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Abstract ; In this study, feline infectious peritonitis virus ( FIPV) was isolated from feces and ascites samples
of cats with clinically suspected infectious peritonitis collected in Beijing. A total of 10 samples were collected
for RT — PCR detection, and MDCK cells were inoculated for virus isolation and identification. The results
showed that the RT - PCR results of 10 samples were FIPV positive. After inoculating the samples with
MDCK cells and continuous subculture, a FIPV strain was successfully isolated. It was identified as FCoV — I
serotype and named FIPV/BJO1 strain; the strain could proliferate on MDCK cells and produce typical
cytopathy. The virus content was 10°° ( TCID,,) /0. 1mL; the nucleotide homology of S and N genes with
other strains was 63.3% ~99.4% and 45.5% ~99.2% respectively. They both had high homology with
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American strains and low homology with Chinese strains.

Key words: feline infectious peritonitis virus; isolation and identification; S gene; N gene; genetic variation

A A% Gl M I RE 8 2 ol 0 A% e R T TBE % 9 g
(Feline infectious peritonitis virus, FIPV) 5|2 ()4
(g —Fh & B Ve BTSRRI PR L DASE 4 A
PR 2 P B 4% B 1 O ) SR R e
PR 2 i P 9 2 oAy S EEARRAE AR R I R R B AN )
Ao AR TR DL SR A = R AL FIPY
(R TN i R ARG, AR A it 5% , @i (6 H
W% ~2 %) GG FIPVE Y Bl e pa SR W R &
B RIAE FA% 22 SR AR S S R A T 2 ) IRk
Ye FIPV) ) BE/NGE 2 % BT 2017 - 2018 4R
(R A e P RS2 B P 191 6 A 7 G 10, Sl
Tl ARG 1036 191, H rh s A% Gl 14 I 48 I P i
Bk 61 5, ZBHVER LN 5.9% , Guan %7
X PR VLA Wy R T T 2 B2 T8 W) A AV IR A 64T T
PIAE Y FIPV Bt 2= viAh #2017 427 H
2019 4F 7 H RHEMI1523 G35 L FEA P47 52
RT - PCR i, JL A6 tH 189 14y FIPV FH % i #,
FIPV JRYLRLH 12% |,

FIPV J& T2 2% 2 H (Nidovirales ) , TR 2R
(Coronaviridae ) , o Jef K 9 B J& ( Alphacoronavirus ) .
FIPV 5% 738 7R B ( Feline enteric coronavirus,
FECV) J2 4 5t 5% ( Feline coronavirus, FCoV ) [
PIRIEY A, FIPV BRI 44K 249 30 kb, (146 11
ANFF R R HE | i 4 PP EEES M A, BV R
H S BEEN E ABREN M MZAKZEN N; i
7 FEAES R A, RV I 1 (1a F1 1b) UK
B M (3a.3b . 3¢.7a #1 7b) . 7E FCoV &K
PLEEH S U BA R i B A S R R iR
FIRS IR FCoV ARG T AEE 1, DL K M T8 5 95 5]
TAL Y I R 9 (5575100 S B 2 FIPV 38U
HEAE R AP E R E B ST X IRIR
FIEEE G e FAML E 2 A, S2 KBS 5 9 1 F
5 BRSO AR S AR TR T A A
PR A2 5 B FCoV 2 BRI 7 Y, FCoV — T
RUFI FCoV — T A4> 10 PRI A A S JE R 3 G

B, N G s AT H N B NTD
1 CTD PIANEE A IR A, 33X P A~ S5 A 32 N &
LEA TR RNA FTas s i ™ o N S KM XA 5T
8 R R0 R (B iE L o [N Ny ) S
A 3l DX PR S8 B A6 A A2 e P RS A% 14 B
o 3 3 B A4S — Bk FIPV, 92 K I 5 43 #7 i% 75
BRI S BE AN N 3K B DL 4R % M X H AT
FIPV (748 5 AT 47 a8, O FIPV (1455 1 B o A
Wy VR N A i — D I g 2 A

1 MM5EF=*

1.1 #@MREZERF  MDCK 40y rp [ 2 24
it WE BT ORAT 5 G A LT W) B W VLR AT A PR
WA PR 2w s DMEM 40 i 5 52 W A Gibeo 28 7
FIPV B30 B4 1A (FIPV3 - 70) Il [ 38 2k K AR B
B D) A R A5 2 G 4530 35 WE ( TritonX -
100)  4HAEAZ YRt DAPT IS - Solarbio 23 ] ;
FITC #RiEMIEPLER [eGC —PUIA H GenStar 23 Al 5 i
AL ZH DNA/RNA £ Bl & B R AR A AL Bt
B (Aemt) ABRA R, Sk s R E R A 5 H
YA (Jes) HIRAH

1.2 FENIEZFEGERE REFELBMNEY
P FEE A 08 0 iF 25058 Bl K, T F0¥2 1) MEM. K
FIEFR RIS 7843735 ,12000 r/min B0 3 min UL
H,200. 22 pmPE 8 5 4270 T 52 (1) MDCK 21
L, 575 5 I A B A B o B BERR 12 h WER AN i
REIFFIL S, 2 80% 1) 4 & A= 9 A% i) T
~80 C VK46 VR filt = ¥ J&5 , 6000 1/min 4 °C B 0>
10 min, WOAR % B W EE . bV B U BE X
fi , 947 RT - PCR %5E

1.3 E#EAERAERE  BUREEREMT 48 1L
P b FUZ 9 MDCK 40, A 2 h, I35 R 40 i
Xof BE TR A A IR AR 3 A O 9 B IR S AR
PBS k%% 3 U LI 100 wL ¥4 i 80% 75 il
YRR, 2 IR IE E 15 min, PBS PR 3 W H 100 pL
0. 5% I TritonX — 100 i i% 10 min, PBS ¥ ¥ 3
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W AEFLIMA 100 wL 5% BEBEFL T 37 C A N
HH2 h, W5 B AW, PBST ¥ 3 K A
100 wL 1:200 % B M FIPV 5 50 B $i K
(FIPV3 -70),37 CW & 2 h,PBST k% 3 K;
JIA 100 pL 1:500 i B 1Y FITC Fric 9 Pt B
IeGC — P, #EEHEH 1 h, PBST 3% 3 &, fin A
100 wL DAPI %4 4% 3 min, PBST %% 3 i, T 8] &
P IUBE FMER SR,

1.4 J/mHFMENME MDCK 4IiEi kiS5, %t
AT IR, TR AL 1 x 10°/mL AR
JEIAE] 96 £L 4 i 15 74k, 100 wL/ AL, B T
37 C 5% CO, ¥EFRAh s, A sl it iR )2 /s

R TR IR 10 M5 AT LU B 2 10 AR BRI
B8 fLEE , LIARRYL ) MDCK 40 g fF %t B 4,
HELEEE 5 d, i s B R Y 2 LA, R
Reed — Muench FGiki TR0 10 &

1.5 RT-PCR %% R4 RNA $2HGL5H] & 16
PIREUK R RNA, JFHEAT S N JEB 7 51 i 9 3
M4 GenBank | % Ff) FIPV fIER 751 %11 N 3
DR AR S 5 | 0 AR I 525 Sk & i S FE
19y, fAE T AR TR () e A7 BRA B A A
PCR =W A= TA 9 TR () e A3 BR 28 w1
J¥o SN ERNGIWFHIERILE L,

®1 SIMFIER

Tab 1 The information of primer sequences

EIE7E2N FIFH5 -3 B B/ bp BB/ C
N 5’ — ATGGCCACACAGGGACAAC -3’ 1073 s
5’ = TTAGTTCGTAACCTCATCAATCATCTCAACC - 3°
_CAC < STGTCTCARAC —3°
S 5’ — CACTYAATGCHTWTGTGTCTCARAC 205 s

5’ = GCCACACATACCANGGCCATTTTAC -3’

1.6 SN HEEFMLHASH SHENI FCoV
BEMRI LA T 91, >R 28 E212: (Neighbor - Joining
method ) ] MEGA7. 0 3444 56 T-#6 4 S FE A
FPHIRSERENY N LR P30 1 3 A% AL A, I 2t S
SEPR s 1 AR A7 A 4 2R R 0 9 7R A S
FIHH Megalign #ff S (N JE AP 20 47 4% 1 2 [R] 5
PEIHT .

2 BERS5HH

2.1 mHEA®E  KNEE.O SR T MDCK 4
Ji, I R A M AORE IR 3 d i e A
San xRN M TC B AR A (B 1) . OB
B LIRS FREUR RNA G5 R oDNA LRI 1.5
WS I HE T PCR R DU, 7R i 40 i W FIPV
FHE

2.2 mEEEREKOLEE A FIPV HogpE
LU (FIPV3 - 70) X 43 B 14 35 bk 3517 18] 42 fo 93

PN B, 75 3] B 20 WA T AT UL 4 Aok
A MDCK 4l LA o S PSR (0 0, X BRI AR TE 2¢
JECE 2), Ta] 42 4 0 5 6 I 50 45 2R i — 20 UF B
TN FIPV, f£ 255 5 AR, I 52 9 75 7 B
10°°TCID,,/0. 1mL,

2.3 JA# RT-PCR &M FIMH 1.5 Hag5 P xt
B FIPV #E47 S N LK ) PCR ¥4, 8 i
1% Byt g Ml E IC HL Uk, 45 R BOR, 3 B B
RT - PCR WK/ 5 705 bp (1073 bp, 51
WM (E3 K 4), ¥ PCR =YX EATAEY
TR ) B0 A BR A R Y 45 R &
BLAST X 5 | 1% Bk 4 FIPV K53 7 B bk A
# 4 FIPV/BJO1

2.4 S N XAk th3t o tr

2.4.1 SHARBAARMLSH AR FCoV S HH
A WAL AR AT AE SR R 413 kk FIPV/BJO1
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A: FIPV S MDCK 40fZ; B: MDCK 4fi X B
A MDCK cells infected with FIPV; B: Normal MDCK cells
B1 % EEHE MDCK HAiH) CPE(40 x )
Fig1 CPE of MDCK cells infected with isolates virus (40 x )

Anti-FIPV DAPI Merge

FIPV/BJO1

Control

Anti - FIPV . FIPV J 55 SR (FIPV3 - 70) ; DAPL 41 ffid% 44 2
Anti FIPV; FIPV monoclonal antibody ( FIPV3 -=70) ; DAPI: nuclear staining
2 S ESHREEERRT KRN

Fig 2 Indirect immunofluorescence assay of isolates virus

J&T FIPV ALY (I8 5) o B H IR [RIIRE 53 e 46 FCoV S Jik DA IfiL 1% 284 352 1% R AL Ad 4 SR R B, 40
KW, FIPV/BIO1 3Bt 54 25 B HIRIAIIR Bk FIPV/BJO1 J& T FCoV - I (181 6) , 5 A
P4 63.3% ~99.4% SEFRNZAT TR FIEYE R 63.3% ~99.4% |,
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1 000 bp

700 bp 705 bp

500 bp

400 bp

200 bp

100 bp

M: DNA 3 FBbnde; 1. FIPV/BJO1 S 3L, — . Bk
M: DL -1 000 Marker; 1; S gene of FIPV/BJO1; — : control
3 FIPV S EE PCR J %R
Fig 3 RT -PCR results of FIPV S gene

2.4.2 HEZEHd Mo HEFNEEDY
iﬁ%i&ﬁcm,n R, FIPV/BJO1 43 85 4k 5 26 [
Iy SRR (KC461237. 1, KC461236. 1 KC461235. 1,

AY994055. 1) ¢ Zx & R B, 5 1 E 7 5
( MK840958 . KYS66208. 1 . KY566207. 1 . KY566210. 1 .
KY587337.1.DQ160294. 1 [ KY566206. 1) 3 % % &

A (K 7) . FIPV/BJO1 Bk HA 43 B8 kA2 R[]
PR 45.5% ~99.2% .,
3 it it

T A e R RES 98 o A LA {EL s - B0 1R 3
TR, HA S BIAAT , ™ E G T A R, X T2 )
At i BB BRI i 1 eV IR R H AT i
TA BT R IT . FIPV & S SO 1% Je
HEIE 5 S A I, 58 02 3 AR s S e 7 L B
SR T T AN AR AR T 2 O AT A PR 32 32
FIA S FCoV TR T RS B 35 i, L EE AR
x| A R A AL il g, W A 2 e
B AG Ge Ve I o A W 9T e BRI 1 e P I
TR R RN N e S i b R

2 000 bp
1073 bp
1 000 bp

750 bp

400 bp

300 bp

100 bp

M:DNA /3T BiEARdE; 1:FIPV/BJO1 N 3£ ; — . FAMEX] I
M: DL -2 000 Marker; 1; N gene of FIPV/BJO1; —: control
E 4 FIPV N E[FE PCR #1841
Fig4 RT -PCR results of FIPV N gene

FCoV fHZECRALE v A IEHE, A% & NN FIPV
JEH FECV NHRZEARTT A | (H 31X — 336t 1 31 Ho A
SEHM L

HHE AT FIPV A #0850 A B 58 12 43
B9 3 — Pk FIPV/BJO1 4> B #k, J& T FCoV — I Ifil
AL W2 R B 107 TCID, /0. ImL, A
EEXFAXBS Y FIPV (3043 S LB FISEHE Y N JE DT
G HEAT 151 1Ak A3 BT RAZ T R (R IR A 43T, 25 SR 3
W] FIPV/BJO1 43 B30k 5 36 [ 73 B bR R 4 0 R,
75 T [ 53 B MR R 0 R L, U B 200 19 ] e 2
11 1 A0 3 kA A SR G, B 5T E B A JEk g
FCoV - 1 & fix by 3, 7% WK 28 [ K i A7 2 ] ik
80% ~95% , 1 FCoV — Tl [y /B GL ENAR /D W, {H7E .
WA FCoV — TN RILH) 259% 1, A5
B FCoV — T J2& 1 FCoV — I FIR MR 25 1 417
e M %5 B L 40 i HR 8 B O S B e AR
AW b 43 B B0 0 T R R JE S T A G B 5 2
SE TR



2 AR R 2022 AR 2 AR 56 55 2 ) Chinese Journal of Veterinary Drug

64 ®BJ01 .seq
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Yo

100
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FJ917522.1.seq
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MW030108.1.seq

75 KY566211.1.seq
100 1 KY566209.1.seq
o (RERA g s bk

5 FCoV S ERE &R BHEH UK
Fig 5 Phylogenetic tree of FCoV S gene by biotype
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Fig 6 Phylogenetic tree of FCoV S gene by serotype
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Fig 7 Phylogenetic tree of FCoV N gene



.8 -

rh 2 2Rk 2022 4F 2 H 4B 56 B 2 1

Chinese Journal of Veterinary Drug

SR

(1]

[10]

[11]

Bankwolf B R, Stallkamp I, Wiese S, et al. Mutations of 3¢
and spike protein genes correlate with the occurrence of feline
infectious peritonitis [ J]. Vet Microbiol, 2014, 173 (3/4) .
177 - 188.

Tsai H Y, Chueh L L, Lin C N, et al. Clinicopathological
findings and disease staging of feline infectious peritonitis: 51
cases from 2003 to 2009 in Taiwan [ J]. J Feline Med Surg,
2011, 13(2): 74 -80.

Drechsler Y, Alcaraz A, Bossong F J, et al. Feline coronavirus
in multicat environments [ J]. Vet Clin North Am Small Anim
Pract, 2011, 41(6): 1133 —1169.

Rohrbach B W, Legendre A M, Baldwin C A, et al. Epidemiology
of feline infectious peritonitis among cats examined at veterinary
medical teaching hospitals [ J]. J Am Vet Med Assoc, 2001, 218
(7): 1111 - 1115.

Pesteanu — Somogyi L D, Radzai C, Pressler B M. Prevalence of
feline infectious peritonitis in specific cat breeds [ J]. J Feline
Med Surg, 2006, 8(1); 1 -5.

RN, BT e Qe MRS o 19 20 BT B e ) 201 5
FE[D]. Al R, 2019.

Tang X J. Case analysis and virus isolation and identification
of feline infectious peritonitis in Wuhan [ D ]. Huazhong Agri-
cultural University, 2019.

Guan X, Li H, Han M, et al. Epidemiological investigation of
feline infectious peritonitis in cats living in Harbin, Northeast
China from 2017 to 2019 using a combination of an EvaGreen —
based real — time RT — PCR and serum chemistry assays [ J].
Mol Cell Probes, 2020, 49:101495.

Gonzalez ] M, Gomez — puertas P, Cavanagh D, et al. A compara-
tive sequence analysis to revise the current taxonomy of the family
Coronaviridae [ J]. Arch Virol, 2003, 148(11); 2207 —2235.

Jaimes ] A, Whittaker G R. Feline coronavirus; Insights into
viral pathogenesis based on the spike protein structure and
function [ J]. Virology, 2018, 517 108 —121.

Bosch B J, Van Der Zee R, De Haan C A, et al. The coronavirus
spike protein is a class I virus fusion protein: structural and
functional characterization of the fusion core complex [ J].
J Virol, 2003, 77(16) : 8801 —8811.

Mechanisms of

Belouzard S, Millet J K, Licitra B N, et al.

coronavirus cell entry mediated by the viral spike protein [ J].

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

Viruses, 2012, 4(6) ; 1011 —1033.

Lewis CS, Porter E, Matthews D, et al. Genotyping coronaviruses
associated with feline infectious peritonitis [ J]. J Gen Virol,
2015, 96(Pt6) : 1358 —1368.

Shiba N, Maeda K, Kato H, et al. Differentiation of feline
coronavirus type I and Il infections by virus neutralization test
[J]. Vet Microbiol, 2007, 124(3 -4) . 348 -352.

BRE, KIS, MITTIE, 5. MY PEIE IR AR N A
R BN - FRRFEEE RGP RIE SLEE[T]. PEEFL
P, 2021, 48(1) : 273 -279.

LiSX, LiuY, Liu F Y, et al. Expression and identification of
cat infectious peritonitis virus N protein in insect cell baculovirus
system [ J]. China Animal Husbandry and Veterinary, 2021, 48
(1):273 -279.

Woo P C, Huang Y, Lau S K, et al. Coronavirus genomics
and bioinformatics analysis [ J ]. Viruses, 2010, 2 (8):
1804 - 1820.

Pedersen N C. A review of feline infectious peritonitis virus
infection; 1963 —2008 [J]. J Feline Med Surg, 2009, 11(4)
225 -258.

Poland A M, Vennema H, Foley J E, et al. Two related strains
of feline infectious peritonitis virus isolated from immuno-
compromised cats infected with a feline enteric coronavirus [ J]. J
Clin Microbiol, 1996, 34(12) : 3180 —3184.

Dye C, Siddell S G. Genomic RNA sequence of feline corona-
virus strain FCoV C1 Je [J]. J Feline Med Surg, 2007, 9(3) :
202 -213.

Kummrow M, Meli M L, Haessig M, et al. Feline coronavirus
serotypes 1 and 2: seroprevalence and association with disease
in Switzerl and [J]. Clin Diagn Lab Immunol, 2005, 12(10) .
1209 - 1215.

Amer A, Siti S A, Abdul R O, et al. Isolation and molecular
characterization of type I and type Il feline coronavirus in Malay-
sia [J]. Virol J, 2012, 9. 278.

Herrewegh A A, Smeenk I, Horzinek M C, et al. Feline corona-
virus type Il strains 79 — 1683 and 79 - 1146 originate from a

double recombination between feline coronavirus type I and canine

coronavirus [ J]. J Virol, 1998, 72(5) ; 4508 —4514.

(4 3. FXF)



