40
AP AT S, [ HLAAR B & 3BT, mTe
ZLE| I 1) FMD I RAEAR S8 sh ) 9 43
Y. HEMY K SRRl RN S FMDV 7R
H—E WA 478 2 G FMDV & 5 ok
SEATE RN TR, KB FMDV #5473 ok
FMDV Hp2E B ge 2, 78 11 NS ) A 4 43 A I
K- FMDV, T JCARAT I PRAE IR o 1959 41,
Van Bekkum 25U HY FMDV {57 42 14 Jak 4 %) 6%
&, B FMDV 28 d 51758k BERS AE JC I R AE
R B0 ETIH Y (oropharyngeal fluid, OPF)H A
F| FMDV WIfiAE . &5 LT, “FAY OPF i 1
TE 2R FMDV J580# A JE R FMDV
FREL IR F B, A S FMDV., MG
FEAR S B OPF i3 Bt FMDV BRRIME, 2
i1 [ P 26 T Ff FMDV 43 88 R PRI 5% A 4
JEFETEL

T BB R FMD 2511, FMDV 7F OPF
HRRFSEATAE I S 32 50% ™), X R RE 1
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BPEANTEIGBR OPF 2L A 7E/) FMDV, W5
W, AEMKA-BEREH: OPF Fp J 1094 433 il it
7% 1Y) FMDV 1% 3 25 [6] & 09 28 F SR BE % o %
FMDV #4578 #1%) OPF 13 5t 8 4= Fsgh, fig
54 R Y FMDVY, B OPF HHF4247
TE) FMDV HA R, o] IR —Fp g &
FMD AT AL YL i . OPF " RFSL 47 4E 1Y
FMDV AL 25 fi FMD 16 FRE b B 4435 KU
T ELix B4 4 345 FMDV 19 2h 9 ] g 1%k v ]
15 3, AR SRR Z BAERE . 1o,
LTI 57 35 22 A7 A6 1Y FMDV [ I 15 3£ 9005 R 48
RS, HILHNA S &4 R, lkE
iR i ¢ 628 AR A SR, K FMD 19
B Ml BEUOL, ST ST K BR, OPF HRFSefidfe
i) FMDV 52 e FMDV v LG AR B4, X
A REH A AT FMDV AL, [Hitk, OPF
FRERAFAE ) FMDV A RERLA AR A 0 B 4%
YeUi, J& FMD MELAIRIH K BRI . 5% OPF
HRFSEEAE Y FMDV X T FMD {1 B £ Al B
HAEENISE o AR5 H R B TT
JEARAE OPF #E 5 4 B il —#k FMDV, I T
ZEHRIEIEEATH], T PR R A A
MR AE S, WF9E T HIGEE AR LA DA 25 A
FEWAMTTE FMDV FR22 8% A= 1 IH 2 2L LR
AL RIS

1 AR

1.1 ##
1.1.1  fREFMLEA

FMDV O/FMDV/HN/93 i v [ £ b Bl 24 B
22 P EE ST T E R 1 B S L E AR .
W K FMDV 195 8 13V E X 78 h B RO B 2# B
22 B SE T P3 AW B A LI E AT
BHK-21 21t 1 v FE AMb B4 B 24 N5 BT T
17 IR IR S e A= W A BARAT
1.1.2 EERF

MEM Ki 33k | 2xMEM #5353 | 4 L7
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(fetal bovine serum, FBS). 0.25% EDTA )[4
WA B Gibeo A H] 5 BERR £ 2% tP I (phosphate
buffered saline, PBS) Iy H 1 %& 4= W) #F £ A R 2
7 ; DNA marker W H % H EAYHEARALT)A
FRZy H] 3 RNA Extraction Kit Il | Omega /23 Fl ;
FITC #Ric i I EHT R A1 HRP Fric iy 1L =E4T
Yo/ B B0 B UG R AR MR R A R
ECL B (R [ b 528 2 KAL) AR 7y
AR A $i FMDV 3A 5 F BRE R 5 T iR
(3A24) AR A BA il 5 A A7 2P
1.2 S|t RERK

M GenBank it il ) FMDV % [ 20 4
£ ¥ %1 (GenBank % 5% 5 & MN095354.1,
KJ825809.1.  MNO095364.1.  OMS562600.1 .
OK318520.1,  KY444646.1,  MT944983.1,
KJ825803.1), W il¥ #§ FMDV 4L H 4 3515
P VP LS 1), hALsTERVEYIRHL
JReARn A BR A F A
1.3 FMDV PRH OPF HU¥E

2022 AR E K H e S 2% S0 & AF 180 Wl
H N TE FMD I AR 1) 4 R A2 2 6 14

=1 S|t

OPF. ¥4~ OPF F£ i 7E 12 000 r/min HIZ514F N &
0 10 min, ISR RIHH EP 40, FIH
RNA Extraction Kit #HUEE i ARG RNA, DU
HURY B RNA St , i# ik RT-PCR §1 FMDV
VP1 JE[A . R LK IE A AY PCR F=43% 4L
SRR YR B A BR A B SR AT R A E
TR ERIT O M. A RIAI Asial i FMDV,
M GenBank T #& 3 Fh 175 FMDV (1) VP1 3£
FEgI, 5 5E 751 i MEGA 11 k4617 1
XForHT, S AT SE R & 75 FMDV VP 3
DI & TR & .
1.4 OPF ff FMDV 95

i 0.22 um JEAFLLUE FMDV FHE: OPF, 5
1/4 PR TR = 58 = 9 £ i (trichlorotrifluoroethane,
TTE)RA, #R%¥2))5 3 000 r/min B5.0> 10 min,
WIS W R 22 AR RO R 419 BHK-21 20,
B R WL %% BHK-21 41l Jfd %% 7% (cytopathic
effect, CPE)E#L. # 41 HIAR R | AR K H 25
FEAT A AR, A A AR o CBUR AR
£ BHK-21 40 i b i 224448, H 2 CPE B [H] 12
FE, PR SIY A T80 °CrkAH £ H -

Table 1 Design of primer

Primers name Primer sequences (5'—3)

VP31(+) TAGTGCTGGYAARGACTTTG
NK61(-) GACATGTCCTCCTGCATCTG

S1(+) TTGAAAGGGGGCGCTAGGGT

S1(-) GGGGGGGGGGGGGGGTGAAAGGCGGGCTTCG
S2(+) CGCCTTTCACCCCCCceececcecececce
S2(-) GAGTTCTGGTACTGCTGCATGT

P1(+) ACCTCCAACGGGTGGTACGCGAT
Pl(-) AGCATGATGGCCACAAGGACTGGGT
P2(+) CTGCCTACCTCTTTCAACTACGGTGC
P2(-) TCAAAGTTTTCCTTCAGGCGCTT
P3-6764(+) GCCACCACCAACCTGTACTCGGG
P3-6764(-) GGTGCAAGCTTGGTTTTGCGCAT

6455-8200(+)
6455-8200(-)
VPI(+)
VPI(-)

TGTAGTGTGCATGGACGGAG
GACGCGGCCGCCATATGTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTT
ACCACCTCCGCAGGTGAGTCCGCT

GTGGCACCTGTCAAACAGTTGCTG
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1.5 55 FMDV HIEE

) FH 1] 42 0 9% ¢ Y6 R 56 (immunofluorescence
assay, IFA) % & B ) BHK-21 40 a5 28 R i A2
o FMDV, #4E KRG R 457 BHK-21 41 jig
BT 6 LA, YA R IR R 80% AL AT AT,
A 110 RN EER . # 6 FLARE T 37 °C4fl
WS, WE oh R A Eiw, W
PBS E¥E 3 K, JNA 4% ZRHEE, =EEE
15 min. F+EEEWG, A VK 7 H BERA T,
W% 10 min, 5 PBS ¥k 3 K. A BRI
3A24 ST REPLIAR(1:200 FiBF), 37 °CHEE 1 h,
FH PBS ¥k 3 YK, MILA FITC Fric AL 23T/ B
IgG —Hr(1:200 Fi B), 37 °CW#H 1 h, H PBS
VR 3 W, 7RSO AU T MRSk a0
LI
1.6 %= FMDV & EFHF5IME
iR ERREABRFFIEXT

$i2 I RNA Extraction Kit $524E 15d B 45 $2 Bt
5 7T AR S B B RNA L BT %319 6 X551
Yy, KH RT-PCR Jy %4 By 38 48 OPF 73 &5
FMDV 4 5:F4H ., ¥ PCR P2k Z b st Rt
PR A BR A FIY . A NCBI AR IT:
T#k Ind-2001 1% % FMDV W& 58255, Hxt
43 M1 O/FMDV/OP/2022/B 1t I 45 42 HE iR 7% 57
T
1.7 55 FMDV HIMBERE 47

DL B 75 bk O/FMDV/HN/93 hy FH 1 %) AR
L PR EEIE BGRES AT 53 B FMDV 1Bt AY
B KR B AE R BHK-21 40 il 420 2 6 Lk
o, RIS, A ITE MEM 85 3% 3 DL
10 175 B 3 % 22 #% B¢ O/FMDV/HN/93 F1 43 ()
FMDV. [1] 6 FLAR A BEFLH 4350 A 200 pL A
[F#5 B2 ) FMDV, 8 37 CCAM M5 3546 iy
B 1he A 2 mL # ERIEAREXMEM:1.2%
W =1:1, 1% FBS, 1% HH# 5 %), A
37 CCYN B 1% 7248 h 15 5% 48 he FFLRE WS,
A 2 mL #0119 [ W (50% PN, 50% H

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

i), BF-20 °C[EE 1 ho FEFEER, AL
MR, RO, KPS WS
BERMY, GiitphBEgcE, I 2 #k FMDV 11
B B v (plaque forming unit, PFU).,
1.8 #E FMDV M— 4 Kz E

D) ¥ ¥ 75 bk O/FMDV/HN/93 g BH % %} B&
TP K 4 i 42 FMDV 1 il g
¥ BHK-21 20 Ah 2 12 Ui rb, 40
J&, LA 1 MOI (multiplicity of infection) 9 5] & 43
W4 Rh O/FMDV/HN/93 143 &S 1) FMDV., & T
37 CCHIMuIEFAE T, S HIfE 4. 8, 12 F120h
WCHCRE i, 2 BE 5L ) PRU, 2306 2 ¥k FMDV
) —A R 2

2 BRS04

2.1 #7 FMDV B OPF R4

] H RT-PCR %l 6 /3 24F OPF &5 g
P38 FMDV VP K . 1% BhtfEBHEE L HL Tk
G R, 6 1 PCR =Y U 1 AMETHUN AL
BB E AT (B D)o K TR0 8 e IS %
Z b R E YR B A R w4 TR 51
FE, AR TS5 N GenBank F#Ef) O . A

bp

2 000

1000
750
500

250
100

E1 RT-PCRY 4 OPFHEFVPIERE., kil
M: DL2000 DNA marker; JkiH1-6: 6{4-J{OPF
FEa VPR B (639 bp).-

Figure 1 RT-PCR amplification of VP1 gene in
bovine OPF samples. Lane M: DL2000 DNA marker;
Lanes 1-6: VP1 gene fragment of six bovine OPF
samples (639 bp).
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HIAN Asial 0 FMDV VP1 741 e Xt . MEGA 11
B XTS5 S 7R, PCR §784 724 FMDV VP1
HH, HJET O A Ind-2001 iE &R (K 2), k4
LKA 1 4y FMDV BHYE R 4 OPF, %
OPF A 1] 741 % FMDV,
2.2 HHREIEM OPF 43S FMDV
FI I BHK-21 41 g A B ¥E OPF o 43 &
FMDV. # PCR 558}y [ R4+ OPF £ 4b B
JE TR A RORI KA BHK-21 4], #4EH
£ 3 4%, W% E BHK-21 40 M 30 B 2 A
FMDV YL 5| #L /Y CPE, BI4HMEZs K. 28R,

S I A IR (B 3). 43 FMDV & 255
6 fXIF, 584> CPE WFIFEE N 12 h 247, K
Wil A28 7 IR EERE S, AT -80 °CUKFR A5 H -

23 OB ERSHEIERR RN

1 ==

E
I 8] 32 P 9 i B0 2 5 7 1R AR b o
WA 7 FCRE RN 2 BHK-21 4001, 6 h J5#E4T
() 422 S e e ik, A Y —H0 A e S Ui
FMDV 3A & (119 B S v PR Uik 3A24, 45
R, RS 7 CFE B BHK-21 405 3A24
PATERENUAR R L 2 EPL R FITC —Hi/EH)E, 3

100 O/TA1/4/99 (AJ303536.1)
6 E|72 E O/TA1/4/99 (DQ164976.1)
O/MYA/5/99 (DQ164926.1)
94 0O/MAY/3/2001 (DQ164920.1)
O/MYA/2/2000 (DQ164927.1)
100 456; O/MYA/1/98 (AJ303521.1) Mya-98
99 O/MYA/7/98 (DQ164925.1)
O/LAO/7/2003 (EU667448.1)
100 O/MAY/6/2001 (DQ164922.1)
99 78 O/LAO/4/2001 (DQ164907.1)
100 O/XJHM/CHA/2018 (MHS807443.1)
J‘E O/SXXZH/CHA/2018 (MH791317.1 ) PanAsia | O-type FMDV
O/LY/2000 (EU139260.1)
99 O/XJBC/CHA/2017 (KY696708)
88 100 O/XIPS/CHA/2017 (KY696707)
FMDV/OP/2022/B*
93 O/UAE/4/2008 (KM921876) Ind-2001
E O/KUW/3/97 (DQ16490)
98 O/OMN/7/2001 (DQ164941)
O/HKN/21/70 (AJ294911.1)
5% O/HKN/6/83 (AJ294919.1)
= O/PHI/7/96 (AJ294926.1) CATHAY
& O/GZSD/CHA/2018 (MG840803.1)
100 O/SCGH/CHA/2016 (KX161429.1)
97 NIAB/PUN/PAK/156/2016 (MF115991.1)
100 100 NIAB/PUN/PAK/203/2017 (MF115990.1)
PAK/8/2008 (KY091304.1) -
| BAN/DH/Sa-319/2018 (MH4S7187.1) Asial-type FMDV
100 BAN/DH/Sa-318/2018 (MH457186.1)
100 99 XJ/KT/58 (AJ131665.1)
L NM/xz/64 (AJ131664.1)
80/ Fey/Qaliubia/2011 (KC§88939.1)
100 Egy/Menoufia/2010 (KC888938.1) Atvoe EMDV
99 — Rafah/Gaza/164294/2013 (KC924746.1) -type
g5l Alexandria/EGY/2018 (MT199285.1)
0.050 91 El-Sharqia/EGY/2018 (MT199284.1)

E2 FMDV VP1EFEEESH7. i Fneighbor-joiningi s it st L AL ; $5-5 1 B /R 1) A~ GenBank /53]
Ty R BB AGERE R AR RGBS

Figure 2 Cluster analysis of FMDV VP1 genes. Evolutionary trees were constructed using the neighbor-joining

method. GenBank sequence numbers were shown in parentheses. Numbers at the branching points represented

confidence levels. Scale represented the degree of genetic variability.
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El3 4 EFMDV £ BHK-214pf_F #99% 25 (25%).
A: JWZIBHK-21410E; B: 1EH AYBHK-2140/.
Figure 3 CPE of isolated FMDV in BHK-21 cells
(25%). A: Cytopathic BHK-21 cells; B: Normal BHK-
21 cells.

B L (50, M IR osr (oK 4),

FRHH A1) OPF W T4 2% FMDV, K Hoaw
4%k O/FMDV/OP/2022/B.

ko 2Q0sum , .4

S

200 um

El4 SEFMDVHAIEIERERERALLE. A: i
R YBHK 2140015 B: 1E# FYBHK-2 1411

Figure 4 Identification of isolated FMDV by IFA.
A Virus-infected BHK-21 cells; B: Normal BHK-21

cells.

>4 actamicro@im.ac.cn, 7 010-64807516

24 [OMW;®& 4% = FMDV O/FMDV/OP/
2022/B B EEHFFINE

PLERS 7 ARRE S PR S RNA R,
RT-PCR 43 Bt # £ 22 VY FMDV O/FMDV/
OP/2022/B &=L H 474, &l 5 frs, {HH
WY 6 XS IPIEE 1), IEE 6 S5
MR BER/IN2 666, 1808, 1724, 393, 1439
F1 1745 bp)MAFEY H B9 FBL. ¥ 6 1~ PCR =4
% AL R A W R 0y A B F I 5 PE
e A FE A, O/FMDV/OP/2022/B (5
24K N 8 161 bp [ALHE poly(C)Fl poly(A) ¥
11, 5 AEgAGIX K 1076 bp, Tk i 3L HE K
6996 bp, 3'IEZmMALIX K 89 bp. M NCBI iz /%
HF 2k 33 Bk Ind-2001 3% & FMDV 40 )5 8 H
RAKEMFES, 5 O/EMDV/OP/2022/B HYHH I
HF 54T X}, & B O/FMDV/OP/2022/B 1£
VP1. VP2 #1 VP3 &R B ¥k T 2 MR 5% 5
KA, HZHRANT VP (3R 2).

bp M 1 2 3 4 5 6

<2 666 bp
2 000
< 1 500 bp
1 000
750
500 < 400 bp
250

100

5 RT-PCRY # O/FMDV/OP/2022/B 5 ¥k # &
EFEAFF. 7kiEM: DL2000 DNA marker; kif
1: P1HBL(2 666 bp); Vki&2: P2J7Et(1 808 bp);
UKiE3: P3FB(1 724 bp); VkiE4: S1HEX(393 bp);
VKIES: S2HBi(1439bp); ¥kil6: 6455-8 2001 Bk
(1745 bp).

Figure 5 RT-PCR amplification of the whole genome
of O/FMDV/OP/2022/B. Lane M: DL2000 DNA
marker; Lane 1: P1 fragment (2 666 bp); Lane 2: P2
fragment (1 808 bp); Lane 3: P3 fragment (1 724 bp);
Lane 4: S1 fragment (393 bp); Lane 5: S2 fragment
(1439 bp); Lane 6: 6 455-8 200 fragment (1 745 bp).
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%2 O/FMDV/OP/2022/Bii[f EH R BT N4

Table 2 Analysis of amino acid mutations in major antigen proteins of O/FMDV/OP/2022/B

Antigen protein  Amino acid mutation site

VP2 L137Q NI9IT
VP3 Q76R T99A E131K Al174V
VP1 T4A T13A A96T D99E VI150M P158A R172Q E198K

25 OWW®%S 5= FMDV O/FMDV/OP/
2022/B HITHBEREY

S B BGARHNE OPF 43258k O/FMDV/
OP/2022/B FI¥E T #EMk O/FMDV/HN/93 HyiBE
A, R EIR(E6), 2 MEEHRIYTT LIFE BHK-21
Ui B b IE s R /NIR A B BE, {H O/FMDV/OP/
2022/B LI/NBER T, ~FIBhEE E 22078 0.05 cm,
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