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Isolation of porcine respiratory coronavirus from pig showing ataxia
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Abstract : A cytopathogenic virus was isolated from the brain tissues of pig showing ataxia.

The biophysical, morphological and serological assay showed that the isolate belongs to a

coronavirus. The differential identification of the isolate with monoclonal antibodies against A

and X sites of transmissible gastroenteritis virus indicated that the virus has a characteristics of

porcine respiratory coronavirus. The RT-PCR on nucleocapsid region of TGEV also showed that

the isolate has the same conserved sequence.

The diverse pathogenesis of PRCV and its implication in field were discussed.
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H A 5E&7) Z2v}o]e] A(porcine respiratory coro-
navirus; PRCV)¥E  Coronaviridaeo] £t wjojg|A =
19831 W7o M A Fog Bho] BuH o] F F=,
ZPa, YEdE, 59 55 MRS £Y HGlM
do] gaggon 19906 &= v wAago] 2l
g

AANAY A7 PRCVE AAAGH g
o] &) 2 (transmissible gastroenteritis virus; TGEV)2] o] F
2 FAHAAR don Ao FAse d9A
A gutolgadte EA 3E7] A7ld F43o
T, 844, 94 Asga 2 1EA 99 59
357 AHE FEg

PRCV: TGEVS gAdxog wxsls 4 RNA
T2t A9 st 71EY AT o3 o]
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2 d7e B YA 25 Aataxia)E YEHD ZEGAM £
3l #27} PRCVE #Qlsi9long old tigt &

ez 3 U

Mz : 2 siA A A A ¥ (primary porcine kidney cell;
PPKC) 9 318A] ¥ (primary porcine testicle cell; PPTC)E
A7 3477 JE9 718 HH 3t 2.5% trypsino
2 2827 th& a-MEM(GibcoBRL, USA) i3] o 10%
$ejob 8 A (fetal bovine serum; FBS) 3 34 #](GibeoBRL,
USAYE #H718te wjgstslct. £2) vlolel 28 A £
XN HE MEZA A D@ I F(swine testicle
line cell; STL)= AME-319.0.8 5% FBS7} 8% a-MEM S
2 ZHA7 X vlo]HAE HEE thSof= 2-3% FBSE
A7t FA 8ok

vjolg{ae B2l ¥ A2Y : HYPAZZF S Hole
658 =9 HZEH vtolgi2g £ 8% th(Fig 1)
%, 717 AEY HE FrHoz AFHsY QasEy
% 4~ (phosphate buffered saline; PBS)E. 10% §# &S =t
€ oh3 2500pm o 2 1027 A4 2. 94 e

3 AEdE AHst 10710712 108 ADE 4G &
PPKCL} PPTCo| H£3}4t}.

HE3F A FHA & H(cytopathic effect; CPE)E JEM W
HEE A8 38 FAFAZ b 59L& PPKC
of %3 3 1%2] Sea Plaque Agarose(FMC, USA)E A
Yo =¥3 1 4~59 % 0.1% neutral red2 A5}
plaqueE AFHIAT. Z2YE wvolelAE PPKC U
PPTCo| #HF3 & CPEEZ ##3tdAM Auvsigon
AW vlo)gl A= 70T B@stgr).

2| vlo[2{A9 O[5t MAMAIY : vlo]g 2 B
gty Jge vhelgla wjg 43 A& chloroform,
pH 3.0, pH 8.0 2 60To] A 30527 27 Hej e e o
A XA EE 96 well(Greiner, USA) 4| L1} & 7))
) g PPKCS} STLe| &8 ohf 37T, 5% CO, 5%
284 FAA ¥ F¢ 792 (hemagglutination
test; HA)®} wh-9- 2 3 U} & F(intracerebral inoculation; IC),
sholel 2o Hehed $4& Kweon 570 w1 9
of #ated A AlgrA Tt

Eautolglzg B2e vl $E4S 1535%9)
potassium tartarate density gradient 439 23} slo
22,000rpm(Beckman, 28Ti)o| A 22A] 7+ &<t QA #2138

Fig 1. Piglet showing ataxia.
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Fig 2. Cytopathic effect of the isolate in primary porcine testicle and kidney cells.
a : Control testicle cells, b: Infected testicle cells. ¢ : Control kidney cells and d : Infected kidney cells, repectively.

¥ 229 fractiong A F 3 F 4 3}o] PPTCo| HE ¢
& CPEE A3 4t

JHtolgjAael &F : wolgl2e FAHAYL PPKY
PPSTE cover slips] wjste] Belnfo]lgirgd HEFH
F Y guto] 2 A(Japanese encephalitis virus; JEV), 5
2] Z# ghutol 2 2 (Hog cholera virus; HCV), @A A7)
vlo] 2 ~(Aujeszky's disease virus; ADV)ol| th&} 8352
ol £38}a zHH ¥ 33} (Indirect immunofluorescence as-
say; IFA) ¥ 02 BAMstQ o™ TGEVY ek da g
A= Jdds o33 aTAIDDLO)S Dr. Niewwstadt
ZRE Egre 3a] MAb 57.16, MAb 57.22 @ MAb
571103} v]= o] v A€t o) & Dr. Molitor2 X6 R4

MADb PSGS-1, MAb P6G4 & MAD 5A5 33| & o] 23}%
e,

PRCVS} TGEVY A Y& Bgute G328 S
o] &3t IFASH F AW % (Enzyme-linked immunosorbent
assay; ELISA)S 4 A3ttt

o] A¥q EF TCGEVE 7 5% $ometedp
LA ZERn FHEFE ALY o PN ratios
AR e A% dE2FAZA JEVY] dig G2 E28HQ
MAb C-1-60& o] 4 & 5'0] 218 ELISA ¥
F3tod FYT 2dgA 4EF }E MAb C-1-609 T
3§t absorbance x| & &4} X 2 & PN ratioZ A4 31t}

g5 o Y2 HAF vlo]2AE Freund's
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complete adjuvant$} & FE 3] Tl 9] guinea pigol
THEWE FEFAoH 13HF 3F Fo A ol
29} F 9] Freund's incomplete adjuvants E 3l 21}
ZEHENA D 237 Fol £ 3F Tl AT wiol
Hathd JEFA 35 F AH3 WAL Al AL 83}
o}

22|52 FHX ZZ(Reverse transcription poly-
merase chain reaction : RT-PCR)Y A7|AMd 24 :
vlojg] 29| FAA FEL vlo|gi A FE o Ultraspec
I(Biotecx, USA)E o] &3l &3¢ 2n TGEVY mu-
dleocapsid®l] &+ primer(18 mer; 5-TTAGTTOGTTACCTCATC-
3)2 A48 S DNAE FA3H5ITH®”. RT-PCRE TGEV
o) mucleocapsid] W& 22+ primen20 mer; S-TGGAAGA-
GAACTGCAGGTAA-3)E #7}8ted F¢5Z A7) + puCl9
vecoro] 228tk 2238 &4 Kweon S20) B

TEHAD o2 FAA 7ML S BA A

32

2

AtaxiaE g o7l XAES22E tlolpjag £ ¢
O[3tste MA : Ataxiad AEY HE AT MHAR
& PPKC % PPTCo| HF3Hd vt HF 4-5Y $4H
CPEZ e Qi THFig 2). CPEE YtEbd A X9 &5
S o] &3t vlo|gi2g AR T o]FetH Fu
& 2AE9 9 H) Table 1904 ®E= upe} o] chloro-
form, 60C % pH 3.09] 221X 39714 A& Vg
WAt 22{1t pH 8.000 A= pH 3.00) u] ko] okt 1+
7t9) A&E U 87 53 vps 2ol y
AL BEE F AU

Table 1. Biophysical characteristics of isolated virus

Titer Treatment

(TCIDso HA
sml) pH 3.0 pH 8.0 60T chloroform activity* 1C**
10°° 10 10*° 10° 10" <2

*Hemmagglutinating activities on guinea pig or chicken red
blood cells.
**Intracerebral inoculation into suckling mice.

% ,\‘(' fi) .

Fig 3. Electron microscopy of the isolates. Bar represents 100nm.

Infectivity (Log, )
{cworb) Aisuag

No. of fraction

Fig 4. Purification profile of isolate in density gradient.

9 8} 100~150nm =27]9} coronavirus®] EAL A&
T A THFig 3). T3 nlojgl A A]ZE density gradient
Abell A 7}7] T2 fraction 2 A3 3tod PPTCo| HZ 3}
A9 vt 2 vlolg 29 ¥ FL 1.06gm’ol A Ho 7
F7He VHERA A TH(Fig 4).

CIEEAE o[ EF 22/Htol2Aal H : #4 v}
olg] 2~ & PPTCH| 3§ o1& JEV, HCV, ADV 9 TGEV
o g dARYAE ol & IFAZ ZANIHE vt JEV,
HCV 3 ADVY digfM e dh&3 JehlA 2 wd
TGEV A 2 A o A wke-S Ve Y Th(Table 2).

Table 2. Differential diagnosis of cytopathic virus using
monoclonal antibodies

IFA

JEV* Hcv! ADV? TGEV™

- +
*Immunofluorescence antibody assay using monoclonal an-
tibodies against JEV, ADV, HCV and TGEV, respectively.
#JEV : Japanese encephalitis virus.

THCV : Hog cholera virus.

JADV : Aujeszky's disease virus.

#+TGEV : Transmissible gastroenteritis virus.
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PN ratio

P/N ratio

a2y TGEVS] B 28 ol ELISAZ FHAM]
Fig 5 2 6914 Yehd nie} go] SAEFA Y 544
we} x}o] & vpehhgith & TGEVY tigh ELISA uHE
Al AAbe] AHE R GAZEA ZF 1.5-3.00 €3k P/

s2] +
3.0 *
2.8
2.6+
244 —s— MAD 5A5
] —e— MAD PSG
224 -—&— MAD P-6
] —v— MADb 57.22
2.04 —eo—— MADb 57.110
1 —+— MADb 57.16
1.84 v
1.6 4 L\‘/’—/‘
1.4 /
1.2

i N T T T T T 1
400 660 860 10r00 12l00 1400 1600 1800 2000 2200
Dilution of MAbs

Fig 5. Comparison of ELISA with monoclonal antibodies using
TGEV(Pyung-tak strain) antigen.

<
3.0
4
2.5
—a— MAb 5A5
2.0+ —e— MAb PSG
—&— MAb P-6
| —w—MAb 57.22
—&—MAb 57.110
154 —+—MAb 57.16
! \’//
1.0 M‘A

T | L LU AL
400 600 800 1000 1200 1400 1600 1800 2000 2200
Dilution of MAbs
Fig. 6. Comparison of ELISA with monoclonal antibodies us-

ing isolate.

N ratioZ UFERY 8h3 B2 Fo) tj 3 ELISA whgA ol &
MADb PSGS-1, MAb P6G4 & MAb 5A50] A= 2.0 o]/ 9
PN ratioZ LEFUIS 2.1 MAb 57.1103 MAb 57.22% P/
N ratio7} 1.0 v]9ho. 2 uk-8-3} %] 9ty MAb 57.169] 7
2 PN ratiox 1.1~152 uf$ usich a8y 258

Table 3. Indirect immunofluorescence assay of isolate against

TGEV monoclonal antibodies

IFA titer’ SN
MAb MAb MAb MAb Antibody titer on
§7.16 5722 57110 P6G4 TGEV
800 <200 <00 sop |mmunized guinea 5, o

pig sera
*Tested on primary swine testicle cells inoculated with isolate.
**200 TCIDs,/ml of TGEV (Pyung-tak strain).

Fig 7. Immunofluorescence of the isolate with monoclonal an-
tibody 57.16(a) and P6G4(b).
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A

TGEV
Isolate

TGEV
Isolate

TGEV
Isolate

TGEV
Isolate

TGEV

Isolate

TGEV

Isolate

TGEV

Isclate

TGEV
Isolate

TGEV
Isolate

B

PURDUE
and FS772

PRCV

Fig 8. A:

B:

746 798
TGGAAGAGAACTGCAGGTAAAGGTGATGTGACAAGATTTTATGGAGCTAGAAG

l .
TGGAAGAGAACTGCAGGTAAAGGTGATGTGACAAGATTCTATGGAACTCGAAG

799 852
CAGTTCAGCCAATTTT GGTGACAGTGACCT%GTTGCCAATGGGAGCAGTGCLCAA
CAGTTCAGCCAATTTTGGTGACAGTGACCTTGTTGCCAATGGGAGCAGTGCTAA

853 906
GCATTACCCACAATTGGC”IL‘GAATGTG’I‘TCCA’I‘C’[‘GTG’I‘CTAGCAT’I‘TTGTTTGG
GCATTACCCACAAT’I‘GGCCGA&‘:TGTGT’I‘CC ATCTGTGTCTAGCATTTTGTTTGG

907 961
AGCTATTGGACTTCAAAGGAAGATGGCGACCAGATAGAAGTCACGTTCACACAC

AGCTATTGGACTTCAAAGGAAGATGGCGACCAGATAGAAGTCACGTTCACACAC

962 1015
AAATACCACTTGCCAAAGGATGATCCTAAAACTGAACAATTCCTTCAGCAGATT

AAATACCACTTGCCAAAGGATGATCCTAAAACTGAACAATTCCTTCAGCAGATT

1016 1069
AATGCCTATGCTCG’IL‘CCATCAGAAGTGGCAAAAGAACAGAGAAAAAGAAAATCT

AATGCCTATGCTCGCCCATCAGAAGTGGCAAAAGAACAGAGAAAAAGAAAATCT

1070 1123
CGTTCTAAATCTGCAGAAAGGTCAGAGCAAGAGGTGGTACCTGATGCATTAATA

|
CGTTCTAAATCTGCAGAAAGGTCAGAGCAAGAGGTTGTACCTGATTCACTAATA

1124 1176
GAAAATTATACAGATGTGTTTGATGACACACAGGTTGAGATGATTGATGAGGT

GAAAATTATACAAATGTGTTTGATGACACACAGGTTGAGATGATTGATGAGGT

1177 1186
AACGAACTAA

AACGAACTAA

5 @

Comparison of the nucleotide sequences of the nucleocapsid region(N) of TGEV(upper) and isolate. The nucleotide sequences
of the nucleocapsid region(N) of TGEV are based on the information of virulent TGEV strain F$772 by Britton ef al ™.

The genome organization of TGEV and PRCV based by Rasschaert ef al. Differences of the nucleotide sequence and dele-
tion are arrow indicated.
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PPTCe] % THE MAD 57.16, MAb 57.22, MAb 57.
1103} MAb P6G4E IFAZ A8 v} Table 3, Fig
70 41 ¢} 7o) MAb 57.16= MAD P6G4<] 7 &8} o) <}
kg el

T PAH G vlo]gd 2 & guinea pigh BYA L T A
A Y& o &3 TGEVSY £ Fo] gt YA A
3718 ALY b B 3209 gA7tE H
28 T 9%tk

EIF |AX &MY - BIF7F TGEVY 84
dHow wastE PRCV A%oz #Hgon=z
TGEVY] nucleocapsidol] ™) &3+ primerE o] &5t &
259 KA YR it Gl EN S A3
. &, RT-PCR WY o2 FHAE FEAI F 22Y
3l P71 E& £A439Y v TGEVE] nucleocapsid 4
7MY 973% YR Bt A2 By E Y chFig. 8).

&

PRCVE TGEVS A9 FY3d 2y vioje] 284
TGEV7} 43817] & dosied wad 5, 7184
U JAF5H9 587 A%Y J1BAAM F2 F43E
EXNE Za e Ao Bugo Yo A B
g 231d $3%d galE PRCVFY 43 3L Fig
8o Qcokd wie} ol TGEVY 9% Zouigy
(Spike protein)2] N-terminal T} o] 6217] Wx] 6727}
72 A&gged 1 9 vz ¥ Z (Nonstructural pro-
tein)] B FAAL A& Ao yaudo gt

a2y PRCVY] B @] #ataiA HEA %
%9 3EF7FA A 2ALA H Y (fatal pneumonia)7}tA]
e cheFay ojg & AYA ok TPA He=
AgsA FHHe YA B AFo|gpr, 4z
PRCV7} 3718 B8 AJt 7hedlite 934 54&
o wpolgj 27}t F AW ZPA AR EqE + Y
e HolA TGEVSE 4oldt Zyo AW TS g
e Ao2A #QFo gich. 12in2 PRCV 9%
< HA 3F7 ¥ A7) FFF(porcine respiratory
reproductive syndrome) Blo] 2l AL 718t EE71AEY ¥
QA M, rlo] &2t 59 48 $F7) FHE F
et AFHAAS E#§GIA] PRCVY 2E 2G4
Bt Us 44¢ 387 $4E 923 5 A A
€ 3tz gldh wdE PRCV Zgel & =X in-

2

9%

fluenza vloj2j29] AAW F4& JAdTE AR
Bagof g

A 2 Ao g vpolg 29 4 TGEV 9
g9 Neterminal G¥d R (X site)d] )¢
de B EFA A MAb 57.1103 MAb 57228 AH43}
Ke A 2T wEetA & 9 FEFLRLHAA
site)ol] S HEE A2 B 0F MAb 57.169) A $ EL-
ISA 2 [FAJ A mastcieE AL van Nieuwstadt S
o Budyet dxgtm glen £eF7} PRCVY 4%
olgte AL YFdu YT B TGEVY nu-
cleocapsiddl] 33+ K98 4459 RI-PCR g
2 2T FHAE 24 23 94 TGEVY ¥4
¥ F3H 4 YAk

a2y ataxia® YERJE AHEY W oM Eajd vlo)
g &7} PRCVE $HHYDE A S @A77 BaH
of x| odrhe HolA PRCVE thebg WeA 9 23
ik PG 2882 2 4725 #9 PRCV
Fo HdAd 9 FHA 24 L FF A& A7

o Fvl2e HAT AzEn,

4 E

234 Hehle e H24
ol AE EEste oA, e 4
A< v} coronavirus2 B9 5 Tt

£ vhojel2E 20 2] 2FATY AFA X
A AZEAESRE derddon fAAGY AFdut
ojgi2 9 AY XF4d f§3te BHARYAHE o &F
T4, HAZF7] 2 vtole2 o 5A& e
Aot HANEE AdGutolel 2 nucleocapsid &3 2
W59 primer 24 38lo) RT-PCRE o4, #gF9 #4
AE &A% v, HAAGY AFGutole 2o F
71 g3 973%4 YA E JeEp A

o] 49 ZaA & dFoA &¥ PRCVFES ye
e FF ASHA 17 gty ARE.
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