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Attenuat ed pestiviruses *c~002* Field of .the invention The present
invention relates to a nethod for attenuating pestiviru28ddvemben2002 ati ng
the ribonucl ease activity (RNase activity) residing in glycoprotein ERNS_
The inventiwomkaosrel ates to pestiviguses attenuated accobdl/Rp08642 he

i nvention) nucleic acids for preparing such pestiviruses, vaccines and
phar maceuti cal conpositions corrpri sing the attenuated pestiviruses of the

invention. The invention furj qugtﬁﬁgtﬂ,ﬁgk@gds for distinguishing

bet ween t he ted V|ruses ent1on and pat hogeni c viruses.
Backgr m nventi on Pestiviruses are causative agents of
econom

ortant di seaseﬁﬂ‘g,f afnbma.l S ip many countries worl dw de.
Presently k'f‘F@‘Wﬁ virus isol at es HEILTHBEANYTYEHL] into three different
speci es which together formone genus within the famly Flaviviridae. |
Bovine viral diarrhea virus (BVDV} causes bovine viral diarrhea (BVD) and
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Thi el et d
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chol era ald6) re(d(b@lnmnpgsmmis@i; axyermatnd ameming” o dhe e'nveation meﬁéj): adidd fdBor der

di sease VI rus 88% i ép cal cY foundd|§ (g E border .di sease
(BD). |%FP'Y' VACANES fiad pHoEmdreyics 8?1"‘88% PHERMPESIBECur
after lntrreauﬁ@iuan@i éitWDSémthfhellﬂ\Vé)ﬁlom The Bi¥éntidhenttic raatiePloapenivias,
1992; Th| el et al., 199 I ternat ve cl assi f| catign of pestiviruses is

provi ded QSyd'B@EﬂVé?h”éQ bg'vzee@l attepuated, yrusespRl g ipveadign gARPgenic
envel opeq,nyéésuses with a single stranded RNA genone of positive polarity
llacking both 5 cap and 3" poly{A) sequences. The vital genome codes for a
pol yprotein of about 4000 am no acids giving rise to final cleavage
products by co- and posttra i I i j nvol ving cel lul ar and

vi ral A WD 991 64604 2 29%@%8?11?8@8%@%/ 03642 proteases. The
viral proteins are arranged in the polyprotein in the order NH2-NPs-C
ERNS- E1- E g? NS2- NS3- NS4 A- NS4 B- NSF NSSB— é&%& 1996). Protein C and
the gl ycbfPBYIBISRE AEORBUSEVCARPNED O BRNURKEINSIT Hiscangs planmalsiing he

pesti Vi r Hfany duiridsTWoRdwige. Presenll) Khown ¥ikisaiRdidtés Aale peeh @rxﬁhF@d iftBNS
were found to be targets for antibody neutralizatjon (Dons et a 1988

Pat on et thiee diflesent spesies myhich tagethier forryone gppus &’ﬁﬂ'"éf‘e é?m)'y Forytyin . ERNS
lacks a FE"bréaﬁnﬁwl%am mﬁJsS@vmr)%ubes 590%%59@5%@5& Vb§ahaom the
infected cells rotein has been reported to exhibit RNase activity
(Hul st emw;bsal diosase (Btmn@paéhe (Beker, 1987:99aennig raddtiagemann. 1992936je! The
functi ong {?9% enzymatic activity for the viral life cycle is presently
unknown. &1 A"t é‘ase of a CSFV vaccine strain experinmental destruction of

t he RNasH by Eldssicdl swateetbwent\érgen(@ﬁ@/)heferrbemm naepar hed tholemsvirgs,iim a

cyt opat hogeni c irus that has. acteri stl culture
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depends Plhdefhﬁ!arﬁf a989PCHhiffettal0 1806)et ches of amino acids conserved between
t he pestivirus ERNS and different known RNases of plant and fungal origin.
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af ., 199 C I ERNS
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acti vi t yafteuindrauterinalinfectignef lambst withi BEM (Woerinig laeddlagemianon$99itTdhielthe
genone of th %%2 V vaccine strain did not influence viral viability or
grow h p%ﬁ 1[ but led to a virus exhibiting a slightly cytopathogenic
phenot ypan( itérabtived clabsificatidnSof pdstiiruses i provides! by Bddhenust sid (1995)idrl ed
viruses or, viral proteins expressed in heterol ogous expression systens have
been gen@?’ﬁ’%d for CSFV and BVDV and are pr esently used. The structural
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Vacct nesORee dred PRIERIH oI RIRR, Binind SRIdST B e i g e
vacci nes praddetslethy ned and aposttransistienddapictebsingairveviras | egliutgruladd aviraiw t o
avoi d the di sadvantages of the present generation of vaccines. Potenti al

targets for attenuating nutations in pestiviruses are not mm
present. A further advantage of said attenuating nutations W
nmol ecul ar uni queness which allows to use themas distinctive |abg or an

attenuated pestivirus'es and to distinguish themfrom pest|V|ruses fromthe
field.



29 Novenber 2002 WO 991 64604 3 PCT/ EP99103642 Because of the i nportance of
an effective and safe as well as detectable prophylaxis and treatnent of
»pestiviral infections, there is a strong need for |ive ayN&éwgRbér 200k Vv
attenuated vaccines with a high potential for induction of inmunity as well
as a defineglobagsisps Of attenuati on which can al so be di sti npci/EPm@3dse om

pat hogeni ¢ pestiviruses. Therefore) theé technical problemunderlying the
present invention is to provide specifically attenuated and detectably
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provides a |live vaccine conprising a pestivirus, wherein the RNase activity
resi di ng i rfopidetsiie aaIn e indeated gels. thimerateinnhas, heen meported ised

herein r : i c Skt i Si A
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conponent s.that enhance the i | ogi cal activity. of said active
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t o phar megadd bybits dirpetel innsgeridits hasTbBoh egpcrdd t @bt Ve a YT d a

vacci ne may conpri se congl ete live organisns in either its original formor

as att end&fé&h%y%rﬂrgﬁ‘ﬂ‘ W?r%Ct@BStEéI'{‘ &g ﬁHH’i"ﬁi%"qu% 10 y¢ld tyge C’M&/ﬁ”@ﬁt .

or gani srrsetlav.aqbgggtﬁsﬂe BYZARRICOREVTTY dpBREE QS tH pRsBAcE Vit ditditirt ypcci ne

(KV). I'n another tormthe imunol ogically actjve co_gponent of a vaccine may
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i ns_efc_t s, amm{ﬂmd@tralgtm%smgcg@aml @fSth?Ebeﬁnghs &r&o!taéigﬁmo&fww the ]
purificatjon, procedures or ~induction of said synthetic processes in the
ani nal néﬂf \‘.Saac'v%e&f?w i) \no i"_}ﬂé'_@f‘c? NE%'r‘ﬁ%P'ﬁ'tyi %&%M@Bﬁ&ﬁr@e%‘ﬂtéﬁ 3P &si ng
suitable vﬂh%ﬁﬁiﬁ%@lé:ﬁighapaﬁeﬁambgeﬁicw@h&s%eI(ﬂetslt deavamygyation). A
vacci ne may conpri Se one or sinulfaneously 'nore than one of the el enents
descri bed above. Additional conponents to enhance the i mmune response are
constitu ; Jefarr peTel rrl Ui ;

al um ni u(ryh%/ 'r%%?%@?bbrg‘?'ﬁ%r aengrgte%fﬁgfkugeﬁ gwggééar%i Y'@@“’?%%‘P%ceu p(raesssggdgwd to

t he vacciheterologgasexpressiobpystemsgmige edfenegenenateddepeSMand BY DM arshatey such
additional ¢ onent | i k t..not stricted to.nterferons, intetleukins
o gr ot RresetBsed: Xhe silifnf et of PR AL E oD b BRI Yl e s o
one or mugecihegriedhenkaowapaivise leddsmadi fhe migk PBY Iinpreitiable eedbriants by

i munol 2&1 cal functions of . the (L)ﬁr‘.'%ani smit is adm nistered to, or of

organi s aICFWFﬂj'OFrPfoﬁeCBWbIWOB geauentide wagcinadeny B8y thecetbgr hgnd, the
antibiotieqﬁcl j i {4 ik i it in
order to ac a:&gvcgq&%(?? gﬁf o:%(%g'reso j.Pé‘%ll{s ?ﬁé@oﬁlﬂ%p%&? é‘?\&éﬂérp%&?ggqtg%dlﬁt

pr ocessi vgceinashtia the inductian gf imgntnilylis rathef lowsi bility to admini ster the
conpositi i a.enteral . epnteral rout h ral_,. [LnLtan

intr avencl)ﬁ&e\ﬁlen l‘r E\Brreﬁé’g{:ﬁ'gésj R@hb@% aegie%’gaﬂ'o%lgn%j;édtéfgﬁﬁﬁograﬁgb H"SetEO%sw ? L(tjbl e
route) tallewawcavaid ttee dichivantabeatdfahe mreséntogématation @fsacpinepePbicetial A
vaccine of the invention refers to a vaccine as defjlq?fd above, wherein one
i munol g ipr SRENNANGIRIGHA Ini ReSEViesas 7PNt ayriae geRtEseMt al ori gi n.
The ter mA kidter ¥a65hta8e of 8hlftentatifg YRASHAIR FRI thirMHoldclibY LRfuehss
particular) a living Viral active conponent. The term "pestivirus" as used
herei n r e¥iiels alevaiko upe shenyiasudisiynctive dabeals éon areattbyuatet megtiviguses ansetosane
genus as . ! fam |y Flaviviridae and by their
expr essi é’ﬁs\{@&'éﬁg%/’ﬁf’o%ﬁg&ﬁ%& QP}"?@SJ%Q' said termalso refers to all
pestiviruses as characteri zed by Becher et al. (1995) or others that
express glycoprotein ERNS. "~RNase activity" as used herein refers to the
ability of the glycoprotein ERNS to hydrolyze RNA. It shoul d~" be noted that
the termglycoprotein EOis often used synonynously to gl ycoprotein ERNS in
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As a consequence, the present invention relates in a nore preferred

enbodi ment to a vaccine of the invention, wherein said inactivating

. deletions andlor nmutations are 29 November 2002 WO 99120464 mbe? 2002

PCT/ EP99/ 03642 | ocated at the ami no acids at position 295 to 307 andl or
posi tion 33Ppbessddy’, as described tn figure 1 for the CSFVe&tApgolps&hrain in
an exenpl ary manner or corresponding thereto in other strains, of said

gl ycoprotein. fn a very preferred enbodi nent the present invention

di scl oses that the inactivation of said RNase activity by deletion or
mutation of the amno acid at position 346 of said giycoprotein |eads to
parti cul &dopuas ef the imppetanae of Ae effeTlive and safe ahwep pesietgctable prephylaxs

rel ates tQ WV, j i - thegd i i N sai ivity
o nact g BERLDRG o BEALRTI Ao eRy 8 i MBI (58 o URE ARy 6
as descr idiledubtedf vapoineslwitbra thigh ESEential far indsictian rof | immaumigxespvell gs rmnner
or correspandi thereto in other.straing) of sai l.ycoprotein. The.
present i ?Bﬁ?i '%éﬁoﬂ@‘?r}‘ﬁl@g Y"hﬁ' 5@&?‘%&Bée@sg(?@'%heé’&f@"érﬁf“'&‘?ﬂfé““f or an
E~s prot geRtivihiseeut RNase activity when the histidine residue at position
346 of the viral. polyprotein (nunbering according to the published
sequence of CSFV Alfortl Tiibingen (Meyers et al., 1989)), which represents
one of t ryed ' [ hies resi f Rﬁﬂﬁﬁjis
del et ed. hﬁ]te?%ggéa%goteg'géﬁgld ‘r?]%tﬂgh glﬁ g?i“#'ﬁ tts Ei g%ﬁcgﬁ?\{égﬁofﬁgﬁ Ot e eﬁ etion
of the reppeificallyeattsineatati ard datectabhrRiiSlask pestBivDs e kiriusierassliepattanuatad 349,

nunber ed ardi ng .t . u of ) ] d |} prary
(accesei SRCHTRRLM osfah SFsaRITRE e mabchRh ST RRELRICREr artBh i oLliE

gl ycopr otreethobasan disé b kiéstinbarsaed lony pathogenicqastiviastestfmm thefieldut at i ons
changi ng one amno acid into another, a deletion nmutant is generally nuch
nore stable with respect to revertants. Infection of pigs with a nutant of
t he pat hogeni c CSFV Al fortl TipiBLfe3ehe fhEFsditidiRNS With this deletion did
not lead to fever or other typical clinical signs of CSFV infections
whereas the infection with wild type virus resulted in fever, diarrhea,
anor ext aTHRP&Non (LSRR @hnRegohbBicHIik SERLIA) pISHY MSCARR SR fro ThEsE
pigs were KilTed I1n a noribund stage show ng severe henorrhages 1n the skin
and i nt eenghodimgaischadatenizedpodhe clagusil ati on. The pigs infected with the

mut ant did neither. shqw vifseni or B-cell d tion. tested, o s 3,
5 o 10 ChSE BBRGY B kB Tl Hestigiaes GIEPF SrBCERAVAREGIpo R
sanpl es deadtivatbrf oftie tRasel gsivity essiding edghtoprovdih ™'Y pe virus. The del etion
nmut ant apparently replicated in the aninmals as ir} i.(i_‘aled by the induction
of neut rﬁﬁ\eﬁt}?guam VigLsesaw prayids liveyvaceiigsd VIMRBNGGRAY- 1 esponse
to the mutapdfold, ivondaspett thieChpraBénttiRvarion provRIeS W We/ factineEbmbrising!ld enge
wi th 2x105 TClI Dso of the highly pathogenic infection wyth the CSFV strain
Eystrup (Peshyig:s, wheemin thie BNase apWityresigineus ayropretein i or tis inactivatedMor eover ,
t he test anj ol Lspl ;ca % 4 ~ 7
PCT/ EP99?®§63§%I ?’ﬁ?{’:'g ?sgﬂ‘sé% or ?%ﬁvk?fﬁ%g?:%n%@a?%@?}@ﬁér@
henor r hagespriBingelat Bapt evienimomurslogiealya adtiver cohgwookal | tbayeindudasctaron.
This data _denppstrates that infection of pi ith . the deletion nmu t
Induces. SRR E&hohed i afrarinaffnd soBsMBe Bl fotrisSiady TR hE
chal | engadditiopak fcohfponentsa thats enhasdee rthe dinembadlogieat ,adtibity i afveaidi aotives! at es
to vaccines according to the invention) wherein said RNase activity s
i nact i vatceEReperheA dicsineomayt 2adkoRaly icampsispeliriige campRIaNts dWPisde!o as
descri beg)hbﬁnékcﬂ}fkﬁl &o&rﬁésﬁdﬁ%. %Vin'ﬁhb%lb?@bﬂ@'a@twé‘ C@&fﬁﬁ@ﬁpbﬁﬁyvé@ﬁ”@r or
d e 0 gl ycopr ot

correspondi ng thereto 1h other stralns, sal d eln. In a further

nost pr efreay edmerisodomplete liveeorganisnts tneithdraite originaBi@n vaasi attanuatasbr di ng

to the i t.ion,. wh i id,.E tiVEtN, S | ti d by
ot ' on S iy 0Bl hehRP T QAR LD, BSBIANE Tt
for the Gpp¥pNA®rmhethbtiai in ian sancalieiilldy vaBEiner (V). car aspendiong ther et o

in other BVDV strains, of said gl yco$)rot ein. In another aspect the pEesent
i nvent i ofMPRINglagically agtive romPER 13 YAFHRS SYANNFRIPRIISF ARRIORREIGCISMENS t y
resi di ng gf 3al M@%ﬁfsﬁﬁ@%s@bﬁ%ab&né%ﬁér‘é@&elﬂegé/ eftFheits Qe qundrAted rBithaf | ons
of at |east one™amno acid of said glycopiotein with the proviso that the
am no acibysdestrqying theowholg7 oegamison @4thecgrovdh culfbirasopf sueh roraanigescanded in
figure 1 t. lysin [ p kit us, ' i no
aci ds at S%@é?@g‘x %@C%ﬁod] gre%&@elgﬁ@grfgﬁ%d%%g}%goﬁélidﬁwaegsg, lo%l?}ﬁéﬁltgg een
described by Hul st et at. in 1998. These particul ar pestiviruses
denonstrated cytopathic effects in swine kidney cells. Up to now, there has
been total unawareness of the surprising and innovative attenuating feature
due to the inactivation of the ER's enzymatic activity. In a preferred
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In a preferred enbodi ment the present invention relates) for reasons as
nment i oned above, to nucleic acids according to the invention, wherein said
+RNase activity is inactivated by del etions andl or mnut at i29Novemsiber:2002

| ocated at the am no acids at position 295 to 307 andl or position 338 to
357) as des@pishedod n frgure 1 for the GSFV Alfort strain i RCHEPONRM| ary
manner or corresponding thereto in other strains) of said glycoprotein. In
a nore preferred enbodi nent the present invention relates, for reasons as
nment i oneobrboesseaondim by en mmorcajriateamadmmatm*r df algutta)bletm/stmndam i b ,not

wherei n sai thI.t i hact j.vated, b on. or nmut at j o

Ao, o e g bt e eseel MARERE T Pinet shEEEs P s R PR ¢
strain i nrNp&KRARbA hYodBRINEY ooy MAUEESPONshio Gyhivetietpotdssek e thesaiaians, of
said glycoprotein. In a nost ng ef erred enbodj nent the present invention

rel ates tBeRG @ VagEings Pyc B iRForRPTalen i Al afneln, Materdli HSiegi guitalit e

activity prarha@slticshc8rhpbYitibAS (s midicdlide e&cm@ﬁpe« vaB8ide L P 8bGAASS © O
PCTI EP99/ 03642 of the histidine residue at position 346, as described in

figure 1 dnsrorsieultmmoysly Bete thagiangiof the elaments Bgsefiechabeid: or

th
ot pr of ol EBEEBLRs W sthantd Befimmitle Rgint K2 BOANEL e oy "
aci ds acaefatreng td st Iad;uvan'tsnthkene gmkmrelmurshydioﬁmlaseniaetalvbrt pihes oils or

i nacti vat ed th d f e histidine resi on 34
descri bec?']cﬂ% 80@91‘30‘?’&%’?’2 t?ﬁg?/ e < B8R ‘?fa?‘?‘i’e gg&’efﬁﬂ ?ﬁf’er or
corres pon@s@&thaerrﬂh@ud»m st Rath BAdMisHal addriposdnts atike gbiC Gt qb@tlnated to
Nucl eotides, e.g. DNA or RNA are also useful for prepari ng DNA-, RNA-
and! or vée&eéfﬁrmmt%@kwww@w 5% nes, the nucleotides are app! i ed
directly £ ophBenadtuiBhl 85mbBEi6RC bEentialy V@SSRS d?taﬁ‘é csrh%ré g2l
virus. Nucl eot| de vacci nes and vector vaccines are well known f]g t he

pr esent srta@aélewf mpdifiang phykioepichl eat lmueolébt@rah&mﬂ@m phihe orlganwrf g her
aspect, i [ u C he
pr esent nv 'R[S?%ggh%gygpb}aqr%ﬂ's"%nﬁ%li '{8859 %g,n oér)éevé érﬁi &8@%5@%&1 ﬁw
vacci nes arm’btomnuaciremtnmasmnsr UEGW)E" m&xdbthrer neotiséivents iadded ctooit din rigdérotd he

invention are p i.cul I usef ul tlon of .a harnace tica
Composi & IBSMEERCOIS e Phisciet, iendut 1 Bitecy G eCpPao ity ity

rel ates tspatfigr RBRSHItY tbaédrﬁmmahé lc@ﬁ@ogmsﬁrw&eﬂ@@ dt@fé%rﬁt@raﬂ%ﬁé@lsm to
the invention, andlor a pestivirus according to the invention, andlor a

nucl eot i & g@éru@ﬁeea%?éctﬂ"&*'ﬁ@oq% IRIFRMY SRR |SHPC“‘@1§°%anr?ﬁ?’E’PﬂgPre9<tQﬁbl e of
such a pfk@‘t%&%h!é?&le&%@%él’r b@:ﬂ)nns’iﬁé‘tu@h)/c&m/&l@dfrél'éagg'ES%ﬁérhéé' on purposes,
coul d be prepared Cell culture supernatant of an infected cell
culture i vacune \m‘ ttheangwmm rqferrs tee agvaegieg rasd datneth @heveBsme(einvente
serum al y i or dehydrated by
ot her rre? ﬁ? 0'@&"&%%8%§é®? rﬁéig%s%gﬁ\aﬁ%té{t%f%%ﬁ@ l&ﬁﬂ} ehydrated in
aquous (€lhge tesml Ilme)zaétBSe(wﬁers;ibai eadvirfd eomgrisiabianbying,oin panticagu @uls/ing

sol utions. %ﬁ 8 enul si on, al um num based adjuvant). An additional

aspect of'Ieh@ B’leé?é‘?ﬂor\eHVentl on relates to a method of attenuation for

pesti Vi r USRS terih Epésivits' 88 WedV heiein deféfd QU calRpdstviRiseeC (chdravrirized Byor
attenuatin g pestiviruses characterized in that the RNase activity residing

in gl ycogteRnging todhe sagne ganys 9aBy¥RV, CShy/ ﬂaqm\éf""tﬁ‘ﬁbti‘%”@'gl‘:é@m‘ﬂﬁ ae 1 O
PCf / EP99/ ed [ r

usef ul 1 O DL UHCeRRESion oF o Yo Bl i O Bl R A e 8 4 ona
aspect t lestiviessest as nefearaclenzed| byt Eecher mit Bbd€1998) o @zﬂlm@riSn@& express

et vi ty SuERR e gt R s UB RS LR, RRE RS a8 B B o

t he Rl\laseglwdprmemyEFf"@SMhyﬂ@lyz@ RiNxcoprotein ERNS provides a surprising and
new met hod for etestabl | abelin estiviruses. ILn a furth t the

er as
pr esent "h\?@ﬂt"poﬁ’ﬁ Mo&RA thepfer WO@B‘FWO% &4 éﬁ)P{}eP a9 ﬁéj”‘ﬂ@’éﬁ)‘{?fyr Bes
char act ergiz&eghrbBinl R if RepfMeRs activity residing in glycoprotein ERNS is
i nactivated. The feature of absence of RNase activit esiding in the
gl ycopr otienteERNiBagtivatiostdf ihe Bdase @ictivityoresigienini said ge;@oememeeefér@ﬂo the
det est abI el i ir RNE el Vil uses
or the EreblceaBRutet SapaTRY i RS Ten BB T SRR,
clearly wompartd tgthiesvetodified Mdaﬁmeﬁmncbglypomeamer‘ﬁ? RNase activity of
t he gl ycoproteins ERNS upon isolation and assayi ng such enzymatic activity.
For pestiviruses inactivated in their RNase activity residing in
gl ycoprotein ERNS by del etion andl or nutation) a nunber of other techniques
can be used. Such pestiviruses can easily be detected because of the
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A preferred embodi ment for all aspects referring to nethods for attenuating
pestiviruses, nethods for producing a specifically attenuated pestivirus
. vacci ne and nethods for detestably |abeling pestiviruse29Noenibengodd t he
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opeci {1 calTPyPY b means P §6 ISt RAsUER o dAugef 1ot ki Alalf R BECREM Vi Oy
resi di ng but 45k sHAplalset in ERNSxensplanamiahkéat Ropointfolltl e eireRirean@aionaids f or
all aspects referring to a process_for the preparation of specjfi Calrlﬁjl

at t enuat RFIR@ 3t At pasitian of comresnandingio hakPFgKINPtheRsRINg sEEh £5 dau

| abel ed SBUBV YSTH¢ C i ; i at | S

rel ati ngloili:aI oéy gr. i nact%@a?f’%hﬁ}g?éfH‘e}b%ln??ég%ﬁg%eg?hn@E%ﬁs, e%(e)ﬁﬁgfgg?'dl:%\lase
activity pastivirasds otheethanythddl3FV ddforastddin therntiatbiesing afthatpositians obthe ani no

id of ' t tei,n. A d enbadi tef |
"ot erri ngP BT ERELatHS S BN SEBERL b AN SPaRel TR b JAOBE AT
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an exenpl pesjtioraddfeof BYD¥Ystragsghdi ng thereto in other strains, of said
gl ycopr ot g n. r refe enbodi I S 4 a
o bcess. 1ot %orbbiusheR, FleChreSPnCTEA T s In & short R e FBoUER i
process fawatdiae pf epairvention, obharpc saiddahdtivatiad ekkdiope sindiorr matioas @aor di ng
to the invention are those processes relating to the inactivation of the
gl ycoprotein ERNS) wherein said Rnase activity is inactivated by deletion
or nutation of the amno acid at position 346, as described in figure 1 for
the CSFV Alfort strain in an exenplary manner or corresponding thereto in
other strains, of said glycoprotein. A nost preferred enbodi ment for all




in other strains) of said glycoprotein 29 Novenber 2002 WD 991 64604 ' 3
PCTI EP99/ 03642 The vacci nes or ot her pharnmaceutical conpositions of the
»present inve;c~tion are useful for the prophylaxis and tseRbvenbercfoo2
pestivirus infections in animals. Therefore) in one aspect the present
invention MWQIREEDIto the use of a vacgjne according to t heqT; ¥8n for
the prophylaxis and treatnent of pestivirus infections in animals. In a
further aspect the present invention relates to - the use of a
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di st i ngui shi pg@ estl Vi rus i nfect ed. ani mal iﬂf rom ani ng| L?s vacci nasi‘ed W sh a
speci fi &antp OHE FierdgEs t | RESeuRiasc WEFRiKllgd: 19 enBonnbed: stage sPeWNG si ng
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ani mal s rietemczgmumid) she #dfortnsttadnl Mtdovar,sthediesiedaddigmaly tisplayedhoplypicali r us
according to the invention, conprising the follow ng steps: (1 ) Obtaining
a sanple froman aninmal of interest suspected of pestivirus infection or a
vacci nat ed ani mal ;



(2) ldentifying the nucleotide sequence of a pesiivirus genome or protein
within said sanple; (3) Correlating the deletions andl or nutations of the
- ERrl's nucl eotide sequence as present in the vaccine witBoNoVahibeP 266y
animal and correlating the absence of said deletions andlor nutations with
a pestiVvirugobgisgsat i on of said animal. Furthernore, the strewtrosedsarhanges
resulting fromthe altered protein seqﬁence of the gtycoprotein ERNS of
pestiviruses of the invention can be detected by specific nonocl onal or
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presence sghinPiRshh \UkeRDHREy Githride o? orbhbehiHg WhEREY Y Seher! Bv@v%tﬁ‘éu‘i‘é réd
enbodi ment _the present invention relates to an in vitro nethod for

di st i nguisaidi glycqpeteinyi rus- i nfected ani mal's from animals vaccinated with an
attenuat ed pestivirus according to the invention, conprising the foll ow ng
steps: (1) Obtaining a sanple froman animal of interest suspected of

pestivir s anomectaspectomea)rewmmmmodnanlami to @Reniiatedt péstivirgses) whereidi i ed

ED S gly ein V|r t he p@lelc bin N monaocl onal or
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of the Riele Uxtd mowythere baiebeen total unawareness of the surprising and innovative
attenuating feature due to the inactivation of the ERNS enzymatic activity.
In a preferred embodiment for the reasons stated above for vaccines the present
invention also relates to pestiviruses according to the invention, wherein said RNase
activity is inactivated by deletions and/or mutations located at the amino acids at
position 295 to 307 and/or position 338 to 357, as described in figure 1 for the CSFV
Alfort strain in an exemplary manner or corresponding thereto in other strains, of said
glycoprote’in.
In a more preferred embodiment for the reasons stated above for vaccines the
present invention also relates to pestiviruses of the invention, wherein said RNase

activity is inactivated by deletion or mutation of the amino acid at position 346, as



| abel ed viruses of the invention will result in different inmmune responses
in animals when conpared to the responses resulting fromunl abel ed
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E. J. NbOVé?&Bﬂ}ad&nbs P thdsebpictinps, tﬁanmcl@tldés em/Ebﬂﬂﬁ @l‘e}ﬁtl?ﬂdi ﬂi@aﬁlrrlél of
hog chol era. virus straip Brescia. ViroL 74; 2053-2060.

Wi | and) € indygetly viaectprs Oﬂié%éharethe aﬂ@n%wwsnalucteoﬂéqygg«;mebéo%|vss§9ént of

monocl onalaRgaly Al @énr\ﬂn@w,s RRfiHRSpragahsstaltoNs the aH kAl will AbY B@@Iabbfaﬂéd af ter
pretreatnment of mce wth normal bovine cells and cycl ophospham de. J.

Virol. Metusthes 24: 237- 244 29 November 2002 WO 99/ 64604 PCT/ EP99/ 03642

19 23. V\éh{lgf}g%gro% ﬁe%%rh‘g entBn’ reﬂ{g?\?ﬂﬁi% ule: f'\‘ﬁ?é%ricsaglg‘;s AMfe

Thi el , ycoproteln I'nduces neutrallzing
ant i bodi eprefsenhinvertian fof paeahrtsglnbctéetuﬂeM&ﬂoMo&rmﬁmﬁues J. Virol ogy 64,
3563-3569_, 24. Wil an

E . AR
o3 (10808  vaptliesy oteried RASYRSSS: cPMTRT MASE e8RS Bea DR RoiSr a
pest i vi r uvehtigh aleadattieulstly usefullfor Mg priepgiatioh of Aphar@@8autical composition.

in consequence, a further aspect of the present invention relates to pharmaceutical
compositions comprising a vaccine according to the invention, and/or a pestivirus
according to the invention, and/or a nucleotide sequence according to the invention.

One non-limiting example of such a pharmaceutical composition, solely given for
demonstration purposes, could be prepared as follows: Cell culture supematant of
an infected cell culture is mixed with a stabilizer (e.g. spermidine and/or BSA (bovine
serum albumin)) and the mixture is subsequently lyophilized or dehydrated by other
methods. Prior to vaccination, said mixture is then rehydrated in aquous (e.g. saline,
PBS (phosphate buffered saline)) or non-aquous solutions (e.g. oil emulsion,

aluminum-based adjuvant).

An additional aspect of the present invention relates to a method of attenuation for
pestiviruses. The invention provides a unique and unexpected method for
attenuating pestiviruses characterized in that the RNase activity residing in

glycoprotein ER"S is inactivated.



25. Wndisch, J.M, Schneider, R, Stark) R, Wiland) E., Myers) G, and
Thiel) H J. 1996. RNase of classical swi ne fever virus: biochem cal
‘characterization and inhibition by virus-neutralizing nd2Sodovenaber 2002
antibodies. J. Virot. 70: 352-358 Exanples Exanple 1 ~ Generation of
RNase- negatw@eyg@est i virus nutants Starfing with the full |RGKERIETMA cl ones
pAl CSFV (Meyers et al., 1996a) or pAIBVDV (Meyers et at., 1996b), from
whi ch i nfectious cRNA can be obtained by in vitro transcription, subclones
wer e gendhat sjkciffcally GBEhuatad ffestilifegels dre agypesialipfuspidl GoFthenpseparativedof Nt o
pBtuescript .SK+)_cut _with Xhol and Sphal. For BYDV, a Xhol/Bgll| fragnment
P om pal MPRNGRATHBIRGE 1ot duphEiaediions! Aepoet e, bretenh vrBien ieieli o
Si ngl e sticng&s fot PoauSInGNAspeGficHg HientafedopedtivRes vaebink dharSctaf£ i ng to
the method of Kunkel (Kunkel et al., 1987) gsing E. coli CJ 236 cells
( Bi oRad) thatdhe Reasepctidlygsiding ingivcopradgle & St iatagiyat$d. The singl e stranded
DNA was converted to double strands using the 'Phagemd in vitro
Mut agenesis Kit' (Bi oRad%. Some .of the synthetic oli gonucLeoti des which

2

wer e usedhesinactivatios pbthe dRiiase iastjvith ceaidingr ind glysepioleinuE " 1L psovides e

listed b i | i, on; 97| : TACTTEGR

C 346- 1+ SiRiRdh A SRR B H S0y 8K POTCEE! @553 ¢

é}mwm;wﬁm CpRuited: mwﬁrﬁggmﬁmmses
CAAA( . vemnper. . .

PCTI EP99F %'@Eéefgggmqj‘r%ﬁg\%ﬁgﬁ ARMY BFYNG 7 %KWRXB?"&?M {Spinactivated.

transfor TRkl gt 5¢ @dskbned- bf BRNBsE eAdtiSity Pesidimpanahe Gpcdmbiet LOFogi es

harboring plasm ds were isolated via anpicillin selection. Plasm d DNA was
pr epar ed Paaldvituges pé thea iwPgtien npy eﬂﬁﬂeégﬁr detestaply ibeligoubese pestévirmses.
pol ymer aiSbé%H“Mhﬂ%bgléd @5’&%&@8& Bt -th& ' gFom {&Qﬂtﬁbrﬂ' E&t{bl}ﬁs d&rakterd
mut ati ons and no second site changes were use or the construction of full
| engt h cDdlis @ drody. fidids tche desdy b dSknguisheh bl | thdeabsermgneniprésemaet dfe

mut ageni t as.m Lnserted t ther .with a ellBglll fragnent,.

or | ved FRGRAU of B3 SE 4 Ehs £ e URBh AT wat Shisisy Py FPEBRER 1 or m
pAl CSFV) actity. pAl CSFV cut with Xhol and Bglll. To obtain the BVDV CP7

mut ant , Xhol .Bgl | | .fr t. contgining the deletion was inser into

oAl BvD Bt PaRirRRD mdEiaREon ek dNe o My SIS MG FoR Bl ol at ed
from pAl B¥fd¥bhnand/oF " MtatieAStd Usimi BVItheémM Secki  OMRS blel ¥3EE! IGRH t hat
gives rise to a noncytopat hogeni c BVDV upon transfection in suitable cells

(Meyers @estiviruses gapgpsilyrpr datectast kepause of thecsifaturel sorseanereeamsiuitinged,
< th AL : . .
and the ghasm,ds délﬁﬁérﬁ’ge rﬁﬁ?/ioggﬁu;rtlgfzug'tﬁs? %%? V%Q%ngf ftﬁé’ %%gﬁ%n#@upﬁfe}'éﬁb% goroven

by DNA sequencl ng. [ engt h cl ones)
or Smal (B&IBi¢ Adill séquiegee of| altrrsy glypratain Er ands ideteaiabls bie swelelsedcid

previ ous S , ot Hab).. ,E;Pl@ S LEied Qy.gel fi atjon and
phenol | c%ix%‘ééﬁ%'ﬁn teefg{hrn g%’tel)s onlgrangéﬁstgﬁ ' ré(?r 5‘2@?@%@3%8%@9@?%#%@ kidgney
(PK15) cdehmnstratedvimexampieeB; (tBBiltarbd oty sexjuleacé GSirV bar dBldotéd by
constructs) .respective . The transfections.were analyzed. by,

munof | SRS BRDBCIANEN AN adES, Hidk oI L p RS g red SRR Vie: YsSthes 1 e
nutants gqyldsdPpossasievs’diedt tReLHRFdd ARG 166169 shvtturaMelablelR) Piotéing bywer e
amplified by passage on the sane cell |ines used for the transfection
exper i nefies absgnaenel bindingyto spegific menedpnahantibadies Hatugeeonizeianakaiedat i on
of one s Vv ng, .C tarizati [ - rn

bl ot ai ¢ FVGOPtoEehs (21°F) Badt fher BRI it BsRho¥ 6 pefitiate Tl bk

pol yner asstablishet otbactisenAriidi G ROR)seatite deleBanpiand/os sgdatimisnaprofatirgetieCR

f ragnment Q verify .t resence of the desjited.putations in the viral
genone. . TaNase Sed ih (e abaH iuSts Wil sSHL i BiiEA P BinGds S Bsien® Al
of the XahiealyewBéh Védrs&edJdieWhe diezbbseseresultity Preeuaakhbsied Ipastidraunt s
of RNA just as the virus resulting fromthe ptasmd displaying the wild
type seqﬁﬁﬂ%’@.ﬂs- he viability of the BVDV nmutant was shown by transfection
of the res | spdd Lyl t R4 | t her aabh®atingPar t
of the ch [icietd ERbBGRENERY g Aghetts Lefertfio o nefsls 1, e dting
acet onel pestivimists,anethods day ptddecegfa epeciiichllyratieppetedopestivitds Naseineemnd2002
WO 991 64604, 21 PCT/ EP99/ 03642..1i nmunpf.l uorescence with a mxture o

EVDV- 5 pe BTN (0T ATER PV AT PES Y RT aGoBtg o DegaBsiiol] frethose e o
f ound posmidthods Yhgtimpto the aiictiohtionf oL el glytoprosdie @Y, winkhein aniidhRidseous
RNA showed no signal. Froma part of the cells transfected with the
respective cRNA, an extract was produced by one cycle of freezing and
thawi ng. Fresh cells were infected with this cell extract and proved to be
BVDV positive by BVDV specific imunofluorescence 3 days post infection.
Table i summarizes the different changes introduced into the conserved

o - . . 4 o T e Y M ~



NameSequence in RNase notif RNaseViabilityactivityof

nmut ant pAl CSFV. . SLHGE WPEKi C. . . . .. RHEVWNKHGACNW .

- ++C297-L...SLLAWPEKIC. . . ... RHEVWNKHGWCNW . 29 November 2002
-+C-346-L...SLHG WPEKIC. . . ... RHEVWNKL GACNW .
- +C 297- U3400 be/sagod-LA WPEKIC. . . . .. RHEWAKL GACNW . PCT/EP99/03642
-+CG297-K. .. SLKG@WPEKIC. . .. .. RHEVWKHGWENWY .
-+C-346-K. .. SLHG@ WPEKIC. . .. .. RHEWANKKGWCNW . - +C- 297-d.
_C;|+\g>ggég:_ﬁcgwty §WWeleﬁﬂ%EﬁﬂMH9&ggﬁa§t onhe- anﬁhg\é% o@‘w '
--C 345/ @lybodrotelSLHGl WPEKIC. ..... RHEVWN WCNW .

-C-342-4 pesziuMs@bVWElmdas for prtRIﬂcWﬁ(H@;d@le;ally attenuated pestivirus vaccine and
--C 3421 6 d S HAE W

e bR CEIARabY. 1986ling ReSt e, RIGRERRE Go. e, YRR AERRRS

- +C- 300- W&hod§¥é‘l@uﬁ%<ir@ mactwa'ﬁbﬁWN'ﬁﬂgﬁgﬂ\l\%)rotem ERNS wherein said deletions
-+C- 302- FJA SLHG

S °9‘*§&%f%@%§%@? S o TR R 5P Aot i i an

- - G- 343- \ak@mpldbl AENNREK CorrespdRidif@NKEBIENYther strains, of said glycoprotein.

820718 i RECET Eenet o7 SLAENRNK aaleipg to methods for attenuating

- +C 297- igk3tirdses, PeltiddéRbKbfoducing RISp¥ERKEMGHWnuatedr pestdfirusoxsesinerand002 WO
99/ 64604 22 PCT/ EP99103642 pAl BVCV SLHG WPEKI C. . ... RHEVWAKHGACNW . + +
8- 346-d Mmethpdpyfeperiectably 'abe#ulfmq%ﬂmmwaccordmaéeem iyerrtion are thosest far
RNase actphathbys Vast 'f'@tl'\é‘ ifadtiv s Eﬂfthé’" ?@ IR Mo T Saidh Higsdeed
with Vaccina virus vIF/-3 (Fuerst et al and then transfected with

t he respestivieisciDrrtivaters by ieletop mwtatq@napsfnm AININO @¢ldr&ifmtlmn3465|a$g

Super f ec d t en))

i ncubat i tgr?gg?t;%gqmwg bo%rlgrﬁkgubator) rt(egt"r%g‘ng%e%? Q%E I%B( vveren%lrysed and
pr ocessedofrespatetiry thenetbiin othefr sRlscobsAid glyt:ypmteldescrl bed bel ow) .

Vi ability, was det rmneda descri bed bel.ow .Exa Effect of different
mutation By IpRgit fonal wspresterariRdRe dnfingristib lepvaiant

mut at i On$>e9ﬁwtd3és R‘N@ﬂ&xﬁdb'r p'rdosucm‘g ERpecifipallyogttamiated pebtivinsnactink esrided

wi th the nmutant viruses. t.he infection was carried oui th a
mul tipli EPGHOLs for figtectably ?arﬁegs ng BeSBY'“t?eélaC ingttPotheninveniien @re &irus
served amahpgs lréuamg QM MactistiRass mg%sﬁo@@tnc@mss WHRITBInUSHé FRvase
negati ve control . 48h post infection s were washed twice with

phosphat @CHYIbf isr mcﬁvaatedmé)yaﬂw ﬁy@éqmcrf tb\e4hlﬁttdlae Tegiddue Bl positiop Z#6mas
Tri s/ HC ,g\la@ 1 A S efodriton
X100; O. f gﬁﬁéoxych l?r% g%ﬁ'ﬂ% ? /oso |um g’\écﬁg% §,‘; athW% ri'r] il/sa{e was

gi ven i ntcorrésponding thexetoom othdrstrainspoi Saléglypapwhsmn sonl fier B12, 120 Watt,
20 s in a cup horn water bath), cleared by centrifugation (5 rrin, 14, 000
rpm Eppendorf Centrifuge, 4C) and the supernatant subjected to

ul t r acentihef prggéntoinvérmmkpranidet alaiceines rindl drr ethen phbrascediRantompositidhsand
45,000 rpm.in a TLA 45 rotori Det erm natjon of RNase activity was_ done in

a total Veicharegartiggarly uefd f&rH?%@m@hbs‘ﬁxgcmdrﬁre%}meé\sﬁépﬁav\ams ighections
second cenbhid 449 atHepsiord, %Pfu?tﬂ@r §§bé(crt Bf e pPr@Eér(tﬁMérﬂ&Wr@Pa%ﬁ}o nBtHa§6- assay
buffer (40 mM Tris-acetate (p 0.5 nmM EDTA) 5 mM dithiothreitot
(DTT}). Ane erophrylamaand)tneaifnetﬂhef pestmmennfﬁttﬂansrle animalsCHasacterirasiin thalp ~, |

of 1.2 M_perchlori i i on on
Cce the f YEGHEC,aEREE: 15 LR AN 187 AR Meh et e o PRI an
Eppendor faceemirig folg inlentitie is applistataah dhivel ineeedf ofed et pvmﬂﬁlaaiid@ld and
an aliquot of the m xture was anal yzed by measuring the optical density at
260 nm udiERYMERL Ul t r ospec 3000 spectrophotoneter (Pharmacia}. In all cases,
the nutations introduced into the E''s gene conpl etely abrogated RNase
activity (Table 1 ). 29 Novenber 2002 WD 99/ 64604 PCT/ EP99/ 03642 - 23 For
the BVDV nmutant RNase activity was tested with material obtained after RNA
transfection without passage of the recovered viruses. Cells transfected
with the appropriate RNA were split 72h post transfection and seeded in two
di shes. 24h later, fromone dish, cell extracts were prepared and anal yzed
for RNase activity as descri bed above. To prove infection, the cells of the
second di sh were anal yzed by i mrunof | uorescence with BVDV specific

nmonocl onal antlbodles (Vélland et al ., 1989) and found 100% positive.
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Description of Table 2A: PK15 cells were infected with the indicated
viruses at an mo.i. (rmultiplicity of infection) of 0.01, incubated at 37C
. for 48 h in a C02 incubator, and then |ysed and subj ect 28 NbveriRbers2002est .
The acid soluble RNA resulting fromincubation with the different cell
extracts was oddegoki fi ed by neasuring the optical density a&cTRé®/meaz The
observed differences in RNase activity1?were not due to different anounts of
ERNs protein in the sanples since simlar values were obtained after

quant i fi fALI QARG a5 thY predin®ddntiBn | ROREESD B) plotBYD 98T Bl PlehaidiBh And

anal ysis of radioactivity with a phosphorinmager. Mreover, reduction of the
Ens concépegifigally atienuated pestivijuspsweharactgrizgd Bhthat dhe IRNgse: Aetivity tesidiagount

di d not R\"@ rbiash E@mhth{mvg@dyal ues considerably) indicating that with

the chosen”Cconditions the assay was saturated with Ens. CSFV strain Affort;
afl other viruses were recovered fromRNA transcribed in vitro from

plasm ds; e.qg._ C rom FV: ..C-297-1 fr C-297-L: etc.:.C 346d/Rs

Vi rus vvaLn roé'go%?e\é% l}\?o%e%%@sry¥gyarll ’Z('g%eé)g{}@gé%%% re\%? Hreprrgho ation

in pA C ggécifitaly i1salbampestidifusebehaespetiedvia thaNhd RNASRNActRiRiresding he

equi val ent fragr_re%k,\,g,er.i ved from pAl CSFV); control: extract of non-infected
PK15 cel Ycoprpteifl o pngetiftas 346- d control OD260 2.5 1.1 1.1 Description

of table 2B 29 Novenber 2002 WO 991 64604 PC f|EP99103642 24 MDBK cells

were infected with in vitro transcribed RNA, split 72h post transfection
and anal §Aweferd embedinfant fomalsaspacts vefeying) tafa praaassdor theeprephiadionms

proven byl f [ &8 : si,S i j t . virus
Fecover it TRg o OBRTE ESCuRELE 5" pEREGE TOL (HE rreflalditn, O beeidly
cont r ol ; labetedapéstivirose naccarfiiegt tedthbDiBYerdien| are thoaepprocésdeat etagiegitcithy of

CSFV after. E e inactivation. Taptest, whet her_the destruction. o e RNase
acti vi ty"\aﬁﬁfl%g’ﬁcggt%ﬁ%y(ﬁ%ﬂrﬂt&jbﬁi cirtYSSPINRRY i%??&@ézﬁ}"h Fh'@?&'vﬁgﬁ(tp\él

host) andamtiomx@ed/oNBiitRioneof at RRGUEAEEmMd Hcider 8aid %(9&%&&33146‘ d) (C346-d
in tables). Virus recovered fromthe CSFV full |ength clone w thout

mut at | onAA( PR eRsiERyed sephediment fopaalt @specteorieBing ¢ovir Precesihifes)the For
each mut ﬁ%ah&foﬁe?fpégﬁécﬁc%l { RieRGAtePH R AR ragsrg)'ceéé)w thlg%tga%‘aﬁﬁn Wi ght)

were used. The infection dose was 1 x105 TCI DSO per ani nal; irds of
t he i nocapenificalliyslabelai npestireses wceandingala \the oneentinn @re these Iprogasses | ) )

t hi ' A Y. j Lsol ati
i ts. oo BEURE HsElvation S0ulolGy e, B71C BRUREY ol BERALR SnbRP 7, "
days 3) Bwutationt@re l@caed al the amiredalcitds ahpositiop 0attor307Anarsd/oe posititad38&i | y

Fi gur e The ani | s. i nfecte it e W t.ype virus showed typical
oot ons s T BB i 8 10y e EsFD AR SeiBF 21 drenigy disnie Br s,
gentral W%@fﬁddig&ﬁédﬁlﬁmc(;jthéﬂ'@t(fjaiih@gg%aidglyditﬁ)rgigg;] (Tgbl e 3a). ;ﬁrgs igul 24

e recovere ormthe 0 (0] S an an on ays [, ,
ot oo Riyety pidrredgmbosivert dpalisspostsd AT ING 1 auRsp eosa, br L RRPATEHOR | bund
stage at oflgyeclicany Hitenhet .ié@swr&&est,m §rdcb§§gomevbrefb?arm bﬁkbé&iﬁlﬂaﬂy

anti bodi es could ge detected. In contrast, the animals infected with the
nut ant diadeled: perdivisuegs atcatding tostpaprmtiopTamsl ose progesses dejpdipattartee st ayed

nor mal (EL.gur.g: 2) r REX AL 1 BN ' j never
st opped na WIag'oﬁpOf?t‘égog'g«%ﬁ)rnoﬂ{ ?rre \%ﬁgﬁc%ﬁbdﬁ ﬁéeéérjggg\g\)gr %gﬁ?gg)%@ngybl ood.
Never t hedelstign bhmusatiomsedf shevamenca aeid rat positibe S46 dasidds tiibedvinfigareTo &r the kel y

replicat i nce all. ani mal s devel oped neutrali zi nti podi es (Table 3c).
o G NG SERAST Bl el SRy mtor o o asp S PR Ber S, ¢ oot
i nfecti opf sdifglycEFP%iR364Z Ani mal experiment 1Anim No.:infected

wi t hclinical signsfeverdi ar- rheaCNS di sordersano- rexi ahenor- rhages in

ski napat fii Zast i Bigfrirest emBodiment;dan flls 2apestsr Felaibe ito ar presesstfor the

preparation of specifically attenuated pestiviruses, a process for the preparation of

specifically labeled pestiviruses according to the invention are those processes
relating to the inactivation of the glycoprotein ER™S, wherein said RNase activity is
inactivated by the deletion of the histidine residue at position 346, as described in
figure 1 for the CSFV Alfort strain in an exemplary manner or corresponding thereto

in other strains, of said glycoprotein.



necr opsy#68C- W

T++++++++#78COM++++++++#121 GO +++++++#70C- 346-d- - - - - - - n.a.#72C 346-d-------

. n.a.#746346-d------- n.a. Description of Table 3a: 6 pi gke@November200d and

race; about 25kg body weight) in tw groups (each group was housed

separately) were included in the study. 3 animal were infected w th CSFVW

(1-105 TADSO and 3 animals with C346-d (1 105 TG DSO) . Rectal

t enper at ur WORMEHRS i ni cal signs were regorded and summar i 2 BETERW4i | ed in

the table; n.a.: no necropsy was perforned. Table 3b: Blood cell virem a

after test inf ecti on Ani mal experinment 1Ani mal nunberinfected withvirem a

at days post

[ nf ectio 7 8 LRt +++ hEt 2C- 346
..... R St el EhntpLiiol d TSR Gt dféS

det ect edubgfutioc the propbylarisandofexdchemt bfrpd%lﬁiz&:s:eifécﬁnonﬁirt animats.ubat i on at 37C

for 72h $§I I? were washed w A xed wth 1 ﬁL acetgnel met.hano

and anal y28%'9%6r " féc APRT b{/h H?ﬁ?f)?B "U’(?ng'&erﬁ@ée%? 4 Whd I%P@Fc’a‘ﬁtl body

speci fi caé&¥rd@lh)6 s Pvehtiod-tdr (erprophfiaxiéiddtnshtfientbf pd&QRiis infe@fbnblany enber

2002 WO 99] 64604 PCTI| EP99/ 03642 - 26 Tabl e 3c:  Devel opment of CSFV _specific

serum neﬁf"l"aﬂ?’zéﬂl%n uftheeraspagt thei preseiy Jspetipnogaigles Ao the use of a

70--1: 18% %06@&(4‘ AABRANG B the mvenhon for the gl)roi)hgams and

72--1:181:541: 4861 1458 14581: 4374pig # 74--1:61:541:162 621: 4861: 1458

Descr i pt treatnudnt DhpeelivBys idactiansdg anmalss of pigs infected with virus nutant

C-346-d determned at different tine points during the animal experinent:

50 NI of the diluted serumwere m xed with 50 NI of nedi um contai ning 30

ggICDS(iogfn aﬂomfémér@SF\he%ré@él%ZWémng@w)s to ﬂefetLgsb o98 vatdw‘ &zoidirgtbatd on at ! e
: of ¢ X cells) were a xture was seede

1 06 wenbengPitGe mantictirs ofa faicabenoqbR Srarnans and fedent eSS

acet onel wRichaizah aa;ﬁmsanal yzed for infection by inmnofl uorescence with a

nonocl onal antibody specific for glycoprotein E2 (mAb Al18, Wil and et al.

1990). On day 69 post infection the animals were chall enged with 2x105

TC D~ of In@@Féhrﬁﬁér%isﬁedEMﬁé bta@enﬁmnha«b}eehtgé 6Re Likeofl .@ﬁaaacewéalm di l'ution

resultin n conpl et ralizati.o t virus., Exa e. 4 I nduction of
ot ot | TSR PESP S e AMeBioAn the mRASB e AL F e e

whet her pdaphylddisarid tesatmbntiof pegivirud infilctionsii anifags. | ed to a protective
imunity, a challenge experinent was conducted about 9 weeks after the

infection with the CSFV nmutant using a highly pathogenic heterol ogvus CSFV
strai n (Eestyiresey sandign nyeleds rmaids ch@rﬁ*frgemu thg) inveRtiens are psefubfaclive us was

used for c&l?\glohéﬁtg(‘c}f'ﬂ}ham&ﬁg? st nF Y5 a"BRecind "Tﬂefvé?oh? & fré&:'r?nt to

i nduce leth di sease I n sever precee ng experiments (Konig,
However , investiemiaktes inpadvitbersaspechfatheasdendlt & peplevinGsof timdinventien and/odi d not

show symgt kot cfl G533 Sl (6P Rld FRSSRNEG ORecilt DEFn RURE Ey 0ur e

3) nor virema gsul I'ncrease I n neu IZI ng ant1 bodi es
i ndi cat edogmpositiot.i ve i nfection and replication of the chall enge virus.

As mentioned above the inactivation of the RNase activity residing in glycoprotein
gRNs provides a surprising and new method for labeling pestiviruses.

As a consequence one aspect of the present invention relates to methods for
distinguishing the detectably labeled pestiviruses according to the invention from
uniabeled and possibly pathogenic pestiviruses. Such methods are especially useful
for tracing the efficacy of labeled pestiviruses in animals. A vaccine treated animal
will prove label-positive after obtaining a sample of such animal and assaying for
said label. Unlabeled animals and especially unlabeled animals that prove pestivirus
positive can be immediately sepa}ated, isolated or slaughtered to remove the

imminent danger of spreading the pathogenic infection to other animals.



29 Novenber 2002 WD 99! 64b04 ~ 27 PCTI EP99/ 03642 Exanple 5 Confirmation of
attenuation principle To show) that the observed attenuati on of the nutant
virus is indeed due to the deletion of the histidine at 200Ndvientber 2002 of t he
pol yprotein and not a consequence of an unidentified second site nutation,
the wild type sequence was restored by exchange of a 1.6 kb Xhol/ Ndel
fragnment of the full length cl one pA/ C346-d agai nst the correspondi ng
fragnment of pA/ CSFV displaying the vMI??atype sequence. The fragnment excised
from pAl C-346-d was anal yzed by nucl eoti de sequencing for mutations. Except
for the deletion of the triplet coding for histidine 346 of the

pol yprotein, no difference with regard to the wild type sequence was found.
Fromthe cDNA construct with the rescued nmutant, virus V(pA C 346-dl Rs)

coul d be Thquesed trtvamugr evortgieal Ay medhad der wietdctaplpe lahaling aé@hvyhmd

o AR e ot te' RARisE i feitad ¥ QB CaPRRIR £ RS i Rbret N

nut ant waﬁuySfedturé\gcﬁl sdrie 6f R BBVt rersm.@% .hhm@eock; bfn&itémvue'r‘“é$ esed.
As the animals were ﬁoun ger (German | andrace out Z than those in the

first exfastviesges ofd emvmttgscmw enablgs foideiectably labeling, i RASUYIAISSSt | e

A Tabl
507 gur %5 el Jotdied shi buphocded RRRUAGEL SACHESHPBe L Bion Bie 271 ©
ani mal s dehseinoperd presdncel oleRNgsarat:h\btyobfetheaglyzbomteumEﬁT eopenl :sxgammsanca

| et hal CSFV_chal | f d b fecti
24105 TOHSAP BRATENGETS AEITY- S A RETLA RErents & Aeearon I ni cal
si gns af t&izybiadit| fnaiy a,?dnt bﬂahﬁwq:%r sampR SbmyRfhdIar padtivirdab ol Mtérpst bn

n

contrast to the pigs I cted the deletion nmutant) the animals

i nocul ated with the rescued wld type virus devel oped fatal classical sw ne
fever. One anima! had to be killed 11 days after infection) the other two 3
days later. Al animals showed typical synptons of classical swne fever
i.e. fever, diarrhea, annorexia, and pathol ogi cal signs |ike henorrhages in
di fferent organs including the kidney. r 29 Novenber 2002 WD 991 64604 28
PCT/ EP99/ 03642 Table 5a: dinical signs after test infection Ani mal
experiment 2Anim No.:Infected withG nscal signsfeverdi arrheaCNS

di sorder sanor exi ahenor- rhages i n skinapathi anori bund at day of

eut hanasi ahenorfiages in organs at

necr opsyff43C- 346-d+' ------ n.a. #47C- 346-d------- n.a. #87G346-d------- n. a. #27
G346- dl RS++++- ++ - +#28C- 346- dl RS++++_+++#30C- 346- dl RS++++- +++' feverfor
only 1 day Table 5a: 6 piglets (German | and race; about 20 kg body wei ght)
in two groups (each group was housed separately under isolation conditions)
were included in the study. 3 aninmal were infected with nmutant C 346-d (5~
104 TADSO) and 3 animals with C 346d/ RS (5104 TCIDSCG. C- 346-dl RS was
derived fromnutant C 346-d by restoring the wild type sequence of ERNS
gene. Rectal tenperature and clinical signs were recorded and summari zed;
n.a.: no necropsy was perfornmed. Table 5b Diagnostic RNAse test with
viruses recovered frominfected animals during vii-ema Al fortani mal #3



C-297- Kani mal #5 C 297-Kani mal #27 C -346-d/ RSani mal #28 C - 346-dl RSani nal
#30 C -346-d/ RSCon- trot4D21. 840. 600. 561. 841. 931. 940. 49 Viruses recovered
-formthe blood of animals 3 and 5 at day 5 post infecti @9 Noventber200p8! S
27, 28 and 30 of aninmal experinment #2 (described in exanple 5) at day 7
post infection \ggrg propagated in tissue culture, titrated gRgedsglegd for
RNase acti vi“f(§/99' 8escri bed above. Non- gaf ect ed PK15 cells and cells
(control) infected with wild type CSFV (Alfort) served as controls. Aninmals
3 and 5 had been infected wth nmutant C 297-K) whereas anjnmals 27, 28 and
30 had bedPRlefpldbeae! PniPebedermed auerrdingdo Handarg wathadlsi 25 tRkexarpple,

Exanpl e , GiELARstif EXansi9e Dl & ilWufiePBr Wiadd)n ERNs To test the effects of a
double mutation within ERNS on the ability of the respective virus to

repl i cat eTherefore imaptaferredhersbodimentdhe preser daention selatemtoa ranvalvitesipethperant
was conduc e TV - = L) I 4

Carv ru | Chtbghicho AU oRACT, RS 305 ehimah M5B AR orccaly

wi t hout matienuated PESpYiLGSIEEprding ceihedsventions compeasiogribe dollowiing slepsh nmut ant
th i glet . Ce | and - about 25 Kk d i ght d.
The i nfect fon ddbe ARETING B s 36 S ARl otéfd SipPeicaH ndBurus 'S

i nocul at e was adm ninfdcior @r biVatanagaddimal.one third in each nostril), one
third intramuscul arly. Bl ood was taken fromthe animals before infection
(day 0) and on (ghysD&termgining hgq apgenss, qedpiassnce t ehpBNasgr @iy refcdt ded

daily (Fig. 6). ThegamidiBlem E™FeGHHE sWididhhhg; doubl e mutant did not devel op

any clinical synptons, and the animals never stopped taking up I%%Od' The
ani mal s showed (3p fwealatingethet dlesenicel of BNpee iantivityalbof glydoptotemnE el with 51 2

causod by i njury of RRRefetAni s rohGREmq pRERLR SR By PG T,

an antibiotic on dgyesliOyud mfgeibatofisaidratimaned to norrnai val ues within one
day (Fig. fi). For all animals virus was recovered fromthe blood on day 5
whereas no virem a was detected at later tinme points (Table 6a). All

ani mal s dqwal pR&ENN§MNrNbn ~BINBe8NbbORAUSESs (ihabhvatd®)in iir FNISY atRlily the
neutralization titer was agaijfdeterm ned about 4.5 nonths p.i. and was
found to Kesiding3nlyqopsetein e | iedeleban and/or mutation. Such pestiviruses are

easily detected because of the structural consequences resulting from such

deletions and/or mutations. The sequence difference of the ERNS

gene coding for the
altered glycoprotein ERNS i detectable by sequencing techniques or PCR-
techniques. As a result, the present invention provides in a preferred embodiment  an in vitro
method for distinguishing pestivirus-infected animals from animals vaccinated with a
specifically attenuated pestivirus according to the invention, comprising the following
steps:
(1) Obtainin@ a sample from an animal of interest suspected of pestivirus
infection or a vaccinated animal;
(2) Identifying the nucleotide sequence of a pestivirus genome or protein
within said sample;
(3) Correlating the deletions and/or mutations of the ERM nucleotide
sequence as present in the vaccine with a vaccinated animal and
correlating the absence of said delelions and/for mutations with a

pestivirus infection of said animal.

Furthermore, the structural changes resulting from the altered protein sequence of

RNS

the glycoprotein E ~ of pestiviruses of the invention can be detected by specific

monocional or polyclonal antibodies, that do not recognize unaltered proteins.



with the double nutant resulted in long |lasting i munol ogi cal nenory. Table
6a Test for virema Days p.i.5812Pig 4511+ Pig 45111+ Pig 451111+-- Table
6b Neutralization titers Animal day Oday 20 29 November 2002
p.i.4511-1:128451 2-1: 256451 3-1: 256 .r 29 Novenber 2002 WO 99/ 64604
PCT1EP99/ 03643 ospbhsdaxanpl e 7 | munogenicjty and attenuati on gureresgee of the
BVDV virus "B 346-d' This experinent was designed to investigate the
attenuation principle as well as the inmunogenicity of the BVDV virus

, B- 346- d’ Thesefotes incalfuithememtiydBndatsthe prgseotinpantiom gelates toi t ém inhvtro, rBetidd fori 1 us
recovered from pA/ BVDV/ | ns-. The virus (B-346-d' is of course nutated in
ori gi nal W‘ﬂ&'{‘@ PEAlALS- 'B(?ptqﬁiaamwahér@n@n'ma'sm&neateé witeam gitenyaied

relative pbostvitgs Q@f&aﬁld@rmemhw%ﬁﬂﬁsﬂf q theQUAdwihg s ;’éysee groups of BVDV
ser onegatl ve ani na 3-6 nonths of age were sel ec(tJ G oups 1 and 2
conpri sed 5 anftiral Lklairtngvai dasple digon ancanipel ot itgeahbusiestedral pesliviras
group 1 and 2 were I tion of 2x106 TCl Dso of B-346-d
(group 1) or B-W %@Eﬁ&r‘igg?%ccﬁﬁé?eﬁaﬁrﬁﬁbf 5 m per route. Animals were
infected intr dzmusddérarfynyxg(aghnﬁdeu Eﬁ'i‘?@lﬁjqprmtam ahasaiuleyuand pashatisameous| y

over scapul a a 0 f 14 _da r infecti rem a adot h
g(gr\(;ups Wagum)nl torgée ?F%?ﬂjﬁhg‘ﬂawgnﬁf( Q‘ﬁ‘@ﬁ?@?ﬂrbﬁ%y %'I'? Ht é’meé té’ngav:%)rus
sheddi ng in nasal ghgldprotbiisa@réddn®nin CLdiddi %a}npw%lmet}r;]@cédrb@ﬁse%g
tenperatures, white bl ood cell counts and general heal th parameters wvere
nmoni tored. The proteedifigd 'P)f‘rrﬁjrﬂ‘?shoég&fl@@ﬂ"@n to nthec dnvention.: wheseby said
antigenetically hegﬁr%é?&%lﬂ% éféﬁé;ﬁg.boﬁ'\é[?v?(% %%if}r%ﬁd (& Wbmdiffeg ERNS

i nvestigated by challenge I'n ¥ ety er Intfection o e ani nal s
of group 1 with B-giogrotdinsnal s of gr oup 3 served as chall enge controt and

wereinfected cording to the pro re.for the ani mal

the vi ruont Bebv (CCEitnd e b, Priund ofssagarigeiag Hyppsbort
anti genetic grOUp (ah)iB@d:bk)wulW\ﬁaevﬁﬂz%\étM dRiR40afld VédriiSathR) Megdabiéhdehss
antigenetic group (t g according to the classification described by

{Pellerin, C et. oqgéw)dmmd? i PeslYirusy ffectiorapl saidyanimal Eeft’%fd"@y
adni ni stration of %}‘(;\ﬁ% B%tt?ﬁeoare@@é b pb&lviral ﬁ;lz?rénémnasav@'ammalosn&om per

route. Animals were infected via the intranuscul ar | uteal nuscle)

i ntra-nasal and sulb®aigsateplads esjablishedwthergisepul a) . O/er a period of 14 days
after infection virema in both groups was nonitored by paraneters |ike

bl ood cell virem a and virus shedding in nasal swabs. In addition, clinical
p r net er\§ce ivieesa, dlcisahlso grmssibbet tor ésl)szlhietaitdnéab(anddhbtenymjmmrahdlagetwr al

heal t h S (e rmnit ter i fectlo th B-3 | s did
ot show AP BY A5 srRre of bRt Ia SPaste, Fobnit ot ppiFiosatRiedRse o
t enper at uhat temgsnas mnél&iﬂdeglyablot@fnseﬁﬁrs o il mbqrrys@dddquaésmmtsms (not
shown) . I\g' mber 2002 WO 99/ ’64604 ~ PCT/ EP99/ 03642 The redu bl ood
ce VIr r |

| 9 @B?’“&?f‘d I ArRfe eﬂ‘?@cﬁﬂ‘ 'FW"hH‘?a’P‘%%‘H@V‘%WQBI’E a&‘c‘;) tog g

clearly ing] 2}%@ n‘%ﬂlgﬁ%rgﬁcﬁﬂd@lﬂ}gﬂgsﬁnﬁ S e@teﬁ%ﬁﬂ?&ﬁsﬁ%@%uﬁalﬂacc—m@d%tnu' ent

BVDV|soIate eln anlma virema with

t ypi cal ﬂ’g?ﬁe%ﬁ‘@ mwﬁﬁé@@mmﬂoIWQ‘(@W@'@Q'&IW‘E‘&E\Q&PQrf@“qwm #8B% over a
period of sev t RERd nded
bl ood cel | ?efn a 2 i B#‘éa:gﬁmé%m\ﬁr%’gggwkaggﬁﬁg I nﬁnsgjjsggg&smzb)p}iﬁw (Tabl e
79). In contrast) sufectwinsoraf vagpcmagedlanimial;ch had been vacci nat ed by
infection wit 4 did show al l'i ni to _t p'c for a
BVDV i nfectio )aftH%“fFYé"Q:r?é'l Ha 'fmf)ff cti éﬁy‘iﬂ”{ e'f‘hé? b’b\aihiesol ate
#13. There was no_spédifid | Biadhg! BFV:%BEGCIb«E‘aIV ot %ly&l%ﬁﬁﬁrﬁh’%éﬁesafd geRns
infection (Table 7 The observed | eucopenia was very marginal with regard

to magni t ude and dgyé@mr@tﬁu(-srme%eﬂrel)l said |vDlec odidl diycapseleiasetolf bemgt he
bl ood (Table 7f) u d S
exudate coul d be d %?Tabmt}(?? é&ﬁrear"éé og)eqﬁg ?' dong %ﬁ?%lbé %%g d

i nduces a strong |nnmncbytammcﬁolmlmlamtmduﬂseﬂochomwﬁi tcsugndlfledlh':u

sheddi ng and bl ood IceI I gé rema after challenge infection with a
het er ol ogous BVDV $¥GPRIPE!

(3) Correlatling the specific binding of said monoclonal or polyclonal
antibodies with a pestivirus infection in said animal and correlating the

absence of antibody binding {o an vaccinated animal under the proviso



Tabl e 7a: Mean rectal tenperatures in group 1 (B-346-d) and 2 (B-W) Day of
study: 01234567891011121314G oup _

138, 839, 139, 038, 738, 838, 738, 738, 538, 738, 538, 538, 538, 43828 N8veiftbé12002

238, 839, 038, 93S, 638, 638, 738, 638, 439) 138, 438, 738. 638, 738, 638, 6Ani mal s of
uroun 1 wekrgydgifsgifat €d at day O wit'h 6x10 Cl DSn B-346-d. whermraaesnim nal s of
group 2 were infected with 6x10~' TCl D-1@-W. Fig. 7b: Blood cell virem a of
groups 1 and 2 G oupAni nal First day nasal sheddi ng recordedFi nal day nasal

sheddi ng recordedRecorded duratjon of nasal. sheddjn a Mean, duration of
oroup (days) 1166008 Brareses ShEBeSaIRETARD SprhoTmd SR Ak Fog2 O
99164604 32 PGT1ERQQiDRSHG SthéAwi8d47410485 EDTA bl ood was sanpled daily up

to day 10 post infection with B-346-d and B-WI, respectively. 0.2 m of
bl ood were added to each of 3 cultures of calf testis (Cte) cells with

medi um copt @urkd) GtHaC BRGdlral IndiihitABn bR PILRLARE & Mkt RR@Le ANLRY i9MRE NI ght

i ncubation 1 nocul um medi umwas replaced with fresh nmedi umw thout heparin.
Af t er i niabelad drusesrof4he gn@ndiap vill B inrdideneat ircmbine regpansgstie angalby

i munef | yar escenc Lt h. a I onal .ser.um ific faqr.BVDY, .Negatve

ol or e WEREERMETdS R ORRuRBITh S el ol A fec i ThES 4 1
a secondpestbdrages onhtha mvertidrs eficit 8 @liffdrent ddik delingnarmaie Bdp¥nsd addiiglarc:

Virus shedding in nasal fluid: oupAni mal Fi rst, day nasal. sheddi ng
recor ded® Al e umeral ‘%é&&?ﬁg@%w'&%ﬁﬁ%’é‘ﬂ BFSSibly DathaassiciERTERR d | n

responses. For example, glycoproteins EX° according to the invention will result in
polyclonal antibodies that are different in their binding specificity when compared to
polyclonal antibodies resulting from unmodified glycoproteins. This difference in
binding specificity provides a label for distinguishing animals vaccinated with
pestiviruses from the invention from pestivirus field infected ammals. Tests for
screening sera for specific polyclonal antibodies that either bind to a wildtype epitope
or a marker deletion mutation of that epitope for the purpose of differentialing
infected and vaccinated animals have been described, for example for
pseudorabies-infected and vaccinated pigs (Kit et al., 1991).

In a preferred embodiment the present invention relates to  an in vitro method for
distinguishing pestivirus-infected animals from animals vaccinated with an attenuated
pestivirus according to the invention, comprising the following steps:

(1)  Obtaining a sample of polyclonal antibodies from an animal of interest
suspected of pestivirus infection or a vaccinated animal;
(2) Identifying any specific binding of said polyclonal antibodies to
unmodified glycoprotein E™S or glycoprotein ER™  as modified
according to the invention.
(3) Correlating the binding of said polyclonal antibodies to unmodified
glycoprotein EMM® with a pestivirus infection and correlating the binding
of said polyclonal antibodies to glycoprotein E™™S as modified according

1o the mvention with a vaccinated.
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EDTA bl ood was sanpled daily up to day 10 post challenge. 0.2 m of blood
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or oup) 1134 A9 R %@%&%&i@%fo%%:‘fﬁ’ff%?ég?’%‘&%é?& Toxadate vas o
i ui o wadSrMRBUR YaRe o ey 3o S0 S R Bl Vs ey o
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2 m of fr h medi um After incubation for 4-6 days BVDV infected cells
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29 Novenber 2002 VYO 99164604 35 PCT/ EP99/ 03642 contai ned the histidine
codon or not. These oligonucl eotides served as upstreampriners in RT-PCR

- reactions with oiigonucleotide ERNS-Stop as downstream ¢ NewembeNZoq2urifi ed
fromtissue culture cells infected with G 346-d, CGW, GC 346-L or C346-K)
respecti velye od¥akgy Used as tenplates. Reverse transcripti griapodideid heat
denat ur ed RI\?A(Z mn 92C, 5 mn on iceldn 11.5 NI of water in the presence
of 30 pMol reverse primer) was done after addition of 8 NI RT mx ( 125 mM

TrislHC _pH 8.3, ,182. 5 nM KCl , 7. MCl 2 dithiothreitol,, 1 25 mV
of each agi'ﬁﬂ?"ﬁ%P,é"a%?ﬁf' %@1’%?5'%%"3@8%9&9@W(%%EPQ%&L%D‘@

Ger many) apbgof réaivirds gREspiotdlh whidH idieshnedtediziy SRibodkgaenss aft, of
Germany) for 45 mn at 37C. After finishing reverse transcription, the

t ubes wer edgistfide-linkedheteipdimgy. ¢ Yirolegy %%‘5%3&3?@-3 MM Tris/HCl, pH8. 3;
33.3 MM KC; 2.2 mM MgC 2; 0.42 mM of each dATP_ dTTP, dCTP, dGIP;, 0.17%
Tri t onx186;Weiland, BeoiteRscHank.dRhWWeitand, 5. angd Thig), botly (1992eA(RseNd gene)
Hei del berg : [Wpi-1s S
used, the ?gﬁ?ﬁﬁ%’@’a& é&ﬁqae%t%vlﬁé@ét{%{%ﬁﬁ%@ﬁf gﬂ’ﬁgﬁuﬁ%%gﬁ °E%|VW§C‘£\% on
was carri eVirology 66, 367 t3682s (30 sec 94C, 30 sec 57C, 45 sec 74C). 1 N of
anplification reaction was |oaded on a 1 % agarose gel, the anplified

pr oduct s28WWindisets i SdimetdercRr, Gténd, Bs,iWeiland, B Meyers,\@.; hne Thiel] W

brom de. deppnstrated in Fi g. 7 Eﬁrj’l me[ %HR a H—fl 81 E'' SStop all owed
to specifidalPY0e-aRppse P! LIFHET FWine, &Yef VBHY RRIRCEEMICE! FhatgctanigaliRn épdon of
codon 346 iR i&]@—ﬁelﬁ?raﬁkti&fﬁ\ohwoﬂﬂ'aﬁﬁﬁo&@é’@. Varbl, qssm-géyct S

cont ai ni ng codon 346 were anplified and no band was observed when the RNA
with the deletion of this codon was used as a tenplate. Priners for RT-PCR
upstream O H 3: TGGAACAAAGGATGGTGT OF H+2: TGGAACAAACATGGATGG A H+3:
GAATGGAACAAACATGGA downstream O EExafiples: GGAATTCTCAGGCATAGGCACCAAACCAGG
29 Novenber 2002 WD 99/ 64604 3s PCT/ EP99/ 03642 Figure |egends Figure 1. The
first 495 am no acids as expressed by the Alfort strain of CSFV The

sequenceekafipléd BEeWsratiba JfiRISascAABg AN PestPVifSs Afutany essed by the Alfort
strain of CSFV (Meyers et ai., 1989). One nononer of the glycoprotein ERNS

of said strain corresponds to the am no acids 268 to 494 as descri bed by
Runenapf Al ) L Ghu 9 3L /N 3 7.fe ing the
regi ons g ore\n ng&%?r@ of(g{ﬁt% §b§‘| SE’tNa\ a?y“% Sngé{ RNasg‘ge)Eeg%ﬁ%eiacrﬂ’erR@gtéggM,
1993) ar pABMRY I(Megedrs &tiajur1@98b), Rem whichdnfestiaus cRNAucae befotdained by iaf t er
test inf i iy rect r e e till
day. 16 poie' Fhbldn SEskingh PBS Bhilriiel” Fo RSNG ] AR rabrBR B2 [
of the gpAIGSKVIfwest eldned tiftot pR¥iuesaript SK ALCSRM) Xtcloabd Smoals Hor ijDVdea i ved

f | 1 | CSFV it i V(pAl G- 346-d Lved f id
oat ¢ 3aooyBfh el asc iARVEVavaREial R i gt pEMEESe bl M o
L 2T post el L e T D aral | ondoq ot Ch oot hat  dosi

21 post _challenge virgs infection, Anjmels challenged w th.alethal dosis

of the cagsprdng tpdhgdnethpdiaf kel (nkelehakn198()cus! 46- d
V( pAl C- HAYeMIsi i ' 'ﬁﬂaq‘

Eegrger at gﬁéRgﬁia\a/@?}s dg{w gn fuggfe%t%ng?cr%@ggﬁrg%do e?'@"fﬁﬁ 'E? c aPIagrP I\gél with
2x105 TOwBSocdnvertedhte @3Fble cstedndsngzing tthai ‘Rhagemidifin RitgeirMutagemesis Afit’

t t " ani t el ' ' ' : t
od s ool SRS Gt YRR RighFRURhIEB SRR VBl k8 ShprihErPy 2t

generating the desired pestivirus mutants are listed below in an exemplary fashion:

C-297-L; AGGAGCTTACTTGGGATCTG

C-346-L:) GGAACAAACTTGGATGGTGT

C-297-K: ACAGGAGCTTAAAAGGGATCTGGC
C-346-K:  ATGGAACAAAAAGGGATGGTGTAA

C-346-d: GAATGGAACAAAGGATGGTGTAAC

B-346-d: CATGAATGGAACAAAGGTTGGTGCAACTGG



tenperature curve is detailed for each aninmal of the two groups infected
either wwth C 346-d [V(pAl C 346-d)] (dotted line) or with the restored

- virus C 346-dl RS [ V(pAI C346-dl | ~s)] (continuous |ine). 29 Rovéiavernteo2 2002
W- 99/ 64604 37 PCT/ EP99/03642 Figure 5. Rectal tenperature after chall enge
i nfecti on aoiwmicoexperiment #2 Daify rectal tenperature westepnmséed at
days 1-10 post- challenge virus infect2@n. Aninals challenged with a | ethal
dose (2x105 TCIDSO) of the CSFV challenge strain Eystrup had been infected
with nmutant C 346-d 37 days in before. Figure 6: Rectal tenperature of
animals treated with a double nmutant according to exanple 6 Daily rectal

t enper atiree doatsle rsdmaodeléd)lqnnhierr&AqumﬂBeat tiar framgfernvatiars of B (mlit Xboh-Bhud h

mut ant 97- L/ 346- Discrimnpation be C-348-.d and
G810 SipEpneR ERPla il SHPRIES AR RSBR WEraPOINES NEcPRII ¢ o
exanpl e ghigotioh! | RSMRAI DNAL Wwhs3| rbphrdd S PiusthbPVEnaigz&depy f h@@ébﬁd@rml i fy
a band derived from RNA containing the deletion of codon 346 (C-346-d ) as

descri be®auangag absing n thecahh| BolgMerasec sipargseing rKiA, (RArmasid)ai Riasgidsi d
del eti onof, ﬁmgClh el ddsfea8Ghulibhs sa?‘u'ddn@rée%ﬁd Q%rcr(a%g% w§§6§e§f1foﬁt 6-K).

b) And c) T er two priner conbinations (O anpli y
bands deaangtrdctionoph fRNAenthathM done@dntthe wape of @éﬂFé{ |a)%hol/Nd@Hﬁag®¢et

2 and ) mulehad AAGREwPRSREXEC, HARRNEND aThRGRdAS dohEh on
Novenberdezved Mﬁ?%la@#ﬁd)@m?ﬁg r(m«a*atxﬁéx P&brftbﬂ:lﬂ?991\(ﬁ)?@ﬁ?]8§lll Hrégr??tvfmm ne

oy Copr GVRCEF RO PATESEVGE Witbno) Snaiioil e phartheLBEPH E87 et @ sai o
RNase a@tnd;sfgm fr§gr‘n€ﬁtcédﬁ{§|h§@ th¥ dé@ét%wwébsuﬁe%@ﬁmm&@smc&fwm{ xhgpst one
amno acid sai d rot el n. . he vacci ne according to claim 2,

wher ei n ans blCQbFCéleitbﬁfsW& i cE’rg“HﬁltCQt ff@@ﬁ'%i\lt dsolatedt Bama pAVBUDYfinsro HeMts at
posi ti Orbgégg?;ué\l forﬁvﬁ\ﬁ{n%r ROSLRARN \§§$ tdndortbe PSS Yildedbd fhoyre 1

for the t strain in an exenplary manner or cofresponding thereto
in ot herncmcmpampgemcﬁvmvgbyn@pnsteetlm iMsuitbte c&ilsc(Mwees:ebaldnSngb any

on s ol B e et TR Y, b s 0E SlBB N

figure ]pré@éndehfbf(:ﬁ‘ré\/ desiredt naitations iwasanprexempbyr PNAansejuenking. After
linearization with Srfl (CSFV full length clones) or Smal (BVDV full length clones)
cRNA was transcribed as described previously (Meyers et al.,, 1996ab). RNA was
purified by gel filtration and phenol/chloroform extraction and used for transfection of
porcine kidney (PK15) cells or bovine kidney (MDBK clone B2) cells (CSFV or BVDV
constructs, respectively). The transfections were analyzed by immunofluorescence
with virus specific antisera. In cases where the desired mutants could be recovered
(immunofluorescence positive) the viruses were amplified by passage on the same
cell lines used for the transfection experiments. Further analysis of the CSFV
mutants included determination of one step growth curves and characterization of
viral RNA by Northern blot with virus specific cDNA probes as well as reverse
transcription polymerase chain reaction (RT-PCR) and subsequent sequencing of
the PCR fragments to verify the presence of the desired mutations in the viral
genome. In all cases the presence of the desired mutation was proven. All of the
recovered)viruses grew equally well and produced similar amounts of RNA just as
the virus resuiting from the plasmid displaying the wild type sequence.
The viability of the BVDV mutant was shown by transfection of the respective cRNA
and splitting of the cells 3 days thereatfter. Part of the cells was seeded into a 3.5 cm

diameter dish, fixed with acetone/methanol at the day thereafter and analyzed by



corresponding thereto in other strains) of said glycoprotein. 5. The

vacci ne according to any one of clains 1 to 4, wherein said RNase activity

“is inactivated by the deletion of the histidine residue2eaNoRembel 8602346, as
described in figure 1 for the CSFV Alfort strain in an exenplary nanner or

correspondi ng thereto in other striains, of said glycoprotein. 6. A vaccine

according to anyoggeRf claims 1 to 5 conprising a BVDV pespidifodgrsaiher ein
said RNase activity is inactivated by 2he deletion of the histidine residue
at position 346, as described in figure 1 for the CSFV Alfort strain in an

exenpl ary wAGRSuBFes6idee @ di ﬂﬁxﬁjﬁﬁrcﬁt eVDV- gtehme B.\dat{custaﬂaianﬁbod@fs Sai d

o1 yeopr ot oretaridsel 875 T Blioall et dotel oretin oot EETBoLPIR: | cast

one am no &ansieciéd Sfalhdn@tu)feamuetfeun wotMedtrheStghaMFsmmdnaiant betrntélg aci ds

t iti 297 346 d i bed CSEV Al fort
o DoeT L Rl R v el SR S8 b el B BRe BB, oL o
sai d gl ycopeetitg ancdithawingt Friegs icalts. wesblBBddiddvih SiiEEell dxdRaliEanGiroved2d bblovenber

2002 WO 99 991 3642 8, rus _af . claim?7, wherein
sai d RNase g@@?‘b".s&‘ye §§ VR peﬁgferﬂmtﬂ"(’ﬂé'gfe%fg"c?ﬁs r¥8|f’8?‘ 'ﬂﬁf{‘ﬂq ons | ocated at
t he ami no #sbldd summarizes ttendiffélent mahgé's mtrdtwredgoteithé oonsed&edt seqBéntesas
deser | bed plEbeqtBadnhind AfafEFesth LR b (L T WA L EXSERIGLY, fENNeT O
correspondi ng there t StTa al ns, of sal ycoprotern. e

pest i vi r usindicateldaifirgs mutﬂﬂtSB, wherei n sai d RNase actl vity is i nactl vat ed by
del etion or nutation of the am no acid at position 346, as described in
figure 1 for the CSFV Alfort strain in an exenplary manner or corresponding
t heret o i nTabledr stral ns, of sai d glycopr ot ei n. 10 The pest| virus

accordi ng YEey }

i nacti vat ed BS? the deI et| on @F”?'P%“ﬂl s%i"}? resi due at 8 ?tlp 46 as

descri bed {nsdkhgtie rEEGS o putat . - o;

correspondln thereto |rt ot er stra| ns, oF sald Yv\éc rotein. 11. A BVDV
pest i vi rusc‘ég70’or di ng-PHLEAY BRE6f - ol aiRiEE W N i H rei n sai d*RNase
activity i&3Glacti vat SHHIBIWREKIEL et i orRHﬁWNELIﬁi‘gﬁWne resi due at

posi ti on 3d@97-amedescsithed wpefkdigur.e . 1. RBEWRELGSFENWiort straikn in an

exenpl ary gmeaer or coi kespepdikie. ther 6t @ewn Rukpw MWV strains, of said

gl ycoprot epn,e 2. A ngggeg'gv ggquCcodl ”QRHEWQKKQJN%WOt ei n ERNG, wherein
t he RNase act|V|ty r'ési %bﬁlfn sard ycogrot ern I's I nactivated by

del etions SHATHr nut-afFefid "df EXY Creast IhEWANKHE &NV of said glycoprotein
with the pfd¥#do t hat StHE IMPRK I&ci-ds - RHPESN KLGW ZOMWand/ or 346) as
descri bed casdriigure..1sfor tvire eGSkeV. Al f OR H EW N&IHG WT w exenpl ary manner or

correspondb@gg,g,f]@ret Os L RAMBEKSEr i NS,r@EwsRI d Ohyaewrotein are not
| ysi ne. é The nuc h%@%gﬁqf cl ai r’&&g ly‘m hﬁg]l d RNase activity is

i nacti vate deI etr o s and rrut at’i ons at--ar er&l ocated at the am no

aci ds at p8§i‘ bn 2955+ H WP &ifd Cor- pos’?'t'Féf‘hN!éS&Y"cF%B’? as described in
frgure 1 f6#342-he CSFVSPHIGOM PEKIG N i-n. Rih_BENHIGW ¢ NWnner -or cerrespondi ng

thereto incetded straspacIfpexid. gl YCODHOWRNK._GWCNW .. - -

C-301-d ...SLHGIW _EKIC... ...RHEWNKHGWCNW .. - -
C-295-S/G ...GLHGIWPEKIC... ...RHEWNKHGWCNW . - +
C300-W/G ...SLHGIGPEKIC... .. RHEWNKHGWCNW. - +
C302E/A ...SLHGIWPAKIC... ...RHEWNKHGWCNW . -
C305C/G ...SLHGIWPEKIG... ...RHEWNKHGWCNW .
C-300-W/G-302-E/A. SLHGIGPAKIC... ... RHEWNKHGWCNW ..

C-340-R'G  ...SLHGIWPEKIC... ...GHEWNKHGWCNW ..

C343W/G ...SLHGIWPEKIC... ..RHEGNKHGWCNW..

C345KIA ... SLHGIWPEKIC... ..RHEWNAHGWCNW ..
C-297-K/346K .. .SLKGIWPEKIC... ...RHEWNKKGWCNW .. ; +

C-297-K/346-L. .. .SLKGIWPEKIC... ...RHEWNKKGWCNW .. - +




SUBSTI TUTE SHEET (RULE 26) 29 Novenber 2002 WD 991 64604 ~ PCT' / EP99/ 0364Z
40 14. The nucleic acid of claim12 or 13). wherein said RNase activity is

- inactivated by deletion or nutation of the amino acid aR9Nevenben2006, as
described in figure 1 for the CSFV Alfort strain in an exenplary nmanner or
corresponding thereto in other strains, of said glycoprotein. 15. The
nucl ei c acid acomnsshedg@st 0 any one of clainms 12 to 14, wher eipciGabshsghase
activity is inactivated by the del eti o®20f the histidine residue at
position 346, as descrlbed in flgure 1 for the CSFV Alfort strain in an
exenpl ary TR ; 5
gl ycopr ot ei . A BV Cld a t one of clainms 12 to
15, wherei rél%allag RNas ?aEW\% {P\E/%Ilg g narﬁ%@gg‘{aﬂg GOW%W%@I etion ofg t he

hi sti di ne rleadenddo BabledsTestfnr Rimse aglivityevasrdanedn b ransieptassay. B2t he CSFV
ALTort str ot WaRicRKaAlIAALcFBIRGS v F7-SQF GASRARH 1086 dARRLP m ot her BVDV

strains, of sai roteln . Use nucl ei ¢ aci ds accordi ng to any

one of clai Wslethddmmﬁﬁwspﬁﬁ@ﬁm%cqmw@d@m@f PlasNddPNAcleansfecieit ci nes.

18. A phar W@S&ﬁeﬁec%@@&hﬁmb%&ﬁﬁﬁébﬁbﬂ&r@%@&m PReAFERGENY tO any one
of clains 1 to 6, andlor a pestivirus accord any one of clainms 7 to

11, andl or Bethatipeat3HE Beueneubatelo g Ff{j‘sff%?teéirﬁf’"‘éWS'edi’s%’l% s 12 to 16.
19. A net hogtob&sed tdr @BtéwhinBlorPEIFNASeldEEAE/ Ws@ﬁﬁ&fﬂel&ﬁ Vidblilyafast he RNase
activity residing iri glycoprotein ERA'S is inactivat 20. The net hod of
cl ai m 19, mﬂ%?%ﬂWP%ﬁ§QPS e¥-ivity is inactivated by del etions and/or
nmut ati ons of at |east one am no acid of said glycoprotein. 21. Ttie nethod
of claim19_or 20, wherein. said del etions _and/or nut a{]l,g@s are | ocated at
the amino acXafaplgg2 %‘PFSW"M"E‘(P%‘TS gAdtAsesiMty 8HE 338 to 357 as

described in figure 1 for the CSFV Alfort strain in an exenplary manner or

SreET (RULE St e Shoetgh e Sndatintos i Boirs? BeA Bl O |

cells were infected with the mutant viruses. For CSFV, the infection was carried out

with a muiltiplicity of infection (m.o.i.) of 0.01. Infection with wild type virus served as a
positive control whereas noninfected cells were used as a negative control. At 48h
post infection, cells were washed twice with phosphate buffered saline and lysed in
0.4 ml of lysis buffer (20 mM Tris/HCI; 100 mM NaCl, 1 mM EDTA, 2 mg/m! bovine
serum albumin; 1% Triton X100; 0.1% deoxycholic acid; 0.1% sodium dodecyl
sulfate). The lysate was given into 1.5 ml reaction tubes, sonified (Branson sonifier
B12, 120 Watt, 20 s in a cup hom water bath), cleared by centrifugation (5 min,
14,000 rpm, Eppendorf Centrifuge, 4°C) and the supematant subjected to
ultracentrifugation (Beckmann table top ultracentifuge, 60 min at 4°C and 45,000 rpm
in a TLA 45 rotor). Determination of RNase activity was done in a total volume of 200
ul containing 5 or 50 pl of supernatant of the second centrifugation step and 80 ug of
Poly(rU)(Pharmacia) in RNase-assay buffer (40 mM Tris-acetate (pH 6.5), 0.5 mM
EDTA, 5 mM dithiothreitol (DTT)). After incubation of the reaction mixture at 37°C for
1 hour 200 pl of 1.2 M perchloric acid, 20 mM LaSO4 was added. After 15 min
incubation on ice the mixture was centrifugated for 15 min at 4°C and 14,000 rpm in
an Eppendorf centrifuge. To the supematant 3 volumes of water were added and an
aliquot of the mixture was analyzed by measuring the optical density at 260 nm using
an Ultrospec 3000 spectrophotometer (Pharmacia). In all cases, the mutations

introduced into the E™ gene completely abrogated RNase activity (Table 1).



22. The nmethod according to any one of clainms 19 to 21, wherein said RNase
activity is inactivated by deletion or nutation of the amno acid at
position 346, as described in figure 1 for the CSFV Al {20 Nowémbér2002 an
exenpl ary manner or corresponding thereto in other strains, of said

gl ycopr ot e\ygghﬁé The nmethod according to any one of cl ai gBrgfecie9422)
wherei n sal se activity is inactiedted by the deletion of the histidine
resi due at p05|t|on 346, as described in figure 1 for the CSFV Aifort

strain i er or,.corresponding,there I n.other str |ns of
said gl f@ngSt [ﬁv é"&%%aﬂrvbtw Vﬁ?%gfif‘é?‘#@%g é:tﬂaﬁ)l opIgieA Aftet

vacci ne tedigfautibRr wiliesiti psastsagé dfhmeRNEdecRe!t Vinidey. r@élnsdurmsfeaegl\ywm&t el n
ER''Sis inactivated. 25. The nethod of claim 24, wherein said RNase

acti vi tyaﬂ%owf!?é%tﬁwét‘%@eb‘;@'tﬁlg 28y peststransipeiomapdisesdeddn two dishes. e ami no
aci d of @y dy, cﬁ'hmp&@ﬁ eddi eﬁr%ctsTW@ré”BFé?ﬁgecPBnG llalpzéa f6F R&@se‘@&ﬁ%?y’ & sai d
del eti ons and mutations are | ocated he am no acids at position 295
to 307 aescobedabbve.oko BaBetinfegian, the @élsmf ithe gecond diphr were amﬂiymdebsCSFv

Al fort r e ar r [ &) t

St ot s TRb Bee e TRl AR G MR LR A AR TR Bl e "

cl ai s 219890 aRb,foutdr1e0% pasmk/d?l\‘léraesfectnmn/m; dagriedhact withtRA yandetitedd on or

mut atio of t no aC| 6 escri 1 for
e comyrath BvBIR. 35 tufth HERLIIRD. FikomeRmud SRR oh Ah¥BVErg: o1
ot her sthiRiddntaifhg IR @e@twﬁc’cﬁrtﬂb&tdmonz&m\ﬂléntnbtiﬂ\@dc@dﬁiﬂﬁdﬂi g thed CBPY one of
clains 24 to 27, wherein said RNase aché{i I's inactivated by the deletion

of the H&rtganeme. MNonitaasiactesbMOR Relbusyrved ag aqtagabive conteli gure 1 for the
CSFV Al fort stral n in an exenplary manner or ce rrespondl ng thereto in

ot her st tectably | abeling
pesti vi r.'fja;%eg%c ar a? gﬁ.&éi‘SR%"fﬁ]ﬁ%&[ %&%e ac | VI €e253| ding in

gl ycoprpt ei n |Bif6ft O-WT nac29Apt €d346UBET846)d CSBIEEB/IRRJI:ch&iBX 29 Novenber
2002 09164604 42 PCTNERS9/ 03642 30.[{1Fe nmgbhmd of cleim 29, wherein said
RNase activity is inactivated Dy deletions andlor nutations at at |east one

ani no a4 Of ARAl U AGFIBI3YAL Tc 346 | CoUr R Elas51E A M2SG AT /53g.L Wher ei n

said de ‘gﬁgl o] 5 THRSHEDTTS 96?176 e ET 4 7 B CULE LY ou,cbl:afzou position
295 to BB ot s tta an—3387 t e 357 c -+ € for—{ he
) e A L L B e 2 T A M ~ Confiol

OD2s0 0.725" 0.83 0.8 0.84

Description of Table 2A:

PK15 cells were infected with the indicated viruses at an m.o.i. (multiplicity of
infection) of 0.01, incubated at 37°C for 48 h in a CO; incubator, and then lysed and
subjected to RNase test. The acid soluble RNA resulting from incubation with the
different cell extracts was quantified by measuring the optical density at 260 nm. The
observed differences in RNase activity were not due to different amounts of E
protein in the samples since similar values were obtained after quantification of g™N
by radioactive labeling, immunoprecipitation and analysis of radioactivity with a
phosphorimager. Moreover, reduction of the E™ concentration in the assay down to
only one tenth of the usual amount did not change the resulting OD values
c?nr;siderably. indicating that with the chosen conditions the assay was saturated with
E™.
CSFV strain Alfort; all other viruses were recovered from RNA transcribed in vitro
from plasmids: e.g. C-WT from pA/CSFV; C-297-L from pA/C-297-L; etc.; C-346-
d/Rs virus was recovered from pA/C-346-d/Rs (generated by reversion of mutation in
pA/C-346-d by exchange of the respective cDNA fragment against the equivalent
fragment derived from pA/CSFV); control: extract of non-infected PK15 cells.

¥

Table 2B
B-WT | B-346-d | control
0Dy |2.5 11 1.1

Description of table 2B



corresponding thereto in other strains) of said glycoprotein_ 32. The

met hod according to any one of clains 29 |0 31, wherein said RNase activity
is inactivated by deletion or nmutation of the am no acigb Rbvéinbéri2002 346,
as described in figure 1 for the CSFV Alfort strain in an exenplary nmanner
or correspRgdbpged hereto in other ‘strains, of said glycopseterdnieds. The
met hod accordi-ng to any one of clains229 to 32, wherein said RNase activity
is inactivated by fhe deletion of the histidine residue at p05|t|on 346, as
describ F LR | [ nner or
correspg{i\bﬂ?ﬁg&t"gg\f% dnf{eﬁ{egt WZP (i:'ft y@ﬁrﬁé‘?&t@% a‘?’gﬂgf@gopr o?g‘lqlp r‘ﬁw%ﬁ&a

process ahdr ahdigzeor émarlatelr afior O?Nsemaacﬁwtyallhfyecam arfiuthe ecelisgestas \provee by
characterized in that the, RNase aCthIf F ?I ng in glycoprotein ERNS is

i nact i Vé{pgamog%oreﬁegm&%@é%sés 3%88??”%8 %1%f'm 34, wherein said RNase

acti vi t B-ST:ivitas réstivietst BynOeABNDNVYs2B.396-dTWirdt irédtsvepdd Bbrd gASE-39He ani no
acid of said (gl ycoprotein. 36. The rocess according to claim34 or 35,

wher ei n9s &Petreleptach femanrninfeciag M l8re I ocated at the anino acids at
position 295 to 307 andlor position 338 to 357, as described in figure 1
for the CSFV Atfort strain in an exenplary manner or correspondi ng thereto
i n ot heExampleds, Pathogenitityl 9fcCHFYtadten RNastOinlsotivatien 2002 WO 991 64604
PCT/ EP99/ 03642 43 37. The process according to any one of clainms 34 to 36)

,herein said RNase activity is inactivated by deletion or nutation of the
ani no adiodest, whettidr ition dastbuctas sfese RN@ adtivity ifluendes thie ;bmﬁo@ﬁc\(tyﬂétf ort

strain in an exe Iat nner aor corresponding thereto in r stralns) of
sai d ol PESPHESES M) Uol nOEAcbeste ABGRAN SHpOr Rty WEr cOnduRed L TasARl 3
wher ei n\ggaf.Biiaas @Qie.wnwab@s) r\ﬂmsl r‘é%b@é’re@%rérﬂ%é’@@f\'/ G Rin gim%knwes'“ di ne

resi due at p05|t|on described in figure 1 for the CSFV Atfort

strain withgst mtéafmna%\«pmﬁfé\/))cﬁew raésapeﬁaltwg contspletGWH t@ftablres)stﬁcm ns, of
sai d gl yeoprot&hiN, a9 }qﬁ r%eéﬁsef %amﬁa@f ?gaé%}\xﬂa%k fl%osa&e\ﬁélgh@

| abel ed pestiviruses erlze int |ng in
gl ycopr GSed nTIEeRNﬁectmru desH waat‘edo mlDImﬁe:pammamtmmdlafghEOn@dmmm 39)
wherein _said

Vlt |S|n vatedb eti ons an tions of
at | easf”a&n%dra'l‘?fsi?fea arbq al%i@gng 9' fﬂg?‘éh rﬁ%sgﬁ) ORRtAJE 2@“3{‘:@86& ng to
claim ~The o diBupyereihoused Gh d@ﬂ)@ttw&‘élambd/mﬁtsnﬁto@ﬂl WaS taled fromathed at
the am no,  acids at position 95 to nd/ or

S n 338 to 357, as
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gl ycopr beeiecovered form the blood on days 3 (animal #68) and on days 5, 7, 10, 14
(animals #68, #78, #121) (Table 3b) The animals were killed in a moribund stage at
day 14 post infection. At this time, no virus neutralizing antibodies could be detected.
In contrast, the animals infected with the mutant did not develop clinical symptoms
(Table 3a). The temperature stayed normal (Figure 2) over the whole experimental
period and the animals never stopped taking up food. At no time virus could be
recovered from the blood. Nevertheless, the animals were clearly infected and the
virus most likely replicated since all animals developed neutralizing antibodies (Table

3c).
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a pestivirus infection of said aninmal. 48. The i1n vitro nethod of claim47,

conpri si Mbskhgtidnodf eI dast eps: (1 ) Obtaining a sanple froman ani mal of
i nterest suspected of pestivirus infection or a vaccinated aninmal; (2)

| dent i f yiBrigjglgtsniéarmaadamRiasegalies 5ke dody yreight) it twergraupsl (graftgroup wasby t he
speci f1 ¢ pfy} o @gpﬁjat%mm&leollﬂglhd% iR e Siu‘agf'igl a;‘,HC?HaP%r@?nngteﬁ%ﬁh CSF

gl ycoproterns present iin sald sanple, sal oproterns bel ng no f\{ ed by
a net hod e qerdP TTIbg,)HNd DAAirls Gith 0B45% SP@QTOC\D%W%C&\?H%BEM%O”@“

or poiydonal antibodies do not bind to unnodified EmMs gl ycoproteins; (4)
Cor r el at iang dlincak pigos fware iecatded and smmiaripeb ek aleddilagt inptiteytabimal.a.: no

ant i bodi it Vi i ed animal and correl ating the absence of anti body
bi ndi ng ?‘%C}égpﬁ’gﬁls\??e ugglgé‘f ection of said animal under the proviso that the
presence of pestiviral andlor said sanple is

material in said ani mal

establis ol herwi se. SUBST| TUTE SFI EET ( RULE 26 29 Novenber 2002 WO
99/ 6@04%&?’%% %Eﬁ'?e'ﬂ!?. aﬁ?\'et%ﬁ"%??é%“ met hozj of claim48, conprising
the fol | pwng sTeps: Animal experiment 1

Animal |infected viremia at days post infection

numberjwith

3 5 7 10 14

#68  |C-WT + + + + +

#78  IC-WT - + + + +

#121  |C-WT - + + + +

#70  |C-346-d - - - - -

#72 C-346-d - - - - -

#74  |C-346-d - - - - -

Description of Table 3b:

Blood cell viremia was detected by cocultivation of blood with PK15 cells. After
incubatiop at 37°C for 72h celis were washed with PBS, fixed with ice cold
acetone/methanol and analyzed for infection by immunofluorescence with a

monoclonal antibody specific for glycoprotein E2 (mAb A18, Weiland et al. 1990).
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infection. Neither fever (Figure 3) nor viremia could be detected but an increase in
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neutralizing antibodies indicated productive infection and replication of the challenge

virus.
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Table 5a:

6 piglets (German land race; about 20 kg body weight) in two groups {(each group
was housed separately under isolation conditions) were included in the study. 3
animal were infected with mutant C-346-d (5-10* TCIDsp) and 3 animals with C-346-
d/RS (5-10* TCIDsy). C- 346-d/RS was derived from mutant C-346-d by restoring the
wild type sequence of ERNS gene. Rectal temperature and clinical signs were
recorded and summarized; n.a.: no necropsy was performed.

Table 5b

animals during viremia

Diagnostic RNAse test with viruses recovered from infected

Alfort

animal #3
C-297-K

animal #5
C-297-K

animal #27
C -346-d/RS

animal #28
C -346-d/RS

animal #30
C -346-d/IRS

Con-

trol

OD26

1.84

0.60

0.56

1.84

1.93

1.94

0.49

Viruses recovered form the blood of animals 3 and 5 at day 5 post infection and of
animals 27, 28 and 30 of animal experiment #2 (described in example 5) at day 7
post infection were propagated in tissue culture, titrated and tested for RNase activity
as described above. Non-infected PK15 cells and cells (control) infected with wild
type CSFV (Alfort) served as controls. Animals 3 and § had been infected with
mutant C-297-K, whereas animals 27, 28 and 30 had been infected with mutant C-
346-d/RS, as indicated in the table.

Example § Effects of double mutation within E™"°

To test the effects of a double mutation within EX™*° on the ability of the respective
virus to replicate in its natural host and on pathogenicity, an animal experiment was
conducted with mutant V(pA/C-297-1/346-1). Virus recovered from the CSFV full
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addition, temperature was recorded daily (Fig. 6). The animals infected with the

double mutant did not develop any clinical symptoms, and the animals never
stopped taking up food. The animals showed no fever over the whole exg;erimental
period (animals 45/2 and 45/3) except animal 45/1 on day 8, probably due to
bacterial infection caused by injury of the right hind leg. After treatment of this animal
with an antibiotic on day 10, temperature returned to normal values within one day
(Fig. 6). For all animals virus was recovered from the blood on day 5 whereas no
viremia was detected at later time points (Table 6a). All animals developed
neutralizing antibodies (Table 6b). For animal 45/1 the neutralization titer was again
determined about 4.5 months p.i. and was found to be 1:4374. Thus, the infection

with the double mutant resulted in long lasting immunological memory.

Table 6a Test for viremia

Daysp.i.| 5 {8 {12
Pigdb/ll } + | - | -
Pig4sm | + | - | -
Pig4s/ity + | - | -

Table 6b Neutralization titers

Animal | day 0 }day 20 p.i.
45/1 - 1:128
45/2 - 1:256
45/3 - 1:256
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immunogenicity of the BVDV virus ,B-346-d’ recovered from pA/B-346-d by
comparing it with the B-WT* virus recovered from pA/BVDV/Ins-. The virus B-346-d
is of course mutated in original BVDV position 349 but named “B-346" to .indicate the
position relative to the CSFV Alfort position 346 of figure 1.

Three groups of BVDV seronegative animals of 3-6 months of age were selected.
Groups 1 and 2 comprised 5 animals each while group 3 comprised 3 animals.
Animals of group 1 and 2 were infected by administration of 2x10° TCIDs, of B-346-d
(group 1) or B-WT (group 2) in a volume of 5 ml per route. Animals were infected
intra-muscularly (gluteal muscle), intranasally and subcutaneously (over scapula).
Over a period of 14 days after infection, viremia in both groups was monitored
through parameters like blood cell viremia and virus shedding in nasal swabs. In
addition, clinical parameters like rectal temperatures, white blood cell counts and
general health parameters were monitored.

The protective immunity against an infection with an antigenetically heterologous and
virulent BVDV-isolate (#13) was investigated by challenge infection 77 days after
infection of the animals of group 1 with B-346-d. Animals of group 3 served as
challenge controf and were infected according to the proéédure for the animals of
group 1 with the virulent BVDV-isolate. The BVDV virus (#13) belongs to a different
antigenetic group (type I1), whereas the B-346-d virus belongs to the antigenetic
group (type 1) according to the classification described by (Pellerin, C. et. al., 1994).
Animals of group 1 and 3 got infected by administration of 2x10° TCIDs, of BVDV
isolate (#13) in a volume of 5 ml per route. Animals were infected via the intra-
muscular (gluteal muscle), intra-nasal and subcutaneous route (over Scapula). Over
a period of 14 days after infection viremia in both groups was monitored by
parameters like blood cell viremia and virus shedding in nasal swabs. In addition,
clinical pafameters like rectal temperatures, white blood cell counts and general
health parameters were monitored.

After infection with B-346-d animals did not show any typical clinical symptoms of a
BVDV infection such as rectal temperature increase (Table 7a), or any respiratory

clinical symptomes (not shown).
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v 10%& #geverglb dCays (Table 7d), strong leucopenia (Table 7e), extended blood cell viremia
(:Fable 7f) and virus shedding in nasal swab fluid (Table 7g). In contrast, animals of
group 1, which had been vaccinated by infection with B-346-d, did show almost no
clinical symptoms typical for a BVDV infection after the challenge infection‘with the
virulent BVDV isolate #13. There was no significant increase in rectal temperatures
after infection (Table 7d). The observed leucopenia was very marginal with regard to
magnitude and duration (Table 7e). No BVDV could be isolated from the blood
(Table 7f) and for only one animal virus shedding in nasal swab exudate could be
detected (Table 7g).

Therefore, infection with B-346-d induces a strong immunity which clearly reduces
clinical signs, virus shedding and blood cell viremia after challenge infection with a

heterologous BVDV isolate.

Table 7a: Mean rectal temperatures in group 1 (B-346-d) and 2 (B-WT)

Day of 0 1 2 3 4 5 6 7 8 9 10 |11 12 {13 |14
study:
Group 1 {38,8139,1 {39,0138,7 |38,8 |38,7 {38,7 |38,5[38,7 {38,5138,5 (38,5 (38,4 {38,9 {38,7
Group2 {38,8}39,0 138,9138,6 {38,6 138,7 38,6 {38,4 |39,1 }38,4 138,7 {38,6 |38,7 j38,6 |38,6

Animals of group 1 were infected at day 0 with 6x10°TCIDsy B-346-d, whereas

animals of group 2 were infected with 6x10°TCIDso B-WT.

Fig. 7b: Blood cell viremia of groups 1 and 2

Group |Animal First day nasal Final day nasal Recorded duration of | Mean duration of
shedding recorded | shedding recorded ) nasal shedding (days) group (days)
1 1,4
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Nasal exuglate was centrifuged (1000g) to remove gross debris and contaminants.
Supernatant fluid was removed and 0,2 ml were seeded to each of three cell
cultures. After overnight incubation the inoculum/medium was replaced with 2 mi of
fresh medium. After incubation for 4-6 days, BVDV infected cells were detected by

immunofluorescence with a polyclonal serum specific for BVDV.
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Table 7f: BVDV isolated from blood samples

Group Animal First day virus {Final day virus] Recorded |Mean duration
detected in detected in duration of (days)
blood blood virus in blood
(days)

1 1 - - 0 0
2 - - 0
3 : : 0
4 - - 0
5 - - 0

3 11 3 10 8 9,7
12 3 14 12
13 3 9 9

EDTA blood was sampled daily up to day 10 post challenge. 0.2 ml of blood were
added to each of 3 cultures of calf testis (Cte) cells with medium containing heparin
(1 unit/ml to prevent clotting). After overnight incubation inoculum/medium was

replaced with fresh medium without heparin. After incubation for 4 to 6 days cells
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BVDYV infected cells were detected by immunefluoreszence with a polyclonal serum
specific for BVDV.
Negative cultures were frozen and subsequently thawed. 0.2 ml thereof were passed

to a second passage on Cte cells to confirm the absence of BVDV.

Table 7g:  Virus shedding in nasal fluid

Group |Animal | First day nasal | Finat day nasal Recorded Mean duration
shedding shedding duration of nasal|(days, per grou;;)
recorded recorded shedding (days)

1 1 3 4 2 08
2 - - 0
3 - - 0
4 - - 0
5 4 5 2

3 11 3 14 12 10
12 3 14 12
13 3 8 6

Nasal exudate was centrifuged (1000g) to remove gross debris and contaminants.
Supernatant fluid was removed and 0,2 mi thereof were seeded to each of three cell
cultures. After overnight incubation the inoculum/medium was replaced with 2 ml of
fresh medium. After incubation for 4-6 days BVDV infected cells were detected by

immunefluorescence with a polyclonal serum specific for BVDV.

Example 8 Discrimination between C-346-d and CSFV without deletion of the
histidine codon 346 by RT-PCR

The RNA sequence coding for the conserved RNase motif in CSFV glycoprotein
ERNS s highly conserved. Among all known CSFV sequences no nucleotide
exchanges were found in the region corresponding to residues 1387 to 1416 of the
published sequence of the CSFV Alfort strain (Meyers et al., 1987). Thus,
oligonuclef6tide primers derived from this conserved region of the genome can be
used in an RT-PCR assay for detection of all CSFV isolates (see figure 7). In
consequence, the absence of the triplet coding for histidine 346 (nucleotides 1399-
1401) could be detected by an RT-PCR assay with an appropriately designed primer.

Different oligonucieotides covering the conserved region were synthesized that either
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, 109Rcchitainka tHe Lk&tidice ¥8dbn -okthot. These oligonucleotides served as upstream

primers in RT-PCR reactions with ofigonucleotide ERNS-Stop as downstream primer.
RNA purified from tissue culture cells infected with C-346-d, C-WT, C-346-L or C-
346-K, respectively, were used as templates. Reverse transcription of 2 pg heat
denatured RNA (2 min 92°C, 5 min on ice in 11.5 pl of water in the presence of 30
pMol reverse primer) was done after addition of 8 ul RT mix (125 mM Tris/HCI pH 8.3,
182.5 mM KCI, 7.5 mM MgCl,, 25 mM dithiothreitol, 1.25 mM of each dATP, dTTP,
dCTP, dGTP), 15 U of RNAguard (Phammacia, Freiburg, Germany) and 50 U of
Superscript (Life Technologies/BRL, Eggenstein, Germany) for 45 min at 37°C. After
finishing reverse transcription, the tubes were placed on ice and 30 pi of PCR mix (8.3
mM Tris/HCI, pH8.3; 33.3 mM KCI; 2.2 mM MgCl,; 0.42 mM of each dATP, dTTP,
dCTP, dGTP; 0.17% TritonX100; 0.03% bovine serum albumine; 5 U of Taq
polymerase (Appligene, Heidelberg, Germany) and 16.7% DMSO) were added. When
primer Ol H+3 was used, the reaction mix for amplification contained no DMSO.
Amplification was carried out in 36 cycles (30 sec 94°C; 30 sec 57°C; 45 sec 74°C). 1
pl of amplification reaction was loaded on a 1% agarose gel, the amplified products
were separated by electrophoresis, and stained with ethidium bromide. As
demonstrated in Fig. 7, primer pair Ol H-3/01 E™Stop allowed to specifically amplify a
band derived from RNA containing the deletion of codon 346 whereas with the other
two primer combinations products containing codon 346 were amplified and no band
was observed when the RNA with the deletion of this codon was used as a template.

Primers for RT-PCR:
upstream:
Ol H-3: TGGAACAAAGGATGGTGT
Of H+2: TGGAACAAACATGGATGG
Ol H+3: GAATGGAACAAACATGGA
downstream:
Ol E™Stop: GGAATTCTCAGGCATAGGCACCAAACCAGG
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Daily rectal temperature was recorded from day 2 before till day 18 post infection.
Rectal temperature curve is detailed for each animal of the group infected with the
virus V(pA/CSFV) (continuous line) derived from plasmid pA/CSFV or with the virus
V(pA/C-346-d) derived from plasmid pA/C-346-d (dotted line).

Figure 3: Rectal temperature curve of animals after challenge infection

Daily rectal temperature was recorded at days 1-21 post challenge virus infection.
Animals challenged with a lethal dosis of the CSFV challenge strain Eystrup had
been infected with mutant C-346-d [V(pA/C-346-d)] 69 days in before as detailed in
the text. Rectal temperature curve is detailed for each animal of the group
challenged with 2x10° TCIDs from the CSFV challenge strain Eystrup

Figure 4: Rectal temperature curve of animals after test infection

Daily rectal temperature was recorded at days 0-18 post infection. Rectal
temperature curve is detailed for each animal of the two groups infected either with
C-346-d [V(pA/C-346-d)] (dotted fine) or with the restored virus C-346-d/RS [V(pA/C-
346-dl§s)] (continuous line).
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Figure 5: Rectal temperature after challenge infection animal experiment #2

Daily rectal temperature was recorded at days 1-10 post chalienge virus infection.
Animals challenged with a lethal dose (2x10° TCIDgg) of the CSFV challenge strain
Eystrup had been infected with mutant C-346-d 37 days in before.

Figure 6: Rectal temperature of animals treated with a double mutant

according to example 6

Daily rectal temperature was recorded prior and post challenge virus infection with
mutant V(pA/C-297-1/346-L). )

Figure 7:  Discrimination between C-346-d and CSFV without deletion of the
histidine codon 346 by RT-PCR according to example 8

a) Primer pair Ol H-3/0l E™Stop allows to specifically amplify a band derived from
RNA containing the deletion of codon 346 (C-346-d) as described in detail in
example 8. In contrast, RNA, not containing said deletion does not interact with
said primer pair (C-WT, C-346-L, C-346-K).

b) And c) The other two primer combinations (Ol H+2 and O} H+3) amplify bands
derived from RNA that do not contain the deletion of codon 346 (Ol H+2 and Ol
H+3). No band can be observed when RNA from the 346-deletion mutant C-346-d

is used as a template.
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Claims:
1. A live vaccine comprising a pestivirus, wherein the RNase activity residing in
glycoprotein ER™S is inactivated.
2. The vaccine of claim 1, wherein said RNase activity is inactivated by deletions

and/or mutations of at least one amino acid of said glycoprotein. _

3. The vaccine according to claim 2, wherein said deletions and/or mutations are
located at the amino acids at position 295 to 307 and/or position 338 to 357,
as described in figure 1 for the CSFV Alfort strain in an exemplary manner or

corresponding thereto in other strains, of said glycoprotein.

4. The vaccine according to any one'of claims 1 to 3, wherein said RNase
activity is inactivated by deletion or mutation of the amino acid at position 346,
as described in figure 1 for the CSFV Alfort strain in an exemplary manner or
corresponding thereto in other strains, of said glycoprotein.

5. The vaccine according to any one of claims 1 to 4, wherein said RNase
activity is inactivated by the deletion of the histidine residue at position 346, as
described in figure 1 for the CSFV Alfort strain in an exemplary manner or

corresponding thereto in other strains, of said glycoprotein.

6. A vaccine according to any one of claims 1 to 5 comprising a BVDV pestivirus,
wherein said RNase activity is inactivated by the deletion of the histidine
residue at position 346, as described in figure 1 for the CSFV Alfort strain in
an exemplary manner or corresponding thereto in other BVDV strains, of said
glycoprotein.

7. A pestxvurus wherein the RNase activity residing in glycoprotein ERNS is

inactivated by deletions and/or mutations of at least one amino acid of said

glycoprotein with the proviso that the amino acids at position 297 andfor 346,

as described in figure 1 for the CSFV Alfort strain in an exemplary manner or

corresponding thereto in other strains, of said glycoprotein are not lysine.
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10.

11.

12.

13.

The pestivirus of claim 7, wherein said RNase activity is inactivated by
deletions and/or mutations located at the amino acids at position 295 to 307
and/or position 338 to 357, as described in figure 1 for the CSFV Alfort strain
in an exemplary manner or corresponding thereto in other strains, of said
glycoprotein.

The pestivirus of claim 7 or 8, wherein said RNase activity is inactivated by
deletion or mutation of the amino acid at position 346, as described in figure 1
for the CSFV Alfort strain in an exemplary manner or corresponding thereto in

other strains, of said glycoprotein.

The pestivirus according to any one of claims 7 to 9, wherein said RNase
activily is inactivated by the deletion of the histidine residue at position 346, as
described in figure 1 for the CSFV Alfort strain in an exemplary manner or

corresponding thereto in other strains, of said glycoprotein.

A BVDV pestivirus according to any one of claims 7 to 10, wherein said
RNase activity is inactivated by the deletion of the histidine residue at position
346, as described in figure 1 for the CSFV Alfort strain in an exemplary

manner or corresponding thereto in other BVDV strains, of said glycoprotein.

A nucleic acid coding for a_ glycoprotein ERNS, wherein the RNase activity
residing in said glycoprotein is inactivated by deletions and/or mutations of at
least one amino acid of said glycoprotein with the proviso that the amino acids
at position 297 and/or 346, as described in figure 1 for the CSFV Alfort strain
in an exemplary manner or corresponding thereto in other strains, of said

glycoprotein are not lysine.

T{;e nucleic acid of claim 12, wherein said RNase activity is inactivated by
deletions and/or mutations that are located at the amino acids at position 295
to 307 andfor position 338 to 357, as described in figure 1 for the CSFV Alfort
strain in an exemplary manner or corresponding thereto in other strains, of
said glycoprotein.
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25. The method of claim 24, wherein said RNase activity is inactivated by

deletions and/or mutations of at least one amino acid of said glycoprotein.

26. The method of claim 24 or 25, wherein said deletions and/or mutations are
located at the amino acids at position 295 to 307 and/or position 338 to 357,
as described in figure 1 for the CSFV Alfort strain in an exemplary manner or
corresponding thereto in other strains, of said glycoprotein.

27. The method according to any one of claims 24 to 26, wherein said RNase
activity is inactivated by deletion or mutation of the amino acid at position 346,
as described in figure 1 for the CSFV Alfort strain in an exemplary manner or

corresponding thereto in other strains, of said glycoprotein.

28. The method according to any one of claims 24 to 27, wherein said RNase
activity is inactivated by the deletion of the histidine residue at position 346, as
described in figure 1 for the CSFV Alfort strain in an exemplary manner or
cérresponding thereto in other strains, of said glycoprotein.

29. A-method for detectably labeling pestiviruses characterized in that the RNase

ERNS

activity residing in glycoprotein is inactivated.
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30. The method of claim 29, wherein saud RNase activity is inactivated by

deletions and/or mutations of at least one amino acid of said glycoprotein.

31. The method of claim 29 or 30, wherein said deletions andf/or mutations are
located at the amino acids at position 295 to 307 and/or position 338 to 357,
as described in figure 1 for the CSFV Alfort strain in an exemplary manner or

corresponding thereto in other strains, of said glycoprotein.

32. The method according to any one of claims 29 to 31, wherein said RNase
activity is inactivated by deletion or mutation of the amino acid at position 346,
as described in figure 1 for the CSFV Alfort strain in an exemplary manner or

cofresponding thereto in other strains, of said glycoprotein.

33. The method according lo any one of claims 29 to 32, wherein said RNase
activity is inactivated by the deletion of the histidine residue at position 346, as
described in figure 1 for the CSFV Alfort strain in an exemplary manner or

corresponding thereto in other strains, of said glycoprotein.

34. A process for the preparation of specifically atlenuated pestiviruses

characterized in that the RNase activity residing in glycoprotein EMS s

inactivated.

35.  The process according to claim 34, wherein said RNase aclivily is inactivated

by deletions and/or mutations of at least one amino acid of said glycoprotein.

36.  The process according to claim 34 or 35, wherein said deletions and/or

mutations are located at the amino acids at position 295 to 307 and/or position
338 to 357, as described in figure 1 for the CSFV Alfort strain in an exemplary

manner or corresponding thereto in other strains, of said glycoprotein.
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said monoclonal or polyclonal antibodies do not bind to unmodified

ERNS glycoproteins;

(4) Corelating the specific binding of said monoclonal or polyclonal
antibodies with a vaccinated animal and correlating the absence of
antibody binding to a pestivirus infection of said animal under the
proviso that the presence of pesliviral maternal in said animal and/or

said sample is established otherwise.
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(3) Correlating the specific binding of said monoclonal or polyclonal
antibodies with a pestivirus infection in said animal and correlating the
absence of antibody binding to an vaccinated animal under the proviso
that the presence of pestiviral material in said animal and/or said

sample is established otherwise.

50. Theinvitro metﬁod of claim 47, comprising the following steps:
(1) Obtaining a sample from an animal of interest suspected of pestivirus
infeclion or a vaccinated animal;
(2) Determining the absence or presence of RNase activity of a
glycoprotein E™*° within said sahple:
(3) Comelating the absence of RNase activily of glycoprotein ™ with a
vaccinated animal and cotrelating the presence of said activity with a

pestivirus infection of said animal.

51.  The in vitro method of claim 47, comprising the following steps:

(1) Oblaining a sample of polyclonal antibodies from an animat of interest
suspected of pestivirus infeclion or a vaccinated animal;

(2) Identifying any specific binding of said polyclonal antibodies to
unmodified glycoprotein EMNS or glycoprotein EM™S as modified
according to the invention.

(3) Cormelating the binding of said polyclonal antibodies to unmodified

glycoprotein ERNS with a pestivirus infection and correlating the binding
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of said polyclonal antibodies to glycoprotein E*® as modified according

to the invention with a vaccinated.
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