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This invention relates to attenuated pestiviruses characterised in that their enzymatic activity residing in glycoprotem ERNS js.




positive polarity |lacking both 5 cap and 3' poly(A) sequences. The viral
genone codes for a polyprotein of about 4000 am no acids giving rise
to final clea products by co- and posttranslational g
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2 proteases. The viral proteins are arranged in the polyprotein in
the order NH err]-NP[err]-C

E[ err] - E1- E2- p7- NS2- NS3- NS4A- Naftenuafed pestivitySeRi ce, 1996). Protein C
and the glycoproteins E[err], El and E2 represent structural conponents of

t he pestivirus virion (Thi el et al., 1991). E2 and to a | esser extent
ERNS were found to be 5 target Fiéldroftheiilnehtioneutral i zati on (Donis et
al ., 1988; Paton et al., 1992; van R jn et al ., 1993; Wil and et al.,

1990, 1992). Eferr] lacks a menbrane anchor and is secreted
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pestivirusy % g ] and different known RNases of 15 plant and fungal
origin. Bot "t hese conserved sequences contain a histidine resi due
(Schneider et al., 1993). Exchange of each of these residues against |ysine

inthe E[err] protein of a @Iﬂlﬁe@gbﬂqggygﬁ hﬁéﬂlted In the destruction

of RNase activity (Hul st uction of these
mut ations into the genonme of the CSFV vaccine strain did not influence
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] Classical swine fever virus (CSFV), formerly named hog cholera virus, is
responsible for classical swine fever (CSF) or hog cholera (HC) kMoennig and
Plagemann, 1992; Thiel et al., 1996).
_ [l Border disease virus (BDV) is typically found in sheep and causes border
25 disease (BD). Symbioms similar to MD in cattle have also been described to occur
after intrauterine infection of lambs with BDV (Moennig and Plagemann, 1992; Thiel
et al., 1996).
An alternative classification of pestiviruses is provided by Becher et al. (1995) or
others.
30 Pestiviruses are small enveloped viruses with a single stranded RNA genome of
' positive polarity lacking both 5 cap and 3' poly(A) sequences. The viral genome
*codes for a polyprotein of about 4000 amino acids giving rise to final cleavage
products by co- and posttranslational processing involving cellular and viral



vaccines) in the induction of imunity is rather |ow In general, live
vaccines with defined nutations as a basis for attenuation would 30 allow
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the presermt al.n1698) dhepenzyimatic agtivityvdependsianetheopresendengf two stretches of
amino acids conserved between the pestivirus ERNS and different known RNases of
15 plant and fungal origi_n; Both of these conserved sequences contain a histidine
residue (Schneider et al;. 1993). Exchange of each of these residues against lysine
in the ERNS protein of a CSFV vaccine strain resulted in the destruction of RNase -
activity (Hulst et al., 1998). Introduction of these mutations into the genome of the-
* CSFV vaccine strain did not influence viral viability or growth properties but led to a

20 virus exhibiting a slightly cytopathogenic phenetype (Hulst et al., 1998).

Vaccines comprising attenuated or killed viruses or viral proteins expressed in
heterologous expression. systenis have been generated for CSFV and BVDV and are
presently used. The structural basis of the attenuation of these viruses used as life
- 25 vaccines is not known. This Ieads to the risk of unpredictable revertants by
backmutation or recombmatlon subsequent to vaccination. On the other hand, the
efficacy of inactivated v_acclnes or heterologously expressed viral proteins (subunit
vaccines) in the induction of immunity is rather low.
In general, live vaccines with defined mutations as a basis for attenuation would
30 allow fo avoid the disadvantages of the present generation of vaccines. Potential
targets for attenuating mutations in pestiviruses are not available at present.
.. A further advantage of said attenuating mutations lies in their molecular uniqueness
which allows to use them as distinctive labels for an atfenuated pestiviruses and to

distinguish them from pestiviruses from the field.



pestivirus, wherein the RNase activity residing in glycoprotein Eferr] is

i nacti vat ed. The term "vaccine" as used herein refers to a
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such pestivirus, wherein the RNase activity residing in glycoprotein EXS is inactivated.
The term “vaccine” as used herein refers to a pharmaceutical composition
comprising at least one immunologically active component that induces an
immunological response in an animal and possibly but not necessarily one or more
25 additional components that enhance the immunological activity of said active
component. A vaccine may additionally comprise further components typical to
pharmaceutical compostions. The immunologically active component of a vaccine
may comprise complete live organisms in either its original form or as attenuated
organisms in a so called modified live vaccine (MLV) or organisms inactivated by
30 appropriate methods in a so called killed vaccine (KV). In another form the
immunologically active component of a vaccine may comprise appropriate elements
... of said organisms (subunit vaccines) whereby these elements are generated either
by destroying the whole organism or the growth cultures of such organisms and
subsequent purification steps yielding in the desired structure(s), or by synthetic



as oral, intranasal, intravenous, intranuscul ar, subcutaneous, intradermnal
or ot her suitable route, tolerance after adm nistration, controlled

rel ease prorgsbd@ses 20 A vaccine of the invention referecrEprsmmseseci ne as
defi ned above, wherein one [ m‘runol"ogi cally active conponent is a
pestivirus or of pestiviral origin. The term"live vaccine" refers to
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(1998). Tber';ﬂiaimeoeuﬂtaa cbﬂ@beltloﬁ’dessentlallwmsbndstseot ohbeomp nesre ningredisats i on

relates to |live yaccj wherejn, said R nactjvated b
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under accessi on nber J04358: alternatjvely, the am.no acid sequence

for the BSwtable routs, tqur,an@g,after admlmstratlon controlled release properties.
20 A vaccine of the invention refers fo a vaccine as defined above, wherein one
immunologically active component is a pestivirus or of pestiviral origin.
The term “live vaccine” refers to a vaccine comprising a living, in particular, a living
viral active component.
The term “pestivirus” as used herein refers to all pestiviruses, characterized by
25 belonging to the same genus as BVDV, CSFV and BDV within the family Flaviviridae
and by their expression of glycoprotein ERN°. Of course, said term also refers to ali
pestiviruses as characterized by Becher et al. (1995) or others that express
glycoprotein ERNs “RNase activity" as used herein refers to the ability of the
glycoprotein E™® to hydrolyze RNA. |
30 It should be noted that the term glycoprotein EO is often used synonymously to
glycoprotein E™® in publications.
... The term “inactivation of the RNase activity residing in said glycoprotein” refers to the
inability or reduced capability of a modified glycoprotein E™® to hydrolyze RNA as
compared to the unmodified wild type of said glycoprotein ERNS,



be accessed in the GenBank/EMBL data |ibrary (accession nunber U63479). Two
15, regions of amno acids are highly conserved in glycoprotein ERNS as
wel | as in sommooesseses Pl ant and fungal RNase-active protei nspcrsirograscaer et
al ., 1993). These-two regions are & particular inmportance to t he
RNase enzymatic activity. The first region consists of the region at
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I n one '_F)artlclar n-limting exanple, the position of CSFV Alfort

346 is iden¥i®¥) n Bgure P?Cﬂd?fﬁtf%vﬁ gu@%ﬁ @i\ he: gegme sequence oftheyAlfort

consequencestrdif fPCEFVNIs Avaiiablel M tHee lGEnBRaNk/EMBL a8 mb?érfrdr%ér gl nt
to a vaccjne of the invention, wherein said inactivating deletions
and/ or nut aRYrpher J04358; alternatively, the amino acid sequence for the BVDV strain CP7 can 6
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published deduced amino acid sequence of CSFV strain Alfort (Meyers et al., 1989).
The amino acids of particular importance to the RNase activity as mentioned above
are by no means limited to the exact position as defined for the Alfort strain of CSFV
but are simply used in an exemplary manner to point out the preferred amino acids
25 Dbeing at that position or corresponding to that position in other strains such as found
in BVDV, BDV and pestiviruses in general since they are highly conserved. For
pestiviruses other than the CSFV Alfort strain the numbering of the positions of the
preferred amino acids is often different but an expert in the field of the molecular
biology of pestiviruses will easily identify these preferred amino acids by their
30 position relative to the highly conserved amino acids of said glycoprotein. In one
particular non-limiting example, the position of CSFV Alfort 346 is identical to
... position 349 of BVDV strain cp7.
As a consequence, the present invention relates in a more preferred embodiment to
a vaccine of the invention, wherein said inactivating deletions and/or mutations are



The present invention denonstrates that pestiviruses are viable and code
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mut ant 1 nduces f f t
A1abia Vg VT IS o Glyeoprotain dsostahe RNa5e sttty M portrash
Iboint Hlﬂaﬁdh‘é%hbggﬁ?\lgﬁbmﬁo BeidiRrder, a deletion. emnshtnggé.@erhu;e
n, wherein sai i's inactivated

inuGhomaee stableqwith 5&8%(;6&%{ \I'e&ht %ﬂte Infectign of rﬂ'%w&/ mfe?ihef or the

Qathogenic CSFV Alfort/Tiibingen expressing EX™° 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, anorexia, apathy, depletion of B-cells and
central nervous disorders. These pigs were killed in a moribund stage showing
severe hemorrhages in the skin and internal organs 14 days post inoculation. The
pigs infected with the mutant did neither show viremia nor B-cell depletion as tested
on days 3, 5, 7, 10, 14 post infection while CSFV was easily isolated from blood
samples derived from the pigs inoculated with wild type virus. The deletion mutant
apparently replicated in the animals as indicated by the induction of neutralizing
antibodies (see Example 3, Table 3c). The immune response to the mutant virus was

,sufficient to permit to survive a lethal challenge with 2x10° TCIDs of the highly

pathogenic infection with the CSFV strain Eystrup (Kénig, 1994) which is
heterologous to the Alfort strain. Moreover, the tested animals displayed no typical



strain in an exenplary manner or corresponding thereto in other strains, of

sai d gl ycoprotein. 10 In a further nost preferred enbodi nent, the

i nvention r el woewseiens BVDV vacci nes according to the |nmnnnvmumu
wherein said RNase activity is inactivatdd by the del etion of the

hi stidine residue at position 346, as described in figure 1 for the CSFV
Al fort clirfiddl %lgi\slfﬁr @SFVXﬁE&E@ﬂlkerf&ﬂE}ealaﬂ'heQ qﬁérﬁéméyasn B-éé”lee%iéilohrbr
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the present aﬁ'?f@é'ﬁtaftﬁﬁ tP%lca?'@é\gﬁd"f&%@h Hie datgedemonstrates | thaxmfne@ﬁlqn of pigs t he
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gl ycopr of ei fhassdles & sé)qgm%ét”gfe'f&fgde ejmt?o%ra&‘i’tr tﬁ§':\4 ?ﬁtforp%la{éésgcgsiagplgfgr

reconbi nant pesti viru I n amno acl ds at
346 of sai daqxoydmgrt@ttm invention, whierain said Ridase detmiyusmacm;atew byttheteletioni n

svi ne ki dncgt e st Rkl s folhEh SRR esBERL iy AQLRE Ve e LREN: el

the surpri sstrajndncan exemplary enanner or adotresporiding theretol ire other staains)eof said
I nacti vati op, of t@ E[err] enzymatic activity. 25 1In a preferred
enbodi ment 9¥FCRREMN easons stated above for vaccines the pr esent

i nventith alnsa fusthét afost Prefeméd \anibiitRent: ¢ veamtibe relied By BVDWRackihgs ei n
sai d RNase S | n cti vat Sck”ti) del eti ons and/ or nutations

et on ot agrording ft tnginentan, Whérein 5 aafiyty 5 ingotivater by tideieion 336
to 357, as ¢fmertistiithe &sfduatatgmkut‘uﬁrmhas @ekefibed in figtird A for %ﬁé ek fl%&]’?

exenpl ary nner. or correspondi ng thereto in other straijns, sai

gl ycopr ot ei §irain in an gxemplayy mannsr o1 carespendingdheretqin other rﬁé&\bﬁﬂ'amapéd
above for vgdid gRyesprotin. present invention also relates to pestiviruses
of . the jnvention, wherein said RNase activity is inactivated by

del eti o or nutation of the anmino acid at position 346, as

8 desiprademitkr 4% SE gfeepl%s%ﬁ’(r m&é}ﬁlo iénébg f %ﬁeﬁﬁéf@ﬁ @P%@gﬁ%es XGHBIeR Y

manner or corre I'n other strains
gl ycopr ot eithe RNase aﬁtl\&ynﬁgﬂw of @wcmnofewbﬁlsmsnhaﬁmated}dayrdmm andibed

o % HSEHEEE o B et oo SRS ook A Ul ioh S il bRl >
hi sti di ne ramindw@lmatmnsltonm7atﬁi/owﬁjefssmd lgbdoprotein as described in figure 1

20 for CSFV are not lysine. A recombinant pestivirus, wherein amino acids at position
297 and/or 346 of said glycoprotein are lysine has been described by Hulst et al. in
1998. These particular pestiviruses demonstrated 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 ERV® enzymatic activity.

25 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 stfains, of said

30 glycoprotein.

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



figure 1 for the CSFV Alfort strain in an exenplary manner or correspondi ng
thereto I n other strains, of said glycoprotein. In a further nost,
preferred evapshigamat, the present invention relates to BVEJI/EP99/03642 '
pestiviruses, wherein said RNase activi®y is inactivated by the del etion of
the histidine 10 residue at position 346, as described in figure 1 for the

CSFV Al f oldes&itied fh ifigufd) 1 for tIRXEDDIFAT XfSFRYHRIN GF HiPlexeRiplirdi manhdiebet o in

other BVDV strains, of said . agl%cogr,gtg!eyi n. . The attenuated

pesti vi r uéegesRANding hoete BRIBRLHAING Of bajd SYEERIOMRIS- of the present 15

i nventi on 3N nfas i préfeRBd RERPEdifRNP Yorthe! RiaGoRe istaté® dibovk NBr VaBEInS: Mt

t echni ques - resul ti n|g I n the expression of a putant am no acid sequence
so

in gl ycopPesenh ipyention. also relatag e peetivinises,r wherein it (RNpse aetighedent
i nvent sonlg]r{ea%mgg hetuéléﬂoﬁemg%i&%é%sf b at positond346 U §é<Libedifr ] .

wherein t ctivity r ling In said glycoproteinis

i nagt i vat figutiey1 thrithe ICSTY Aliert siraimin aniexamplary miannep ot comesponding theretp of

said 20 2] | viso that the am no acids at position 297
and/ or 342‘l %ﬁgfﬁtglﬁé'%f%?@%%ﬁ{)@é@h as described in figure 1 for the CSFV
Al fort st imianfurther moostl preferrad embodimend, theeprasest] invention relatest toe BVDAs ent

I nvention_rel at es [ .. i . . | QL aci d
e on b ahSSs. o SARai el iuetee ARG YBlonbf of b e 05,
by _dtehet [ %?de 8t;sitmrj /314'6933 delsetibett in figurat e forathet G8FWrAlfart atraidsinaan 25
position t and/ or position 333 tqQ 357, ,.as I hed i [ 1
for the ngnpl%ry TRRRRST"t ogt&?ﬂ%pf’ﬂd'% &?ﬁ%l T ftnﬁ{nﬁmlrsq%ﬁ‘gg{sé%u (ra]g
thereto i giygbpweleist rai ns, of said gl ycopr ot ei n. In a nore

preferred enmbodi nent the present invention relates, for reasons as
mentioned for vaccines, to nucleic acids according to the invention,

\tﬂﬂgr g im_nni arhé,agténgﬂaasgetsﬁﬁmﬁbtandgicgiva&@m bﬁl.dbdféth_éalafeﬁhé@ oogn?pme'ﬂpn of
.acid at position , as, descri in figure .t CSFV .
Al'f or 155t InBRtiom caih o33l Rraparash B nuglpic acik-mogHying TeFRIMBRaRHERAIaeS, of her

strains, fésuﬁﬁi’gckn%a@i?fékbﬁhrbf a mutantlarfinBRsdid BeéqUericedd giydvprbteire™ the
present invention relates to nucleic acids according to thg, I nvention,
lg@cldsco mgr} -

wher ei n sZharefpigsa further aspect jof thepresent invention relaies R nugle or
(():fSF{/hil PB?E §Ijtdtotelts ERYE @her@fts tid WNa80actilty desi@ingbmdsaia glyedpréteih isor .t he
inactivated by deletions and/or mutations of at least one amino acid of said
20 glycoprotein with the proviso that the amino acids at position 297 and/or 346 of the
glycoprotein as described in figure 1 for the CSFV Alfort strain are not lysine.
In a preferred embodiment the present invention relates, for reasons as mentioned
above, to nucleic acids according to the invention, wherein said RNase activity is
inactivated by deletions and/er mutations that are located at the amino acids at
25 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.
in a more preferred embodiment the present invention relates, for reasons as
mentioned for vaccines, to nucleic acids according to the invention, wherein said
30 RNase activity is inactivated by deletion or mutation of the amino acid at position
346, as described in figure 1 for thg CSFV Aifort strain in an exemplary manner or
corresponding thereto in other strains, of said glycoprotein.
In a most preferred embodiment the present invention relates to nucleic acids
according to the invention, wherein said RNase activity is inactivated by the deletion



strain in an exenplary manner or corresponding thereto in other strains, of
said - gl ycopr ot ei n. In a further nost preferred enbodi nent the
present inventwoewgaelsat es to BVDVY 5 nucéelc aci ds accor di npct/Epswiomssa2
invention, wherei.n said RNase activity is”inactivated by t he del etion
of the histidine residue at position 346, as described in figure 1 for the
CSFV Al fort ostﬁahistudhneaasmwat)bosmomaneeas déscfrmredeﬁ Mg Ndort mreswimfoﬁt her

BVDV aJ ns, of sa rotein. eqti.des

are al so usSaR Pop SR HERDRT OrpresRRANG D6TeR B, Ghes, semRee! P

t hese vacci g@@opﬁ‘@nnucl eotides are applied directly to the animal or
i ndirectly VI a vectors other than the OI’3IP€I nal virus. Nucl eotide vacci nes

and vector In a fustherimest prefersed lembasiiment ig Presept davantion: mlates ot BYDY| ¢
and w | | 5nohy8eicddiitadtbfding to thefth'\fén'ﬁsﬁ wherein $did RN&EtMVIFﬁ§mlvatEB%X

present invention relates to the use of nuclelc acid
invention f & gelefien phthenbistidie residue atipesition: 846 as desaribed .in figure Tlfm' the

Pvent s on ace NrNoe sHER| i el SRfniad oo i o spBiifd el dfbr gy pl5

conposi t i onstrains, of sajchglyeopretgirence, a further aspect of the present

venti on 1 gl gkBfade P BRBCEYRAGR 4 R0aic SRR b BRbERERDIRL TNR- SRR

according t I nvVenti on or' a pes i VIiTus
i nventi 80, aectbevacmnasclretbkselaas@mmnbe nacleoﬁdhmetapphédadireotmtb the animal

One non-1i m.tin anpl e of ch.,.a pharmaceutti cal i tion, Ier I ven
for de%@?gﬁ(yl‘g VSE@&)@@'? t%ﬁﬁ? W'ﬁ#é{&ﬁ Jﬂl”ci%apél‘faé’ﬁg' VeLtdt ur e
supernat ant vadcines areawell kiowrt fromcthk |presarit tate iof the 2 @ingiviill nat bé @mﬂoréléﬂ _
(e.g. sper nb_"_* ne and/ or BSA (bovine 25 serumal bumin)) and the m xture is

I

subsequent 'V&phl |ized or dehydrated by ot her met hods. Prior to

vacci nati onin agufhén adpect the p‘rélﬁht rrﬁléhﬂéﬂtréldtésrtoatﬁd%% dfenubleis akidsf the
PBS (phosphate buffered sali neé non- aququs solutions (e.g. oil

emul si oﬂg preseqt inuentian, fpLReR2 D‘&%lﬁ‘?t)de‘ ndfer vegforaianesnal aspect of the

present i nVERsi ededidsat stterfuted PREMARISES, %ﬁ?uﬁﬁdéi& E@iﬁs acoorﬂiﬁ? {o/ithéises.
The i nvention provi des a uni gque _and unexpected net hod f tenuating

pest i vi r useiveRlignareqarictaryiisefil forthe preparationef; a,phmgpmal,gomﬁosmon
gl ycoprotein E[err] is inactivated.

In consequence, a further aspect of the present invention relates to pharmaceutical

20 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 supemnatant of
an infected cell culture is mixed with a stabilizer (e.g. spermidine and/or BSA (bovine

25 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).

30 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

ERNS

glycoprotein is inactivated.



10 The specifically attenuated pestiviruses are especially useful for
t he preparation of vacci nes. Therefore, in a further additional aspect,
t he present wgvsgdoson rel ates to {ast hods for produci RGI/EPS/036s2f i cal | y
attenuat ed pestd virus vaccine charactefdlzed in that the Rnase activity
residing in glycoprotein E[err] is inactivated. 5 The inactivation of
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i solation a saying such enzymatic activity. For pestiviruses
i nacti vatthe ipresenti invettione peyidesi ey methodii fag deteefablyo jabelieg npestikirysespy
del etion . td : ; i ?@}&3 B i Dhadi@eg. Such
pesti vi ru@ggs%@éﬁ%e&a@i ({hgpg\gaﬁﬁel?%%? {étgm%ergé{gﬁg "té t hgmﬁﬁ uéé?ur'gf_h c%§%d'uences
r esul 10 ngThe featurerof sahisience| oft RYase activity residing i ionthe glyeopretewp| ke, tgfe
sequence di fferenc . . ' '

ol yoopr ot EYSIVERER ST (16 1SFay npy bR o BblooRE-IEBEfd ol pkfuses.

t echni quekatssled@Rd tuntdbeler pestivirosgster e £t hisacretart: froonpestivirus infected

denonstr at in exagple 8 the altere [ Ot ei C ect ed by
specific ?@%o‘gl B‘Pf& Hﬁ'ﬂ?i‘f%'dflggr,'y lbﬁa?'s%%hsg'fﬁr@églgeﬂ%gggﬁcﬁaﬁf g?(gsc?q'g%oﬁi ns.
Vi ce ver sRNase activity of thexgigcoppotains EE° uponl isointiontand assaying sucmenzynmatieby
struc; rally.l abel ed proteins by 25 the absence of binding to specific
monoc!dnaf Y bodi es t hat recogni ze unal tered gl ycoproteins E[err]

under t heFgr padtiviuddsdinattivated insthoir RNdsepactivity iresiding it glycbprotein ERES thybl i shed
ot herw se. nd, of  cour t he del.etions,and/or nutations a atd t he
RNase actﬁ’?)ég‘gp'iaﬁ'df‘?femugﬁgnecﬁ VIYrRREL s of qther, teghniquen %ﬂ'} f%eer %?81 r%’f{afﬂe

r els pgnls EZpésliviruse_s GHn é?%ilﬁ pé’?@t@cﬁé@rﬁmﬂ@b bﬂRbfs&uFmsad @Jgae?g)ueasw tasulfingr olrr}

unl abel ed_pestivirus, i nfections. referred e i nent r a
aspects r '@r%"ﬁd’#%‘%ﬁ'?ﬂ& mations; Eﬂﬁaﬁfﬂg‘%» the sefuente difRrace ?ét?'ﬁods f or
pr odugh NonaciSie &icid iseqlidnceadt amsrad eflydopritéini EYS igadatoctablendy nucleioratidods f or

detectably | abeling pestiviruses_ according t he i nvent.ion are thaose
net hods r$8aMeNaiRgt 3e?ﬂfﬁqq%ac‘?r| vggﬁéﬁcm?'q‘ﬁ%e %&ﬁﬁ%ﬁ' @5['] "'E["ﬁ?“n’tjo,"S wWi&r ei n

sai d RNasgemonstrated in example 8; the altered protein sequence can be detected by
specific monoclonal antibodies, that do not recognize unaltered proteins. Vice versa,
it is also possible to detect the altered and thereby structurally labeled proteins by
25 the absence of binding to specific monoclonal antibodies that recognize unaltered
glycoproteins E™S under the proviso that the presence of pestiviruses can be
established otherwise. And, of course, the deletions and/or mutations abrogating the
RNase activity in the labeled viruses will result in different immune responses in
animals when compared to the responses resulting from unlabeled pestivirus

30 infections. |
A preferred embodiment for all aspects referring to methods for attenuating
_ pestiviruses, methods for producing a specifically attenuated pestivirus vaccine and
l..methods for detectably labeling pestiviruses according to the invention are those

methods relating to the inactivation of the glycoprotein ERN® wherein said RNase



activity is inactivated by deletions and/or nmutations of at |east one am no
aci,d of said gl ycopr ot ei n. A nore preferred enbodi nent for all
aspects ref erw&g 6idds TEL hOds for attenuating pesti Vi I Ysasapobiiiei0ds
for producing a specifically attenuated péstivirus vaccine and 5 met hods
for detectably | abeling pestiviruses according to the invention are those
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figure 1 fopoditish G3BoABED, s Sddsatibed Mn Ayufx eNMbratne IOBF\EIAIRN strain in an
correspondi ng thereto in other strains, of said glycoprotein. A nost
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prophyl axi smethods for detsttatitylabeling pestiviruses according to the invention are those

20 methods relating to the inactivation of the glycoprotein ERN®

, 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.

25 The present invention provides vaccines and or other pharmaceutical compositions
which are particularly useful for the prophylaxis and treatment of pestivirus infections
in animals. Therefore, a further aspect of the present invention relates to methods for
the prophylaxis and treatment of pestivirus infections in animals characterized in that
a vaccine according to the invention or another pharmaceutical composition

30 according to the invention is applied to an animal in need of such prophylaxis or
treatment. '



In a further aspect the present invention provides a process for the
preparation of specifically attenuated pestiviruses characterized in .
that the RNRGgogaabdsvity residing in glycoprotein E[ ecriEpisnscs

I nacti vat ed. -5 In one aspect the pResent invention provides a process
for the preparation of specifically |abeled pesti vi ruses
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| abel ed pestiviruses according to the invention are those [ocesses

rel ating tdeletines and/or mytations of agasioneaminge aeid nf said glyeqnEptein. wherein sai d
Rnase act ip/ighyrel %réf@ﬁéd 'éfﬁlScfH?mEbft % all d@é,ﬁébtsoraeiefnd@tt@tao&oeésé hér e no

acid at position 346, as describ igure 1 for the CSFV Al fort
strai l5i n paepa;atofpohsgqu&aﬂne att@?uaseﬁ pegtwﬁﬁﬁsaga pracess éon thegrpearation af ns,

of said glspﬁaﬁééﬂ}lefaBeled pesﬂ@inﬁﬂé%t aéHd?élﬁ‘é r@dthénméhﬁ&maré Qho@é loréseiasss s

referrin ocess for th reparaté,‘?n speci f |caIIy attenuated

pesti vi rusfelgtmgit@ﬁhﬁ:&!@ﬁ"fﬂﬂﬂ"t@fe‘hﬁmﬁt@'ﬁrﬁ E'Dere'%ﬁélq fieletions and(ge| eqd
e e | WIS g ol U MBS S 0% /ST andBr potn S B 0,
IS .. to 357, as described in fi gure 1 for the CSFV Alfort straln in-an exemplary manner-or -
20 corresponding thereto in other strains, of said glycoprotein.
A very preferred embodiment for all aspects referring toa process for 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 ERN, wherein said Rnase activity is inactivated by
25 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.
A most preferred embodiment for all aspects referring to a- process for the
preparation of specifically attenuated pestiviruses, a process for the preparation of
30 specifically labeled pestiviruses according to the invention are those processes
relating to the inactivation of the glycoprotein E™®, 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.



i nactivated by the deletion of the histidine residue at position 346, as
described in figure 1 for the CSFV Alfort strain in an exenpl ary

manner or corwasgg;gwng thereto in other strains, of sgirfkposnscsz
gl ycopr ot ei n. The vaccii8s or ot her phar maceut i cal

conpositions of the present invention are useful for the prophyl axis
and treatnent of pestivirus infections in animls. Therefore, in one
aspect the present invention relates to the use of a vaccine 5 according
to the i nvedheoyrdacines: o ofies harmaceutisal compegitiens ob the dsesent rinentioneaei ons

in an'uﬁ@*uﬁ]rltﬁb euH lraQi@ranﬁﬁi%%%eﬁm ﬂééﬁ\ﬁr‘?ﬂ%ﬁﬁg@ﬁ(z@ﬁlﬁ% ih&kates to the

use of a ar na conposli tion accor e rnvention for
the prophyl a'hesefmed in one asv%qtmenpresentpmemMrr telatesf toctheonse i of anvaceins.

active 5" SUSSRGB 8 HAGH or S Bopfliat: ShleblnbiNe gsiihis ieBlighe th°"
Ther ef ore, thingls.cdmna further aspeehtthenpnesbm droventiom falatedeto dbpeude taf the
use of a pestivirus,of the invention n/or i ¢ _aci,d, of

venti on' T BheiResig, PTPRREST Sl 1 e mvenBriiofie pltprviekis and
CO”DOSitiOntreéﬁ'nentofpéstlvil‘asﬁnfea&ﬂhs&rbémmdme i nactivation of the RNase
activity residing in glycoprotein ERNS provides a surprising and new
met hod for | abeling pestiviruses. As a consequence one aspect of the

present 19NV Pekiiifuses| Md7r indicloRs RS E@éordln? todrtﬁé igshtidAi B tliéeﬁﬂieé&%abl y
| abel ed pestiviruses according tqQ the invention from 20_ unl abel ed and

possi bl y pafpdgenerts afa phamaceutical comnesiting ¢ %V@cmemeaeﬁoye (befpresent
for traci nglﬁvﬁﬁﬂ@ﬁ FéléléﬁYn fouhﬁ&eésﬁéfﬂ%%é beé‘b?%spésﬂw Jthe - mV%n‘t‘aﬁ“a'nPﬁJr

treated ani mal rove ositive after obtaining a sanple
such ani nal adgleie §a'9|qu}h¢ dpvention f@ram preparetionaf aeceine ofiavpharmaceutical
especi al |y uphaBstiss ani mals that prove pestivirus positive can be

i nredi atel y segar ated, isolated or slaughtered to renove the 25 inm nent
danger b spreading the pat hogeni c -i nfection to other animals. ‘The

present I nvagtloftidNeQVattie e RAAREiSPor ti RNa38! dctlfiP Risididg Rf ZWCXbIrO&Je%ﬁ S

E"MS 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
20 unlabeled 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 separated, isolated or slaughtered to remove the
25 imminent danger of spreading the pathogenic infection to other animals.
The present invention provides a method for detectably labeling pestiviruses
characterized in that the RNase activity residing in glycoprotein E™® is inactivated.
This feature of absence of RNase activity residing in the glycoprotein EF™S of
pestiviruses of the invention now enables for detectably labeling these pestiviruses.
30 As a resuit labeled and unlabeled pestiviruses can clearly be distinguished by the

absence or presence of RNase activity of the glycoprotein gRNS

upon isolation and
... assaying such enzymatic activity. The determination of presence or absence of this

enzymatic activity upon obtaining a sample containing a pestivirus of interest or



characterized in that the RNase activity residing in glycoprotein E[err] is
I nacti vat ed. This feature of absence of RNase activity residing in the,
gl ycopr ot ei Rydhddskds Of pestiviruses of the invention poemrevséies for
det ect abl y Ia e4|ng these pestiviruses.1430 As a result |abeled and

unl abel ed pestiviruses can clearly be distinguished by the absence or

presence ohafRNaFthesdficahibe ﬁﬁéﬁﬁd%&ﬁ%&i@éﬁn&éﬁ%¥ﬂéﬁ@%s‘ 5t éahipie, @nd

assayl ng such enzymat ic activit he determnation o presence or a Jsence

of this  descabed indexample Riogin Vuﬁb@n’rﬂoﬂﬂ?%hl ng a sanple containing a
pesti vir ustirefont ﬁﬁ%s re’f'hr ed embodtm nt the p tﬁrlh\?éntbh‘:fg%?és fod gﬁa‘?h fdrO" rred

according to stan or exanp escri be anpl
or in HuI sdlstmguehmg(u@myu&mfected ammbffmra animals vaceinstedawdtreaispeiificatly the

t
et vic ucHEbaR dehR oS 16 thepffon, comerbnd e Rl Mens cay 1y s
attenuat ed pest(tyi r Obtainingadiample frotrhan ianirealt ¢fdnteresirsuspedted) of pestiviris owi ng
st eps: f%%on gpg%g&we@aﬁm’l e froman ani mal of interest

suspected of pesti v infection or a vaccinated ani nal;
(2) Determ ni r(g)tweemtmmmge tbe abmmecmrobré@&aee'attRMhtsy attivity of a

gl ycoprotein Eferr]_wthin, (3) Correlating:the
absence of RNase acQIY‘\:ﬂWe %@E’P %?‘?f“@‘ﬁerr] with a

vacci n@t ed ani ) acuiremrrfgelhatabsenwef pmaeerm.vw of Ylydopotéin IEY'S wiithha 2
pestivirus |nfect|on of resent |nvent|on prOV|des

pestiviruses inact |Y?§F@3?q%na'?'ﬁ'@' pn@,qggrglageg ﬂ\'ﬁ Pﬂg Q'Vf ty, with a

gl ycoprotei n E[ err]pdativil] iffelcfish efsHi®animat.at i on. Such pest i viruses are
easily detected because of the structural consequences resulting from such

del etions and/or nutations. The sequence difference of the ERNS gene coding

for the The él'és%hﬁqmﬂﬂn%ﬁpﬁrﬁﬁééé‘ d:ésﬁﬁlfdsebsmgeﬁ\%é@m\ Sthidk RRAEE Sty

t echni ques or Jues. a result, the present 1 nvention
provi d8s |f93'd'"9r'§f@Y¢Qﬂﬂ°t§Wb5 mdeépt@o angion mitation. (Sush pestivirisery are

pesti Vi I Usgasiyf ed&%@%é&&b@féfom@ratfm{@a:v%s&e"@eﬁéew Jeguﬁn from_such

~specifically attenuated pestivirus accordi Ry ent i conpri si ng
the foll oxﬂei/ﬁyons and/gf Eéations. The sequence differencefihe § a genﬁmdmg fomthen

ani mal  of JnBiRr GicoptteRCEBY Qf geekiabld Wy sequencing techniques or PCR-
o techniques. As a result, the present invention provides in a preferred embodiment a
20 method for distinguishing pestivirus-infected animals from animals vaccinated with a
specifically attenuated pestivirus according to the invention, comprising the following
steps: _
(1)  Obtaining a sample from an animal of interest suspected of pestivirus
infection or a vaccinated animal;
25 (2) Identifying the nucleotide sequence of a pestivirus genome or protein
within said sample; .
(3) Corelating the deletions and/or mutations of the E™* nucleotide
sequence as present in the vaccine with a vaccinated animal and
correlating the absence of said deletions and/or mutations with a
30 pestivirus infection of said animal.

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

ERNS

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

monoclonal or polyclonal antibodies, that do not recognfze unaltered proteins.



I nfection or a vaccinated animal; 25 (2) | dent I fying the nucleotide

sequence of a pestivirus genone or protein . y W thin ;jal dh
sanpl e; ) Correlating the deletlons-an or Mpcikmbessed the
E[ err] nucl eoth%”mgﬁ sequ?ﬁ’lce as present in the vaccine with
a vacci nated ani mal and correlating the absence of said
del eti ons améreforaumwanﬁemerhhomn%ﬂt the present inventioRE3ldtdd w% inatrsef fpn of
sai d ani nal Furthernpre, the structural changes resul ti nﬂ fromthe
altered pr o?'éﬁ'w%vp@%%ws-mfecte@ RaImals tremraniapls vagsinatsd witlk ap gftepuated of

the i nvent i géstiviils BECH#Ging %6 Bd iRVertRACEShBrising thenfen@&.he%@épsor pol ycl onal

anti bodi es, that do not recognize unal t er ed prot el ns.
Therefore, in af{furtQRbtainivgsample fremanarimeahof intewst suspacted ot pestiviras

met hod fgr di st @&Hn%}g\%oeﬁﬁéd"ér{lh\%r' nfected animals from ani mals

vacci nated with an attenuate virus according to the invention,
conprising the f(8) | oldengifying:pdnodified E glycoF(rQDeln ofBn stienugted mim"r@s byom

or 4 vacei nated ani ni1e SPBEAS Bhd BESbAdARY g polyolanalantogipociiE T o
gl ycoprotein of an aplyeoprateins ppresent rinssaid sample, said glycoproteings Sipsteg fi c
bi ndi f | ona ol ycl onal tibodies .to

g: chggo?ei Egngfesenk“qa{q.e@ ?amﬁt@,‘p rdéﬂ%/éBpm?{ émfflé"t'ﬁ& Ypereby said
nodi fi et by a met hodmonookdangr polytionali antibidieando MR Isthy t6 airinddified ERNS

nonocl onal or pol ycl opal apti bodi es do not bind to unnodified ERNS _
gl ycopr ot ei ns; Correlating the specific binding of said

nonocl onal or pgycl Cofrelating the specn‘"c bindingnéf Rald GhoNdddhal ¥R olyRRinef
animal and correlati nﬁ t he absence o anti body binding to

a pestivirus infecti®8 'W'@aw&hﬁlvﬁﬁ'"ﬁﬁﬁeﬁmmb apg correlating the absenenof so
that the presence of aRgsddyVbihding" @ 8" p&dtiviriis 3%9&&9'&%&6‘“’5%:%! under the

said sanple is established ot herw se. Vi ce ver sa, I's a
possi bI® to detect tPEOViSP:bALEhe:Atesenes @f)pegtswr@&trnmtanalylnlsas@lamnal and/or

said sample is established otherwise.

Vice versa, it is also possible to detect the altered and thereby structurally labeled
proteins by the absence of binding to specific monoclonal or polyclonal antibodies -

20 that recognize unaltered glycoproteins ERNS only, if the presence of pestiviruses can
be established otherwise. In a preferred embodiment the present invention relates to
a 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 from an animal of interest suspected of pestivirus

25 infection or a vaccinated animal;

(2) Identifying an unmodified E™° glycoprotein of a pestivirus by the
specific binding of monoclonal or polyclonal antibodies to ERNS
glycoproteins present in said sample, said glycoproteins not being
modified by a method according to the invention, whereby said

30 monoclonal or polyclonal antibodies do not bind to modified ERNS
glycoproteins;

(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



proteins by the absence of binding to specific nonoclonal or polyclonal
anti bodies 20 that recognize unaltered glycoproteins Eerr] only, if the
presence of Jeliogls  USES can be established ot herw sect/kronsqat ef erred
enbodi ment the present invention relat#s to a nmethod for

di stingui shing pestivirus-infected animals from ani mals vaccinated with

ol Foing st epb: . that the'Bre3efss  Bfal el 3okt himpP AP S8 saipe,

I Nt er est suspect eds edtablishbd otharwisg5 infection or a
vacci nated ani mal ; (2) identifying an unnodified Eferr]
gl ycoprotein of a pestivirus by the speci fi c bindi ng of

monocl onabf ouRsd, \taé mmlcumt irbdlﬁbaﬁbd andRSence of the RNase activityl lncther ot ei ns
present in said sang g ap rotleJ\r}g not, bei !g :
modi fi ®d (belednifugaes o H?"Hg’"t‘ﬁ' ReHt i ﬁ?’f”‘%'m% & [gRpoRsesinggnimals

monocl onalyhgh cBRIpYFadthe 388h0MRES PSSUItrgTRIM Rinkbeled ;msﬁv‘msemf&[nené IThe

gl ycoprot ei ns; g ) Correlatin %pfw BrA(Remflc bi ndi ng Ol; sai
nonocl onapeﬁiwlwsy@i thgdpvention e"c't a different istivgtdemyine regpoRse; coiyiars

i nfecti Ong (fiaéghé‘l’?:b@?' thaP diffors "fr%hﬁhhﬁ‘lgdifbé and possubly pathogem@tiﬁﬁﬂﬁ@ of

ant i body to an vacci hated ani s under the provis
responses. For example, glycoproteins E acoordmg to the mng@thrh\glllgpggteﬁce of

pest R ﬁégﬁ@l{:ﬁél aﬂttbb&eé B A8 &fffélreﬁrlﬁltﬁélr Ssiﬁﬁff@g when c?mggred to 1S

establTs rse ructur tion and
absence oboWdenﬂM&Mml keisulfing nff@meumBOdlf%d)th@@PmtelOgeé' hisr diffeeencaviant i on

et S oS P oA oty kg = 1o

pesti vi rupwwaﬁsesh&onnmnmvmtlemlfmm pestivirdse fieldt srﬁmiedhmlmalsc Testaufor

I ' of i ed
and pose! Brgeniy Ao edtifa et SHiidbe walalnr bl WA BRIE °7
E[ er r §5 aceprad magkedrodéléon mutationoof \thatl epitepel forithe 1|6J.|rpps¢ yof | difieﬂen’eiaﬂngbodl es

b1 yc onalMer(Ed oA cSabaatipd MRS TR E oPh . Yol VTR il for

di fferencpseuuorabues-imfewedwmcsmuﬁateﬂ pigs (Kibet alg4991). abel for disti ngw shing

o0 VB e, eSS WS A B ek,
speci fic gtinguishing pé‘étivbmiinﬁactédlamnmlsfmn animals vaccinated eiithpan attsinueied
20 - pestivirus according to the invention, comprising the following steps:
(1)  Obtaining a sample of polycional antibodies from an animal of interest
suspected of pestivifus infection or a vaccinated animal;
(2) Identifying any specific binding of said polycional antibodies to
unmodified glycoprotein EX® or glycoprotein ERM® as modified
25 according fo the invention.

(3) Corelating the binding of said polyclonal antibodies to unmodified
glycoprotein E™ with a pestivirus infection and correlating the binding
of said polyclonal antibodies to glycoprotein ERN® as modified according
to the invention with a vaccinated.

30
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15  Starting with the full length cDNA clones pA/CSFV (Meyers et al., 1996a) or
' PA/BVDV (Meyers et al., 1996b), from which infectious cRNA can be obtained by in
vitro transcription, subclones were generated. For CSFV, a Xhol/Sspl fragment of .
pA/CSFV was cloned into pBluescript SK+, cut with Xhol and Smal. For BVDV, a
Xhol/Bglll fragment from pA/BVDV was cloned into plasmid pCITE-2C, cut with the
20 same enzymes. Single stranded plasmid DNA was produced from these constructs
according to the method of Kunkel (Kunke! et al., 1987) using E. coli CJ 236 cells
(BioRad) and the VCMS single strand phage (Stratagene). The single stranded DNA
was converted- to double strands using the ‘Phagemid in vitro Mutagenesis Kit'
(BioRad). Some of the synthetic oligonucleotides which were used as primers for
25 generating the desired pestivirus mutants are listed below in an exemplary fashion:

C-297-L.: AGGAGCTTACTTGGGATCTG
C-346-L: GGAACAAACTTGGATGGTGT
C-297-K: ACAGGAGCTTAAAAGGGATCTGGC
30 C-346-K: ATGGAACAAAAAGGGATGGTGTAA
+-C-346-d:  GAATGGAACAAAGGATGGTGTAAC
B-346-d: CATGAATGGAACAAAGGTTGGTGCAACTGG
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construct pA/BVDV/ins- a cRNA was transcribed that gives rise to a
noncytopathogenic BVDV upon transfection in suitable cells (Meyers et al., 1996b).
The different full length clones were amplified, -and the plasmids isolated. The

presence of the desired mutations was proven by DNA sequencing. 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

20

25

30

i

purified by gel! filtration and phenol/chioroform 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 plasmld 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 thereafter. Part of the cells was seeded into a 3.5 cm
diameter dish, fixed with acetone/methanol at the day thereafter and analyzed by



C 297-L: AGGAGCTTACTTGGGATCTG C- 346- L: GGMCAAACTTGGATGGTGT
C 297-K ACAGGAGCTTAAAAGGGATCTGEC 30 G 346-K ATGGAACAAAAAGGGATGGT GTAA
C 346-d: GAATGGAACAAAGGATGGTGTAAC B-346-d:

CATGAAT GGAACAAWO©9/8480d GCAACT GG The doubl e st rroTdRPd9/pa6aes M d
DNA was used for transformation of E c@li XL1-Bl ue cells (Stratagene).
Bacterial colonies harboring plasnds were isolated via anpicillin

sel ect i onimMuasictesddhcea withr moanb:tbrendf f BVDMGSpea:mI yﬁ@ﬁ:dnnanuadltmtjiede 5
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t . th d
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Xhol and 0 obtaln the BVDV CP7 nutant, a Xhol / Bgl I'l fragnment
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construct E Ins- a cRNA was transcri bed gl ves rise

noncyt opa® Egenﬁegfwmﬁﬁplﬂtﬁﬁ\ﬂ%ﬁ@b’ﬁ% Qfﬁh%BN%Qle@EBT%eQWQM the al .,
1996b) . 1%, %tﬂé'd full length clones were anplified, and the

pl asm ds 1 sol at ﬁmg'llﬁn%is pr esence of the desired mutations was proven by
DNA s&Quencing. After linearization with Srfl (CSFV full length

cl ones) of ?rga.‘ (BVDV full length cl ones) CcRNA was transcribed as
descri bed eviously (Meyers et al., 1996ab). RNA was purified by gel
filtrati omaem;:] phenol / chl or SeguehesintRIasedmotind used Tor RNauesST Viablligh Of 20
porcine kidney (PK15) cells or bovine kidney (MDBK clone Fgyityt edfinfutapiSFV or
BvDV pA/GBEN I UCT. S.STRENCPEVEIC!) . Tnaﬂswxskemmmawvere anal yzed by

i munof | ugrgggence LWIW‘PE'KWH:S spechz_l *,! EnW cases where the
desired s coul nnuno Iuorescence posi tive). the
viruses ugﬁg&grrpl i i Fﬁf’ﬁ? '&gggi‘g‘é: on thE8LENEN WENW i nes usell for the

transf ect CER7T-bRffeL i.medt & G INPENIC. anal .y KIHEBIN Kh&@SFN/W-. . +
C-207K ..SLKGIWPEKIC... ...RHEWNKHGWCNW..
C-346-K ...SLHGIWPEKIC... ...RHEWNKKGWCNW.. +
C-297-d ...SL_GIWPEKIC... ...RHEWNKHGWCNW.. -
C-346-d ...SLHGIWPEKIC... ...RHEWNK_GWCNW.. +
C-296/7/8d ...S ___ IWPEKIC... ...RHEWNKHGWCNW.. -
C-345/6/7d ...SLHGIWPEKIC... ...RHEWN ___WCNW.. -
C-345/6-d ...SLHGIWPEKIC... ...RHEWN __GWCNW.. -
C-346/7-d ...SLHGIWPEKIC... ...RHEWNK __WCNW.. -
C-342-d ...SLHGIWPEKIC... ...RH_WNKHGWCNW.. -
C-342/6-d ..-SLHGIWPEKIC... ...RH_WNK_GWCNW.. -
C-301d ...SLHGIW_EKIC... ...RHEWNKHGWCNW.. -
C295S/G - ...GLHGIWPEKIC... ...RHEWNKHGWCNW..
C-300-W/G ...SLHGIGPEKIC... ...RHEWNKHGWGCNW..
C-302-E/A ..SLHGIWPAKIC... ...RHEWNKHGWCNW.. -
C-305-C/G ..SLHGIWPEKIG... ...RHEWNKHGWCNW.. -
C-300-W/G-302-E/A.SLHGIGPAKIC... ... RHEWNKHGWCNW.. -
C-340-R/G ...SLHGIWPEKIC... ...GHEWNKHGWCNW.. -
C343W/G ...SLHGIWPEKIC... ...RHEGNKHGWCNW.. -
C-345-A ..SLHGIWPEKIC... ...RHEWNAHGWCNW.. -
C-207-K/346-K.. .SLKGIWPEKIC... ...RHEWNKKGWCNW.. +
C-297-K/346-L...SLKGIWPEKIC... ...RHEWNKKGWCNW .. +




25 mutants included determ nation of one step growmh curves and
characterization of viral RNA by Northern blet with virus specific .
cDNA probes as well as reverse transcription pol ynmerase chain reaction
(RT- PCR) and wol9se40&nt sequenci ng of t he PCR fragnment BCT/BPI@864LY t he
presence of the desired nmutations in 2%e viral genone. In all cases

t he presence of the desired nutation was proven. Al of the 30 recovered
Vi ruses BABVDEQUAl 1.\ LEGT WEIKPCAJUG CIR HEW N H GWEIN W .01 RINA | Usl as

the virugapegul ting gl_r @,W,nglesm d dﬂzﬁ@ﬁWK‘QGWqﬂW d type seguence.

The vi ahlllfy of ¢ D\ _mut_ant was shown hy T.ran f1on of the

respect i hwm Table 1 éfﬂ?t fn5IRNaserqstivty wardons i lnsa Bapgignt ashay.BHK2Y . Part of
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acet one/ rre er ea ter an ana
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of the ciacllsation at 87 2630 adt@slincithator, e transfected cellsowdie, lysed and r act was

i oot coPRRRELSetfminatoh of RIER ARy, S ogHpad velodleBiibited Ve by oy

speci f i cdetermined ks dessribeddelaw.days post infection. = Table 1 summarizes
the different changes introduced into the conserved sequences of E[err]
representing the putative active site of the RNase which are encoded by the
i ndi cat eExathples2 Bffecréfdifféfent mutatibhe oh RNase aetity of E*'S Sequence
in RNase noti f RNase  Viability

actiWWty of nutant pA/ CSFV ... SLHGA WPEKI C . ... RHEWNKHGACNW .

+ +  To tdst the/eflect of the dﬁféréﬂt\mﬁﬁl&s on the RNaW@'@W appropriate +
& 346-L cells were IfnfeGlct\e/\g%vlftlh the mutant vnruses or C%‘/wlvhe infection was carned out
with a multiplicity 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.
15 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/ml bovine
serum albumin; 1% Tn'ton. X1 00; 0.1% deoxycholib acid; 0.1% sodium dodecyl
sulfate). The lysate was given into 1.5 mi reaction tubes, sonified (Branson sonifier .
B12, 120 Watt, 20 s in a cup hom water bath), cleared by centrifugation (5 min,
20 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 p! of supernatant of the second centrifugation step and 80 pg of
Poly(rU)Pharmacia) in RNase-assay buffer (40 mM Tris-acetate (pH 6.5), 0.5 mM
25 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 LaSO, ‘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 supernatant 3 volumes of water were added and an
aliquot of the mixture was analyzed by measuring the optical density at 260 nm using
30 ‘“an Ultrospec 3000 spectrophotometer (Pharmacia). In all cases, the mutations
"introduced into the E™ gene completely abrogated RNase activity (Table 1).



C-297-L/346-L ...SLLAWPEKIC... ... RHEVWNKLGACNW . - + C 297-K

.. SLKGWPEKIC... ... RHEWRKHGACNW . - + C-346-K_ ... SLHG
| WPEKI C FRPKKGACNW . - + C-297-d° ... sg.égE\apﬁdgkg
L RHEV\NKHM . C-346-d 23... SLHG WPEKI C .
RHEWKKGACNW . - + C-296f178-d ... S | WPEKI C .

RHEVWNKH - 345/
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B- 346-d . SLHG WPEKI C . ... RHEWNKGWCNW . - + Legend to

Table 1: TeFdbié@A Rl\Beeemﬁhaﬁm »fmsd@&ﬁvuvoadtﬁe'taﬁt diras@ssay. BHK21
: uerst et al 1Q86) and t hen

cells were-nf nhtf.d_\. na virys VIEZ-3
transf ect efiwit HARE [Co Crom 846 @134516 G-3d6:d/Rs |epntral Asni d DNA,
transfecti H2D2s0 124 | zn?g IMrfP(‘ 14s rebtbimendk®iBby thel$dppliler
(Qagen)). After 10 hours 5 [ ncubation at 37 Cin a CJerr] incubator,

t he transflct ed |A#oit s G E|Cy297d oBB46-L | C-287d¢C 6-K-or | dE-RO7TH I346+HoN | Of
RNase acti @D@étﬁ 08e52160e¢0.3¢50W 0.7Vi abj0.v9y Wi:766 0.77
- C297-K/346-L ' C-297-K/346-K C-346:d-~| : : .~ ‘Control*=: *
) ODzeo 0.725 0.835 0.8 , 0.84

- 15 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

20 observed differences in RNase activity were not due to different amounts of EX
protein in the samples since similar values were obtained after quantification of ERNS
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

25 cor;snderably, 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

30 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
--ODg_so 2.5 1.1 1.1

35 Description of table 2B
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anal yzed éachmmatant mhrgetmg!eta;ibmdr Ggomean ﬂ@@@cﬁwohmﬂg hedsweightivaset r ospec
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1). 15 was administered intranasally (one thll'd in each nostril), one thirdzi;:tramusculaqlaor t he

BVDV MUt 2 R Db Motk oudB3 6 831 6tha VbR LG8 HoB VB ERR LAY

transf ect passage o recovered Vi ruses S t ransPect ed
wi th the animals twopties befoes Rhfection end phidays 3, S5pds 10: 121apd ddt Ibadditien.seeded -

2o Sy entl By A1 THS SimEgth ) igpicher o
i nfecti OnerIsi‘shmldl typioal synmtemsmfctlakswhl swine favar likedfavesy atama anorex:a
20 diarrhea, central nervous disorders, hemorrhages in the skin (Table 3a). Virus could
be recovered 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
25 (Table 3a). The témperatufe 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). |
30
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recovered fromRNA transcribed in vitro from pl asm ds .g. CGW from
pAl CSFV; C-arglciinigal @lﬁqﬁMeIezlwondedeﬁnd sungmanzed as d%tadleasn\the dablexs.a.: no
recovered f,E) e&y _(generated by reversion of nutation in 30
pA/ C- 346-d by hange 0 e respective cDNA fragnent against the
equi val ent fragnent derived from pA/CSFV); control: extract of
non- i nfget . B-WI B-346-d control
o err] e 2 ega'f)géilgﬂ’&‘icﬁ“ "tfg"“%gﬁé'e‘eéﬁ infRetien’ apl e 2B
Animal experiment 1 - _ : :
Animal |infected viremia at days post infection
numberjwith '
3 5 7 10 14
He8 IC-WT + + + + +
{#78 C-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 celis. After

incubation at 37°C for 72h cells were washed with PBS, fixed with ice cold
15 acetone/methanol and analyzed for infection by immunofluorescence with a

monoclonal antibody specific for glycoprotein E2 (mAb A18, Weiland et al. 1990).



24 MDBK cells were infected with in vitro transcribed RNA, split 72h

post - transfection and anal yzed 24h |l ater for RNase activity.
Infection o (} | 1's was proven by I mmunof | uor esc pgRPMNBE4ESi S as
described in ext. - B-WI: viree recover ed from pA/ BVDV/ | ns-;

B- 346-d: virus recovered from pA/ B-346- control; extract from

"macti vat 18RI S¢: DeVeldpmant of GREY ﬁ@?ﬁ'ﬁﬁséﬁ@'@?ﬂ@ﬁ'@**‘r‘*i‘ﬁ@ Roe. act vty

i nactivati on_o e RNase activity

i nfl uenceaaygrpmaar Q@EIR ci 25 of{6®0 [Mesti vjAQuses|87n their natural host,

ani mal experipedtsiwel-e—cgndy HER—HHA R - C- 346-d) (C346-d I n
t abl es) . {9ia%€0ecdve} B8 1 #O’ﬁ?’fﬁé 1821 | 4§§ng 14 _ Wi t hout

mut at i on b}é(#aerCSF V).) £48 19$4aS 1a439031| 1458e B8 A:4373 in tables). For
each nutgnt thrde pigets g'bree rqan 3 ace @%) t 25kg body wei ght)
wer e Piged4 | The -i pF@cttor dds@zv\és 140f rr] per aninal; two
t hi rds of—the—TTioTuiate 15— Was adi ni stered | ntranasal ly (one third in

each nostril), one third intranuscul arly. The two groups were housed
i n separ aDescriptioatof dablerdcc s. Bl ood was taken fromthe ani mal s 'tvvo

ti mes bef | i on,
terper at uf Bt el TR HreB e P vits gt G- detiifind ot Pihe

wi | d t§pepoints duringibe ahimad éxpgrment! synptons of cl assi cal SWI ne fever i ke

fever, I |

he\r/mr r haggé H?ﬁf ﬁ?oé'@%‘ﬁs?rﬁ'gbwgﬂegékega E@nélgoﬁlnaé}ﬁﬁ%oéb%gg #'@5?@3‘2’ or m t he

bl ood on diays GSWIAIW ubﬁ&jenarﬁtmsmMmtés IrR:,ubAﬁDn at 37°C, 10Gapl ofikcells#68,

#78, #121 Th '

oy 14 pott 5rﬁf b5)ihere AR el e Ak o Sedell B I VoP HERe BE 22, coul o

be det ect g cells wedenfixdnivitadte cbh%mnﬁkhsthanbleen@@nalyrzéd tfdjlemfadtlentbydi d not

(i oufG omeuauorsdngs Wi,z Eianaanna; antibody Spe el fr GvedRssiaR B2 ERbeve,

Ert opged Nte A8 tﬂﬂ/élnana et)erh 1800N0 0:1 &y 60 post m&tidntt?e atnlmalﬁaﬂéréedrﬁdeﬁg"edm the
00 vert he infecte Vi rus

nost | i ke h?éﬂ)@ﬁ‘i% 0&33&% éﬁ"ﬁ&r h%ifﬁpi‘f Swﬁﬁﬁ}?ewgﬁ%ﬁqrs?%"&% fhodi es' .

(Table  resuftinlyin 88mplete neutralization of input virus.

16 Example 4 Induction of protective immunity by infection with RNase negative

virus

To analyze whether the infection with the mutant.virus had led to a protective
immunity, a challenge experiment was conducted about 9 weeks after the infection

20 with the CSFV mutant using a highly pathogenic heterologous CSFV strain (strain
Eystrup, orrgmated from Behring). 2x10° TCIDs, of virus was used for the infection.

This amount of virus was found to be sufficient to induce lethal disease in several
preceeding experiments (Konig, 1994). However, the animals previously infected
.with the CSFV RNase mutant did not show symptoms of disease after challenge

25 infection. Neither fever (Figure 3) nor viremia could be detected but an increase in
neutralizing antibodies indicated productive infection and replication of the challenge

virus.



25 Table 3a: Cinical signs after test infection:

Animal - experiment 1 Ani m infected with

clinical signsyoeggastio: : - f ever:idi ar - C:p@l-,m,g,,afgb
henor - apathia nori bund at Hermr rhages 27 rhea

di sorders rexia rhages day of I n organs at :

i n"skin ' : . : + + +
N 4 Engn?r‘lﬁlQ"iﬂq aébﬁﬁﬂﬁ&ﬁ&? of ‘J‘,tte“"at""ﬁSé"c@% oy + +
+ + + + #121 CW + + +
+ + + . # C-346-d . .

n a. 1;-?28“@-" that g'te observed attenuation o? %e mu?iant virus is indeed due to the
n. a. #életiof-oP 4ite Histidine at posxtuon 346 of the polyprotem and not a consequence of

n

De ' of T e 3a |l ets (Gernman | and race;
abgut 25Rg %d?g{ﬂllﬁﬁéflfﬁ%] s??PQ‘ﬁ\Iﬁ“ﬁr'ﬁHﬁé‘oTe% "ﬂﬁo eggquance Wassegtored by
separ at el y) ekeﬁ@gertsflwqie% Xhol/Nuiet Fiia mensoamelmh Iéﬁ?tt?cloﬁé?ﬂ/@%@d SinbtV-
W (1-10[err] TG D err]) and 3 animals with C 346 1.10[err] TCID?err])

Rectal tenpdi@cgFEsponding ﬁ'ﬁﬂ"@m o @&’C§F§fn€'sﬂbyﬁgr@éow%d¥%§egmr iThed as
detailed i ”eﬁapﬁmefnﬁthl)(énsea flom PA/C-346-d"/ak CRFAlyARE bPChbQENRIE seqddhcing’ At ©

3b: Blood ¢ virema after test infection
Ani mal  expemutatiansy Except famtheadeletior cafethe triplet coding for histidinen46 zof theys

post i njgeti %ﬂ/protem Hb’%eﬁ@etﬂth regard to the wild type sequence was foand. From the °
cDNA construct with the rescued mutant, virus V(pA/C-346-d/Rs) could be recovered
that grew equally well as wild type virus and showed equivalent RNase activity (Table
2A). _

In a second animal experiment, the rescued virus was used for infection of pigs. As a

15 control, the deletion mutant was used. Again, two groups consisting of three animals
were used. As the animals were younger (German landrace, about 20kg) than those -
in the first experiment, 5x10* TCIDso of virus were used for infection this time. Again,
the animals infected with the mutant showed | no clinical signs (Table 5, Figure 4).
Only one animal had fever for one day. Nevertheless, these animals developed -

20 neutralizing antibodies and were protected against a lethal CSFV challenge.
Challenge was again performed by infection with 2x10° TCIDs, of challenge strain
Eystrup. The animals did not show clinical signs after challenge and the temperature
stayed normal (Figure 5). In contrast to the bigs infected with the deletion mutant, the
animals inoculated with the rescued wild type virus developed fatal classical swine

25 fever. One animal had to be killed 11 days after infection, the other two 3 days later.
All animals showed typical symptoms of classical swine fever, i.e. fever, diarrhea,
annorexia, and pathological signs like hemorrhages in different organs including the
kidney.

30



#68 C W + + + + +
#78 - CW + + - + _ +
#121 G W gy + + +

0 99/64604 PCT/EP99/03642
B70  C 3406 s C346-d  28#74 G 346-d Description of
Tabl e 3b: Bl ood cell virem a was detected by cocultivation of blood

37[err]C for 72h cells were

NS hed w Tablersd: CiniH sjgns atarteafinSish

acet one/ met hanol and anal yzed
for infedtion Dby I munofl uor escensénalexpeniment 2 nonocl onal anti body
speci fi c [Aam. ficfecedefy gt ei n E2 (mAb A18, V\éi | adiivicabdignal . 1990) .
Tabl e 3c:|M3eyel opnent] of CSFV specific serum neu ralization titer days
p.i. -3 [0 1} 25 ffe0 d'a"h°7’6E:. sr'd ng anorexia mor-' abqth& % nd at hem reh g - 162
1:162 1:162 [1:486 1:145%8 SBIgH 72 [ "1} 18 1l nasls 4 ﬁ;&
1:1458 1: aa5d PHO T4 54— *F 4_1. H62—1—4 98
Descri pti egore s At oyt tiersof ot Us rnfected VVInLaIT trus
mut ant C U]&L34UI- terrmed—at ~feremt—tTe—=5 OTTTC UULI g Lllq,aanﬁ al
experi nefffsrcassars e o thedrfutedserommese—m xc:,.l W r]l
of medi uriRORBEEIRET 3G CH P50 Uf= ViTus {CSFVAfort# Tobimge)—Af t er
90 m nut ' EOT it STfer TG IpodEnTIic o4 -1 v (. 5xiofenr]
cells) s rUMN §© Was seeded 11T 96 Wel T prares. Arter |72 h

the cells were fIXed W TIT T ce cord acerone/ Methanol - and anal yZed 101

I n corrple

i nfectiong, | munof | uorescence with a rmnocl onal anti body specific for

gl yCOprOt t nd #9'Rg Blod

nf ectj on,, a" : ?‘&“‘ B Ao AL WALNIOA I3 o e o (e

Strain Ey | PSR TR s s“&h%ls with C-544!l ting
%4 dlh IOwas genve% from mutant C-346-d by restoring the

wnld type sequence of E™ gene Rectal temperature and clinical signs were
recorded and summarized; n.a.: no necropsy was performed.
10 - _ . .

“Table 5b
animals during viremia

Diagnostic RNAse test with Vifuses recovered from infected

Alfort| animal #3

C-297-K

animal #5

- C-207-K

animal #27

C -346-0/RS

animal #28
C -346-d/RS

C -346-d/RS

animal #30

Con-
trol .

0.56

1.84

1.93

0.49

ODse| 1.84| 0.60 104
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) i_hfected with wild
type CSFV (Alfort) served as controls. Animals 3 and 5 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. |

15

20
Example 6 Effects of double mutation within ERY®

ERNS

To test the effects of a double mutation within on the ability of the respective

“virus to replicate in its natural host and on pathogenicity, an animal experiment was

25 conducted with mutant V(pA/C-297-L/346-L). Virus recovered from the CSFV full



15 Exanple 4 Induction of protective imunity by infection with RNase

negative Vi rus - To anal yze whether the infection with the nutant
virus had | ed otective i nmuni ty, a chall:enge expgétpEysiosedss
conduct ed aboJ% 5 ﬁ@gks after the infectiZd8n 20 with the CSFV nutant using
a highly pathogenic heterol ogous CSFV strain (strain Eystrup,

orfginat ed figfyh @ﬁhélmbut %&Mkﬁr((/lpﬁébﬂlféérlleﬂ’fas\ﬂbﬁdbﬁc nif Fof 84cH he

i nfection. I's amopunt of virus was e sufficient to 1nduce

| et hal di sem@anﬂhmg@ts (breed: &%meadnndgra@ﬁp@bqut@ﬁtl@ f{udurwe;ghtlwszg used.
However, t hepantitpich 86{@’%8&'?&1’05'1;?956& mak; Wd dig @Eﬁ cu tant

did not show synptons o | sease eh e her
fever (Fi guradninisteced mtramasan)cemledhnwmaachcrto@mmone&mrd ntramalseulally Blood

neutral | 81 ALk Inb AL BoroRS PR 8oy 8] SRLORRARNS, HORSRARDOM ©f

t he chal Nenge
at t enuat i on addition] femperature was fezosdedvdaily{Big. Ghé' hetmmnab(hfet:ﬂedmlﬁithen of the
mut ant virus |

osi 11 on sagoyleRESEL MY apy Hinical SuBhloRts, Bheeng ninas Bever °

uni dent i fi edtoppednsking up f6od. The@nimals shvived nbye@ermuﬂmme%xpmﬁai@n by
ul | Ien h clone pA/ C 346-d

h f t of t
e nar® © pBriod Lanimpleaye AT A5/ FHERR APITR! 4571 OREY ) BAPEPIIIAAL. Wil 3
type sequen%@cteﬁaﬁnfecuon céwswrmhwﬁ the Fight KIRY Y. A Sttt of e YRR Ey

nucl eoti de sequenci ng f nmut ati ons. Except for the del etion of
triplet codWiy %"@i‘%‘ﬁ%l% 4 terpperaiise 1efurnes| to ogmat valuesowithin pae dﬁlte with

regard to t AR 54 e truct
with the rescuedi gﬁ%é‘ﬁtsm VI T us V(aﬁll%ga%fgédrf gh@ aoh d‘mr/ecovergé)'lﬁ§

that grew eifamiawardetegted gt lafet ‘}‘p@ Wlﬁt%@’a@lmﬁ%)hbﬂ@dlw& developed RNase
activity (TaBliffalizing antibOdies (Table 6b). For animal 45/1 the neutralization titer was again
B 156 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

Days p.i. |-
Pig 4511
Pig 45/Il
Pig 45/111

+ + + m
[]
[]

20 Table 6b Neutralization titers

Animal | day 0°{day:20.p.i:

45/1 - 1:128
452 | - 1:256
4513 | - 1:256

25



In a second ani mal experinent, the rescued virus was used for infection of
pigs. As a 15 control, the deletion nutant was used. Again, two groups
consi sting 05 S ani nal s were used. As the ani malpgripsomssunger
(German | andrace, about 20kg) than thod8@ in the first experinent,
5x10[err] TCIDerr] of virus were used for infection this tinme. Again,

the ani Mg higq! qﬁm@g&ﬁaxyﬁ@% HBc@lé BY i BYDY Virgs' 20! € 5,

?ever

Figure 4). ne day. Never eI ess, these
ani mal s devel oped 2(B-3ﬁ>dt’r alizing antibodi es and were protected agai nst a
| et hal CSFV chal | enge. Chal | enge was again performed by infection with
2x10[err] TA Derr] of challenge strain - Eystrup. The aninmals did not

show cl'i niThid expegimentivas desibred wrigeestigatetthe attemyatioatprineiple as well ay b nor nal

i ol 8 1 penogSReheing BubNSaisd P et BRI BV e 1
cl assi cal comipafing it withaheB-wan mmrembaﬁeaevrotmpmvn\mm THe WASBB4BaT

Ly one by ST i Aol BV BV bsion e peR s K R s
ﬁlngng;lt hObBQihﬁﬁl'elﬁtiv@rt&tﬂé SN fuadon 348 dTifighry €Nt organs i ncl udi ng the

Tabl e 5a: Tbrqwreaps of BYRV sefanegative animalsafi346 months of age were selected.

Ani ”all()ex%uﬁ?‘lqhna 2 compné@dl Blaniral8 a6l whilé Broup 3 comprised 3 animals.
clinical si fever diarrhea

anor exi a H@lmals of ﬂMPHl @%Wﬁfﬁjﬁfﬁ%ﬁd %ﬂ@fﬂﬂ!ﬁfg@!@ﬂ of 2x10° TCIDgo of B-346-d
di sorders group ”IZ g(iﬁ& vBiume of S‘n{P Bgﬁ%gté"tAmmals were infected

skin nas a cropsy

- mtna-uauscu!arly (glutearnmpiseley intranasally and subcutaneously (over scapula).
qugea Bega% 9gg4adays+after#r§&:tﬁn§6' ?erﬁr’ iain both+groups was momtorejrj

15#2 thraughipardfrieters like blood cell viremia and virus shedding in nasal swabs. In

addition, clinical parameters like rectal temperatures, white blood cell counts and

n. a.
+

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

20 infection of the animals of group 1 with B-346-d. Animals of group 3 served as
challenge control and were infected according to the procedure for the animals of
group 1 with the virulent BVDV-isolate. The BVDV virus (#13) belongs to a different
antigenetic group (type Il), whereas the B-346-d virus belongs to the antigenetic
group (type ) according to the classification described by (Pellerin, C. et. al., 1994).

25 Animals of group 1 and 3 got infected by administrétion of 2x108 TCID5, 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,

30 clinical parameters 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).



#30 C346-d/ RS + + + + + + +
*fever for only 1 day Tabl e 5a: 6 piglets (German | and race;

about 20 kg b ight) in-two groups (each group 5 was %ﬁ@g
separately un er”.ly@%Fatlon condi tions) wete included in the study 3

animal were infected with nutant C346-d (5.10[err] TCIDerr]) and 3 4
animal s wit | ’ /, rive
et i pood S S ke i i ks han b erade |
Rect aI tenp&)ahmcleaw\uduatma@aﬂemajns Qﬁ/&*&ﬁ-d competsd Wihd summari zed;
n.-a.. No NeEYORRNeMBY idofdtd 43 ditplnduce mTtﬂglaﬁuﬁgls 8f @égiﬁn@miat est

vmth Vviruses recovere romi nfe virem
Al fort ani nwith typicabsignsbf #BVDVamfenﬂbn#ﬂ&é rectahienujeratnfe mcmasenive#&@en@n-

G 297-K 50 gg%%veral d@%@%ﬁpe %)R&qn%slgﬁégpe%aﬂ%a%le géGegl/eﬁ&d Bfo%dg:gll v:renqa err]

1.84
Viruses reoq@ablectf) &nd virdssheudimyinafasalniwabl fuid (Fable 3gRin dentrast malsdfect i on

axampl e 5) PR, whichad hasdVacrinalee B leEtor WRG B A shEWDRSHN { ur e

titrated angknicapé gﬁ'ﬁbti)ﬁfs typiesidores BVDM Mfection afiér fhechall&ivgé ;af&ﬁen with the
Non-i nf ect ed PKl ells and cells (control) infected with w

SOy (AL ordimiard BYEY leslatarti1 3 citisre was i SOrificaRt inraase Ineenial temperiarss | 1
rrut ant 1@2%f§mﬂé&ﬁfn bté”?d}'a'f 338 erv tabﬁoﬁ&%%s%@@b%ﬁ%éﬁéﬁﬁm ant

346-d/ RS, as 1 ndi cate ects of
doubl e nut anammtuﬂetamdrdt@m qr able 7e) No B cotld bedsalatedSram the bioat| e

mut atrion wi (ﬁ' bia ﬁLEﬁcf }or%ﬁhfchﬁ %rﬁﬂcribl \W:s%{ Elgﬁ F%%Wéﬁ exuda odduitPpd ©

replicate in 1ts natural an ani mal” experi ment
was 25  colefecied (Tatile Kghut ant V(pA/ C—297 L/ 346 L) Virus recovered from

the CSFV f uII'Hereﬁo{'e infection with B+ %g?ﬁ th@h@@g sttbhd iinuf RhicRUdakyhetfeds”)

served as oSIti've con
16 chmcal 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)
Dayof [0 [1 2 |3 |4 |[5 |6 |7 |8 9 10 [11 112 [13 T4
study:
Group 1 388 (39,1 [39,0 {38,7 |38,8 | 38,7 |38,7 [38,5 [38,7 | 38,5 | 38,5 [ 38,5 | 384 |38,9 |38,7
Group 2 |38,8 39,0 |389 38,6 |38,6 | 38,7 |38,6 |38,4 [39,1 | 38,4 [ 38,7 [38,6 |38,7 [38,6 |386
Animals of group 1 were infected at day 0 with 6x1 0°TCIDsp B-346-d, whereas

20  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 6 6 1 14
2 4 6 2
3 5 5 1
4 - - 0
5 6 9 3

2 6 4 8 5 4.4
7 4 7 4




mut ant three piglets (breed: German |and race; about 25 kg body wei ght)

wer e- used. The infection dose was 1x10[err]  TCID[ err] per aninal; two.
thirds of t dofsodoy! at e was adm ni stered intra-nasapbyrb®nssst hird in
each nostril), one third intranuscul ardd. Blood 5 was taken fromthe

animal s before infection (day 0) and on days 5, 8, 12 and 20. In

addi tion,} tengergitgre way recorged dayty (Ffg. 0).41he anj mals infected
with the Hgo,ut! e rr‘.,'t4ant eHHd—rot {r*m'ﬂ' e+—a4)¢—e4-+4v’-c—a4— synptons, and the
ani mal s rjever stopped taking up food. |The anfmals showed no feer
over the whol ¢ dRpeéri nent4al _ per#®od (atin mal s 45/ 2 anf 45/ 3) except

ani mal . 848- by
injury of therbw&%wsﬂ ﬂ@ﬂ{%ﬂ@laﬁ Fg?atgsr’ ggt r?egﬁ?fe%ﬁé?mﬂs‘ ani ﬁgﬁﬂd@mevm th an

ant i bi ot i ©spa . 0@ mt @frhs@qclaweﬁeeadd@ﬂae eaeh pb3 sultyras of eallitestisGta) eellsne day
F 6 day 5
(oS g et S54RI gl (1 SPAAP RS Gyl MRePbOGHIGRY, 027 >
ani mal s dincebatipadnoculum/measiium waszreplgcemmm&esbme(dmMatheuyhensun Aftgrmal 45/ 1
th tral t t 4.5 th . d
e T ndphERln 3o d 6 bl e BVIRR dkiy cliREE ARGy 1.5 TUNI IS B L
resul ted hnnhmf@ofmémmnthmpolyblmgabsémmmcﬁcforBVDV Tabl e 6a Test for

\F/>: geT5?| Nggative cultures were frozen and subsequently thawe?f 0.8 mt theregf \gelféﬂSFed

- to a second passage on Cte cells to confimPihg aﬁéhd:é of BVDV. - 20 Table 6b
Neutralization titers Ani mal day 0 day
20 p. i _ _ 4511 - 1:128
gg/ 2 10 -Table¥c256Virus shedding in nasal fluid: 45/ 3 - 1: 256
|Group | Animal | Firstday | Final day'nasal 'Number of | Mean number of
nasal shedding days virus | days _detected
shedding recorded | detectedin | virus pergroup
recorded | exudate |
1 1 4 8 4 2,6
2 6 6 1
3 4 4 1
4 5 7 3
5 3 6 4
2 6 6 8 3 3.6
7 5 7 3
8 5 8 4
9 5 6 2
10 3 9 6

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



Exanpl e 7 I munogenicity and attenuation principle of the BVDV virus
"B: 346-d" This experiment was designed to investigate the
attenuation principle as weti>as the 5 immunogenigity of the BVDV virus
B- 346-d' recoveosdsisedm pA/ B- 346-d by conparing it w tlraiEry/@Beuar
virus recovered from pA/ BVDV/ | ns-. The 3% r us , B- 346-d' " is of course
mutated in original BVDV position 349 but named "B-346" to indicate the
posi tion Mabld Tde tMeilhcediEHHn#ﬁéraMresMghm B4ndd figure 1. Three
gr oups ot—B\VD\/ canpngafi\ wmlrm S—of—3 nf h—~ of aga—Wetre. cr’l eted- 10
-1 2 13 alc4h N aL ;

(%)

3 nimgl s.
Ani mal s gftudyy oyp 1 and 2 werelinfpcteld by adm ni gtration of 2x1) rr]
TG D err Grﬁﬁp 1_:’:— 3856188,6)385 3&@ 88,§| 3B)4 [@B,4538M | 383 B3] 8)34| B84 | 984 (5% @859 Nl
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addi tion, par anmet ers e recta ures ood cel |
counts and general health paraneters were nonitored. The

prot ecbi v¥ableZeri t Meayewhite blood céllcouats wi t h an antigenetical ly

het er ol ogous and vi rul ent BVDV-| solate (#13) was i nvest [ gat ed by
chal | engeeipfeat-of g efberT0 4inf\5m.6,.. A *Vg\ oy 5 ) 1
W th 5-3%"3 ni mpl's (? group 3 served gds Chal | 'engé ccﬁgr )1 g]g ver e
i nf ect ed|{3%¥or di ng{to | he |prodedufe flor tlhe ani mpl s jof group 1 witjh
the viru|Gnip BYDVe | i a1, 1(Th(h98VZN2v 8;&15 go# 81),2 aﬂleangs t106cl1ﬂ18 fow@mt

anti gene Grbu;mww SRR A T{TF 8 [T 635 ua'7'l=r=o HONES (@2 tes

ant i genetig ounl (i atcor classifli catliont deslcti Bed

by (Pel | eFRTA @”‘gf‘e" %ﬁ'ﬁp'egg’gﬂé takgg daﬂhf"ﬁﬁ! ‘%ayofz forbupest caplienpefami nf ect ed

by. adni ni ééélﬁéhnﬁi&lﬁb&%bﬂﬁ%&rbom%%%% bﬁod%\é%/m EDTA ﬁ%@&émbfé}ﬁ) in a
vol ume of m per_route nimals were infected via the Intra-

nuscul ar (Vgr%{’@ﬁrm'ﬁﬁgé'ﬁ'éﬁa$¥ﬂ“ﬂ%'\4§?§%ﬂceﬁt§w§tﬂ5@@ﬁ)ﬁneous route (over
Scapulm) Over a period of 14 days after infection virema in both

groups Wagaffe st Orﬁiﬂf\hsolated ﬁ;,ﬁrmagaésm bl ood cell virema and virus

sheddi ng in nasal swabs. dition I ni cal paraneters |ike rectal

\t/v(ea?ge:rgmgoi Erir-,pd. Afztaeii'rnéill In;‘ =c?¢é{ \lﬂ'[.lﬁ @%’?@93 irgﬁ 'n'gé?smécﬁli nm'g%%%%g%
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(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 mi of blood were

added to each of 3 cultures of calf testis (Cte) cells with medium containing heparin
15 (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



clinical synptones (not shown).

31 The reduced blood cell virema (Table 7b) and virus shedding in .
nasal swabs vdadésgos 7c) did clearly indicate an attenatsprosiosedz B- 346- d
conpared to B-W. The virulent B3V isolate #13 did induce in the
animals of group 3 a strong virem a wi th typical signs of a BVDV

i nfect i onBVDKmféREd ablls weRUclb {6 bY RmAASRIcARYZEnée ARth ia%nyc‘ibdxal Q{;rluﬁﬁver al
ce

days (Table 7d), strong | eucopenia (Table 7e), extended bloo virem a
(Tabl e 7f pPasific farB¥PVheddi ng i n nasal swab fluid (Table 7g). In contrast,
ani mal s oiNegati lem e ' e, B¢ | ' '

B- 346-d, di gégﬁ%ﬂagfén%‘gtémnfg&e% c ﬁﬁ@f&'ﬁ?ﬁ%%@gﬁ%ﬁ%@ Batied,

i nf ect i oniaREEEONchRASHAGR 10B{¢fe cells toceaniirm fhe Agaqmée of B i rul ent BVDV

i solatg #13. There was no significant increase in rectal tenperatures 10
after 1nfection (Table 7d). The observed | eucopenia was very margi nal with
regard t oTable 7g:nadfirusiskedding innasaldiuidTabl e 7e). No BVDV coul d be :

i sol at ed fsrort-ie—biaod = | virus
sheddi ng [CooRJaATels ] XK doy nasdl *"‘@é‘?ﬁﬁ_ﬂ% 7 R Joral0 o] 7).
Thereford, inflectiop wihesding- 346- eherdien c dduration phngsa) ich clearly
reduces 15 dlinichl wtaded, Yirresorsdded(istegding(dayejjood cel |l vifem a-after
chal | enge§ T J||f L,fi.'un wrtrse tret-er-ot ogotrs—BYDY Sot-ai-e- Tabl e
7a: Mear] rect t epper atures|in group (B- 246- d)] and 0? (B-VN) Day of
0 1 P 32 4 5 6 7 § 9 1q 11 12 13 14
study: f Geupjl 38,8 39,1 39,0 34,7 39,8 39,7 38,7 38,pb 38,7 38,5
38,5 38,4 38, 4 Sg, 9387 Sotp—2—368:84539:6+38,9 38,6 ,6 38,7 38,6
38,4 39,1 38,4.38.7]138 6 33 71383 6 38 6 Anirals of group 1 were
infected|at ddy ® wth 6%10[efr] TCPD] er{] B-346-d,| whereas 2 ani mal s of
group 2 re iInfAactpd wsh 6x10[ervd T erriz B-W. 10 FIJg. 7b:
Bl ood celfl vi rrengza—pf—or-gups k=2 SgHp—AR1 nal Fir day nasal
Fi nal day nasal szRmnrgpﬁ ﬁu’r ht | n:“nf Mf».a.u_ﬁ;.l_u,n of g

)1 13 3 8 6 :

Nasal exudate was centrifuged (10009) to remove gross debris and contaminants.
Supernatant fluid was removed and 0,2 ml thereof were seeded to each of three cell
cultures. After overnight incubation the inoculum/medium was replaced with 2 ml of
10 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
15 ' histidine codon 346 by RT-PCR

The RNA sequence coding for the conserved RNase motif in CSFV glycoprotein
E™S is highly conserved. Among all known CSFV sequences no nucleotide
exchanges were found in the region corre'spondihg to residues 1387 to 1416 of the

20 published sequence of the CSFV Alfort strain (Meyers et al.,, 1987). Thus,
‘oligonucleotide 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.

25 Different oligonucleotides covering the conserved region were synthesized that either



sheddi ng recorded shedding recorded nasal sheddi ng (days) group (days)
1 6 6 -1 1,4
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0 5 6 . 9
2 contairfed the_histidine cﬂcAifon or not. These oli§onucleotides served as upstream
4 primers in RT-PGR reactions with oligopucleotide EF°-Stop agydownstream primer.

RNA guﬁﬁed fromEtQ'EﬁeQ!uﬁﬂfé saris ﬁ%&é&%ltﬂ%iaﬁslﬂo é—Wﬁa@ ?JQ%—[PBF c-

i nfection with respectively. bl ood were
added to eadfbdf lssmthelvwe&r usedras emplatesctRgverss trgnscnptlowqf 2 pedhesh

cont ai ni §g BSR&&@ nl?ﬂlAé[Q thin82°E0 5 ﬁl"&'mcecb 1125 é@%)f w%ijr% B B ﬁ@% of 30.

i ncubation I nocu i um was fep aced W Ium WI epari
After 5 i pblobeaverse prmer)awas;deneiaﬁter adgitiow of wd%'émméIZSgnMeTmluetm&m by

cul tures. wer 8o prKCh 7.5 o NS O KBRS A B i i gare. A0

to a seconddfaAPs AGIR)N 16t mfeRNAQUartbc:PﬂamtaciaheFreibeglCGeMarﬁde 50 lﬂ) of

lﬁﬁgf g;y g ! uscﬁgﬁgg«? ?‘gﬁ;r'\nrﬁp?@is ﬁlﬁﬂf_m%ggqﬂstem Germanysj?or 456‘ min a{ 37‘Fd ‘A g;y

sheddi ng0 finishing revefsestransdﬁMbndﬁieembesiwere placed on ice and 30 pl of PCR A&gl (8. ggd
recorded oA TRRARY, bhs.a! B3RP kY 24 mM MgCh: 0.42 mM of each dATP, SHIP. ©

exudat e
2,6 . 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

"0~ W! OINE
-b'! .

primer Ol H+3 was used, the reaction mix for amplification contained no DMSO.
16 Amplification was carried out in 36 cycles (30 sec 94°C; 30 sec 57°C; 45 sec 74°C). 1
ul 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, brimer pair Ol H-3/0I E™Stop allowed to specifically amplify a
band derived from RNA containing the deletion of codon 346 whereas with the other
20 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:
25 Ol H-3: TGGAACAAAGGATGGTGT
Ol H+2: TGGAACAAACATGGATGG
Ol H+3: GAATGGAACAAACATGGA
downstream: .
Ol E™Stop: GGAATTCTCAGGCATAGGCACCAAACCAGG
30
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9 5 _ 6 Figure legends 10 _ 3

9 _ 6 Nasal exudate was centrifuged (1000g) to renove gross
debris and contam nants. Supernatant fluid was renoved and 0,2 m were

;Sﬁedeld tmo egfdmeﬁ : Tivecfirs£495 amino agldstaﬁaq:re#écbbyMAﬁogfs&ainmm\bn t he
ocul un medi um was repl ace d Af. t
i ncubati on 1Oe Sﬁﬂﬂeﬂ%ﬁl St“Q\/%‘P"Y H'@cfrg}j 4§é|q@|naac§sdg§n%&b%jsw bye{he Alfort

i mmunof | gor QﬁQﬁW@SF\V Wéy&@ leY &1, 01589) SOA mmrfdf ‘thé gnyc&watém ERNS of sald
Tabl e 7d: Mean rectal tenperatures of groups

0 1 strain cogrequnds tocthe amjno acids 268 9 494 8s deg@bedllzy R@ X'fgapf et al

d
g%u 4y 38 4 3 é@zfﬁg 8R§snd§§s ”2938&:63613 a?nd3&$§ t@%ﬁ@ re’if?eébnﬁﬁg 4h§8reg|03§ 537183@19’440 ,

40,2 40,4 homelogydo planheanunml BNagesg(Sch[)elder et al F'@Q:i)aﬁret‘-@ﬂﬁé‘ﬂﬁ@ures wer e
recorded up to 16 days after challenge infection. Aninals of group 1
and 3 were infected by 6x10[err] TG D err] of the virulent BVDV isol ate
#13. 50 - Fighire 27 Rectdlitampehatuee buivecdfanpimalscafterdest infectimyof -2 -1 0
1 2 3 4 5 6 7 8 9 10 12 14 st udy: Goup 1 .
11,9 11,9 11,3 10,8 9,2 8,2 8,9 9,9 11,2 11,6 11,6 10,6 10,8 10,8 9,4
G oup 3 1lDE||%5etﬁalJt§nﬁ)eﬂa1urb was' recorded ffort defy, B befbrd till 8lay 187pést Bxfécnoﬁ 2
6,4 6,2 DTA bl ood cel |l sa I.ea wer e .t aken d?jn{é/fromplay IWn
post chal | eﬁ?ggtap tefpperature curve is ailed for each animal O group infected wzt

virus V(pA/CSFV) (continuous line) derived from plasmid pA/CSFV or with the virus

15  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.
20 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 2x1 0% TCID5, from the CSFV chalienge strain Eystrup

25 Figure 4: Rectal temperature curve of animals after test infection

Daily rectal temperature was recorded at days 0-18 post infection. Réctal

temperature curve is detailed for each animal of the two groups infected either with

C-346-d [V(pA/C-346-d)] (dotted line) or with the restored virus C-346-d/RS [V(pA/C-
30 346-d/Rs)] (continuous line).



each animal in both groups. Counts of white blood cells in EDTA bl ood

sanpl es were determ ned using a Sysnex Mcro-Cell Counter F800. 10
Tabl e 7f: BwYYaedat ed fr.om bl ood sanpl es Group PCT/EP99/036Af mal
First day virus K nal day virus Recorde3? Mean durati on

det_ect_ed in detected in  duration of (days)

bl 60d Fight@8Rectal VérﬁHéra'tﬁ\'fbAMhallenge ilifection animal experiment #2
(days) 2l ex

0 0 2 -

2 Daily rectal temperatuofe was recorded at 8ays 1-10 post challenge virus infectgm.

- Arimals challenged with a lethal dose (2410° TCIDso) of the TSFV challenge stin
5152 5 Eygs’trZIp had been infectfg with mutant C—3%b2-d 37 days in befoge. 13
EDTA bl ood was sanpled daily up to day 10 post challenge. 0.2 m of bl ood
wer e added to each of 3 cultures of calf testis (Cte) cells with
medi um cont & IBRFRYGhepBertal 1temperatyre; ofi apimals otreated: (viith | aggouble; gmutant
overni ght incubation LacsiditgidELbmple’§s replaced with fresh nmedi um

W t hout heparin. After incubation for 4 to 6 days cells
BVDV i nf ect ed cells were detected by i munefluoreszence with a pol ycI onal

serum C refro en. and
subs equent I y 'le ?t%ﬂée%a?%(%arse%) OeT e&?)dés%é’fjﬂé)gt%h%ﬁ?@g VIR Sﬁ%c“sas"%'

on Cte cell smmantw;fA/CfﬁQ'f’Hﬁmaance of BVDV. 5 Tabl e 7g: Virus
shedding in nasal fluid Goup Aninmal First day nasal Final day nasal
Recor ded Mean duration sheddi ng sheddi ng

duration of Figasd 7{ daPiscrintination tigtween C-346-d and CSFV without deletion of the
histidine codon 346 by RT-PCR according to example 8
15 '
a) Primer pair Ol H-3/01 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).
20 b) And c) The other two primer combinations (Ol H+2 and Ol 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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WO 99/64604 - -
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E132 ° 6 Nasal14exudate vvaséiaéﬁ'ﬁl fuged (1000g) to rem)ve gr oss
debris and contam nants. Supernatant fluid was renmoved and 0,2 ni

t her eof were se ed to .each of, three cell ,CL{Et %ﬁs Aft er overni ght

i ncubati on 't he | e YPEAPRCOMBHSING @ Pestivinys, yhereiR aie agivity residing i um
Af ter incubati ogy ééyroténﬁ'ﬂ‘&yg;mwtemf ected cells were detected by

i mmunef | uorescence with a polyclonal serum specific for BVDV.

Exanpl e98 Discrinination between C 346-d and CSFV without deletion of the
15 2. ThéWaddird sridimon 'th%?@n %ldFﬁNE@acﬂwty is inABivtdiby 8?

coding for the conserved RNase notif in CSFV gl ycoprotein

hi ghl'y conser veand/ermuigtians ofiatdeast oaremingaed ok said @lyegerateini de
exchanges were found in the region corresponding to residues 1387 to 1416
of the 20 published sequence of the CSFV Alfort strain (Meyers et-al.
1987). Th ud,  The vadcinerasspesting toeclaim Zyovhereiprsaicdeletiens and/er mutations otk

regi on the 96 gg ﬁﬁ %ﬁlrng _@é?tfﬁbs'iﬂ%n%ﬁg g@aﬁ&lﬁ?*ﬁﬁ&%n 485 6 359! n Of

err

al | |solates consequence e absence 0
tri pI et codi ng dsodeseribed i ﬁgyreda‘o( thecC8bY iAlfost stwmn an exerhplaty mannéldonbe

detected by an - P i at.e igned priner. 25
Different oli goﬁ@%@@é%im?ﬁgrﬁﬁg% ssgid\/del%mggdé{e@n wer e synt hesi zed
t hat either cont ai ned the histidine codon or not -These

o gonicl <5t e G480 BB o R 3 L s 8 il

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

20 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,

25 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.
30 7. A pestivirus, wherein the RNase activity residing in glycoprotein EF 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.
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RNA purified fromtissue culture cells infected wwth G 346-d, CW, C 346-L
or .G 346- K, respectively, were used as tenplates. Reverse————..

transcri pti onwefoosdogr r1 g heat 5 denatured RNA (2. m”"m
ice in 11.5 [err]d of water in the presemgge of 30 ﬂ Mﬁw
primer) was done after addition of 8 [err]l RT mix (125 nM T¥i

182.5 MM KC, 7.5 MM Md [err], 25 mMdithiothreitol, 1.25 mM of each dATP
dTTP, dCTP, dGIP), 15 U of RNAguard (Pharmacia, Freiburg, Gernmany)

and 50 U of g Th&u tmrus Rif Ellinh €7, TamBRM agie RNUde aBBEGN T @idttivated NByY)
for 45 mn at 37[err] C. er 10. finishing reverse tl’anSCI’IRtIOI‘l the

t ubes were pl aceée@HW%é" on mudations; lpcated abdthe gming gcids at pos iom 265 to 393

pHB8. 3; 33.3 MM Kghd/of pésitibh %Qt&o%'? as @eé&ﬂéﬁ'tﬁ?g@i&h 6B, CSH\TWfort strain
dCTP, dGIP; 0.17% TritonX100; O. o bovi ne serum al bum ne; Taq

pol ymer a§e (Appl iny@necxaranlan m@ﬂger eémﬁﬁworﬁm tt@rerﬁ%owmp \ﬁé’ﬁ@sa@ﬂé@'d
When pri meg');e% {dtelnwas used, the reaction mx for anplification
cont ai ned no DVS % rrpl ification was carried out in 36 cycles (30 sec
94[err] C, 30 sec 57[err]C, 45 sec 74[err]C. 1 [err]] of anplification

apar at od by e el b Aok PORRRTCo0R, wnblih AR RILEE aBAAGE aonyqred By °

denonstrated in Eelytloﬂ or mutation gfdhe aﬁtmd—la&ﬂ(at pBbiton B&6 ops dééambﬁd in ﬁgure 1
i fi I I d d m RNA ntain t,he on
oF Codori0aut whofadle GSRY A BifaEh 26 St AdpoB? Bt Afetiaraie et

cont ai ni ng codonofiéd straine, cfgalid dliyespretath.no band was observed when the
RNA with the deletion of this codon was used as a tenpl ate. Primers
for RT-PCR upstream 25 g H3:

TGGAACAAAGGADSGT Bhe Bestlwrus according to &hly bHe of clauﬁm'l:m RNase
01 H+3: GAATGGAA CATGGA downst

E[err] Stop: GeAARGMAInestvalesrivedelelionofipe h'St'd'"e residue at position 346, %S
36 15 described in figure 1 for the CSFV Alfohti di#hrf irl 88E&Mplary manner or

corresponding thereto in other strains, of said glycoprotein.

11. 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

20 346, as described in figure 1 for the CSFV Alfort strain in an exemplary
manner or corresponding thereto in other BVYDV strains, of said glycoprotein.

12. A nucleic acid coding for a glycoprotein E"N®, wherein the RNase activity

residing in said glycoprotein is inactivated by deletions and/or mutations of at

25 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 exempla'ry manner or corresponding thereto in other strains, of said
glycoprotein are not lysine.

30 13.  The 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 and/or position 338 to 357, as described in figure 1 for the CSFV Alfort
strain in an exemplary manner or corresponding theretb in other strains, of
said glycoprotein.
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Figure 1: The first 495 am no acids as expressed by—the-Alfort strain of
CSFV The sequence listing shows the first 495 ayy ' as expressed.
by the Al foWO9%9B4&¢rai n of CSFV (Meyers et al., 1989”"%’&&“’ t he

gl ycoprotein E[err] of said strai #0corresponds t© tchey s aciMis 268
to 494 as described by Runenapf et al. . (1993). Residues 295 to 307 and
338 to 357 representing the regi ons show ng honol ogy to plant and )

fungal RNases (Schneider et al., 1993) are underlined.. 10 Figure 2:

Rect al t emder affheaucleic/acidfof slaimdi2sorat3, avhergiptsaichRblasée @aativity is inadtwated

rectal tenperatur v 2 hefor L \ :

I nfection. - tbyée&%@?! éiﬁ%&éj "éﬂuérf;ﬂ?u%éoi %ageﬁﬁsg@hf%&e%%ﬁegﬁﬁ%glmof t he
group i nf ect edfigireht fdrethe CSFW Alfordt strainfihGBiFeYentplant manoersot coregspdading ed
fromplasmd pA CSFV o, with the virys 15 V(pA/ C 346-d) derived from

pl asm @ pA/ G 33@%"("& heéa%r?lpﬁ,eef_saldrgqyco&gp re 3: Rectal tenperature curve
-of animals after challenge infection Daily rectal tenperature was
recorded at days 1-21. post challenge virus_infection, . 20 Anim

Chal | engedSu ¢ g TGEHEARBETECIDR U A BRSO HRIERY 14 J 14 WherRReard Rigsha
been i nf ect ed %ﬁ\{i‘kﬁ@ﬁ\@&ﬁva@cﬁﬂ}ﬁm@ deldtiof o it histidihe PSsidlay At posithnf 3965 ags

detailed in e text. Rectal teﬁerature curve is detailed for each

ani mal of the geemiped in figura feh & hABQr gfrainy in aexeaplary MNRef 86 CSFV
chal | gpge st raihrEytnkilg therd® infdtidHstraths, Fesdidblyb6praasimt ure curve of

animals after test ‘infeCtion Daily rectal tenperature was recorded
at days 0-18 post infection. Rectal tenperature curve is detailed for

each ani majg of At i \RbREYEE Shy BRE oficidims 12 td©18Wnéein said

[ V(pA C gﬁ'é d) f\ %Ey@ﬁ"?%g? %dr%\;inmﬁtf tﬁe)t restor ecli \sfi rus C—'34%- g}nRsSal

[ V(pA/ G 30 34BNasesciivityds inactivated by thecgleletion of the histidine residue at position
' 346, as described in figure 1 for the CSFV Alfort strain in an exemplary

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

17. Use of nucleic acids according to any one of claims 12 to 16 for preparing
nucleotide- and/or vector-vaccines.

20 18. A pharmaceutical composition comprising-a vaccine according to any one of
claims 1 to 6, and/or a pestivirus according to any one of claims 7 to 11,
and/or a nucleotide sequence according to any one of claims 12 to 16.

19. A method for attenuating pestiviruses characterized in that the RNase acfivity
25 ~ residing in glycoprotein E™™S is inactivated.

20. The method of claim 19, wherein said RNase activity is inactivated by
deletions and/or mutations of at least one amino acid of said glycoprotein.

30 -21. The method of claim 19 or 20, 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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37 Figure 5: Rectal tenperature after challenge | infe
experi ment #2 Daily rectal tenperature was re H “1
dose

post chal | engavoresreaendi nf ect.i.on. Ani mal s chal I. en
(2x10[err] TG D{err]) of the CSFV challend& strain 5 Eystrup had been
infected with nutant C 346-d 37 days in before. Figure 6: Rectal

tenperature gp aniygl ﬁxefﬁoﬁaé&@rd/ﬁ\? fo angGnRl 61 EHIANEO to 21, wherein said RNase
according to exanple rectal terrperature was recorded prior

and post chal | engretiyity isdnaciivated; q,{ptgqp or mutaligp of the amino@acid at E?%t!ml 346,
Figure 7: Discrigd H@édri%d Bt CRa»genu f%r?cﬂ&cémﬁuf&%i{aw if %Uéxéi*ﬁ;h%f' ABnr drhe

hi sti di ne codon 346 by ccording to exanple a) "Prinmer pair
g H3/g EHerr] S!QS{?SQPNJU!S thegetoda othar stiping, ehsaid QkYC@P@tml@t derived from
RNA contagning the deletion of codon 346 (C 346-d) as described in detail
in exanple 8. In contrast, RNA, not containing said deletion does
not i nteract2di t WThe method emcmdlpgltmnypame of Claifis 19 182 whéreir Gal) RN28e b)

A0, ©) e X e SN ol o i B e Al B30
g H+3) . ddschiben |rcﬁ9u:be1 ddws thev €8 FuhAlforRistkaihr innain fe&eﬁxﬁfaﬂdehaﬁrieﬁm
mitant G 346-d corresponcf‘ ing e Sn Bttle? réR'ams of said glycoprotein.
10

24. A method for producing a specifically attenuated vaccine characterized in that

the RNase activity residing in glycoprotein ER™ is inactivated.

- 25. The method of claim 24, wherein said RNase activity is inactivated by
15 deletions and/or mutations of at least-one amino acid of said glycoprotein.

26. The method of claim 24 or 25, wherein said deletions andfor 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

20 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 deletioh or mutation of the amino acid at position 346,
as described in figure 1 for the CSFV Alfort strain in an exemplary manner or

25 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

30 corresponding thereto in other strains, of said glycoprotein.

29. A method for detectably labeling pestiviruses characterized in that the RNase
activity residing in glycoprotein E® is inactivated.
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- strain I'n an ex

- e —

d ai ns: 1. A live vaccine conprising a pﬁmmmm“l t“ln t he
RNase activity residing in gl ycopr ot ei at ed.
2. The vaced9ssdem claim 1, wherein said RNase actfvity'is " nacti vat ed by

del eti ons - and/or nutations #2 at |least one anmino acid of said

gl ycoprotein. 3. The vaccine according to claim2, wherein said
del etions gpd/ Ofpdithéthb@NSf efafin 180, wherein |é§iditmas'€ dehiit2 18 nﬁhcﬁ%téa s\{)
position 295 to 307 and/or p05|t|on 338 t described in
figure 1 for tHdeletigng andfermputations of at W%ﬁoﬁﬁém%ﬂ‘}'d ﬁ&ﬁﬂélﬁ'ﬁppmtem
corresponding thereto in other strains, of said glycoprotein. 4.

The vacci ne-according to any one of clalns 1 to 3, wherein said RNase 15

activity i81i nathe methaed pf claim 20 gn3Qrwherei sajd dgletions andfaromutetionsiare
~posi tiog 346, Iocatfed at the aﬁﬁ*\odgtﬁ&r LPgskitidh éggﬂf 307'L aiﬂfor %@ltlﬁ%gs%%%t

ereto 1 n other
strains, of saiab @wbpd m&uie 1 for the CBFV Al‘lmtastvasloan ae en:enmfady m@anNner any one

of claims 1 to é{"ﬁgﬂﬁ {‘Qg‘%%tg “B %?S@Q ofsa @g&{? tte¥1 | s inactivated by

t he del etion of heoredlgue ar 03|
described in figure 1 for the CSFV Alfort straln |n an exerrpl ary manner or.

correspondi re i th trains C e| n A

vacci ne acc dl-ﬂbe a%q?5§8$%3|a£yr%ﬁe10f8 '}l) gf %w&@?ﬁe\n rus,

25 10 Wwher Gaoﬁvmisdnmwedwtdemtbn orsnutatient omé@alnm(y atileatpokitibh 3960 t he
46, as described in figure 1 for

hi sti di t
The! PV Al f or tasdeserined n ftre 1'roP e 5§E{}é‘§a¢p§fﬁ9'maﬁﬁé?mma%man S ng

thereto in ot hegorn@¥bdhdihd thefsto irPbthestdains, of said glycopsdteopr ot ei n. 7.
A pestivirus, wherein the RNase activity residing in glycoprotein E[err] S

I nactivat ed by del etions and/or nutations of at |east one am no acid of

sai d 33. Theghﬂéﬂ%ré&o%fding'\ﬂté Ak hﬁ‘lepépﬁlbﬁﬁh bbab 32)awiverbifOsA¢ IRNaset
p05|t|on 297 and/ or 346 described in fi igure 1 for the CSFV ;

Al fort18trai n iactivity @WV@FP? bm,shgglegqn of the hlstldme 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 method for the prophylaxis and treatment of pestivirus infections in animals
20 characterized in that a vaccine according to any one of claims 1 to 6 or a
pharmaceutical composition according to claim 18 is applied to an animal in

need of such prophylaxis or treatment. |

035, A prbcess for the preparation of specifically attenuated pestiviruses
25 characterized in that the RNase activity residing in glycoprotein EF™® is
inactivated.

36. The process according to claim 35, wherein said RNase activity is inactivated
by deletions and/or mutations of at least one amino acid of said glycoprotein.
30 | |
37. The process according to claim 35 or 36, 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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corresponding thereto in other strains, of said glycoprotein are not
| ysi ne. 8. The pestivirus of cIalﬁT?"‘mhérern“safd—E&bse

e e ot b 2 co s A

to 357, as described in figure 1 for the CSFV Alfort strafn 5" s  »in
exenplary manner or correspondlng thereto |n ot her stralns of said

gl ycopr ot ei n. The, pesti virus ¢l ai rg 8 wher e| ai d
RNase activ38y iEhq ﬁ&?@?%&?@%fdlﬁ‘ﬁ to any one o %‘@Fé bh 2'( hgrelp is3 aBhe

am no acid at poghibinPi |§é’(§wa@8 oy RfeAdtionSst rhiatibw B @Ielarﬁﬂo acid at pdsitiorf 345, CSFV

Alfort strain in an exenplary manner or correq_gon ing thereto In
ot her strains, cﬁs@%ﬁcubgdytﬁqweﬂefphthe CSFV Alforpstrainiya apaxemplandnamss i ng

to any goe of C'«ﬁ)‘ﬂ’é%g?n&l %mt he r§ﬁén§s%§j lycoprotein, activity is

I nactivated by t et| I stirdine res at position 346, as 15
described in figure 1 for the CSFV Alfort strain in an exenplary manner or

corr espondi t PR Egs %E&fr&m?t@aé on| fof %@lﬂs%ﬁfoo%g%&ewr\ said RNaaél

A BVDV pestTVirus a clarns ern sal
RNase activity |act|vm5a|stsmamvmdwthedetéhb&bftm histidime residute ali positions346, as at

" an exenpl ary desciibes iPRolESF fortR CREY ANE afeingh. A xemilan e oy

strai ns{p of sai ccoplegponding thefeto in other strdifls, of'%amJg!yedpromd.d coding for a
gl ycoprotein E[err], wherein the RNase activity residing in
sai d glycoprotein is inactivated by deletions and/or nutations of at 25

| east one agp.no Rpictess forahdl pepseastivhafaipacifitilly lhbsied peivitisbh dhafdefrized no

acid
| ds in that the RNase activity residing in glycoprotein ERN i

is inactivated.
15 41. The process according to claim 40, wherein said RNase activity is inactivated
by deletions and/or mutations of at least one amino acid of said glycoprotein.

42. The process according to claim 40 or 41, wherein said deletions and/or

mutations are located at the amino acids at position 295 to 307 and/or position

20 338 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.

43. The process according to any one of claims 40 to 42, wherein said RNase

activity is inactivated by deletion or mutation of the amino acid at position 3486,
25 - as described in figure 1 for the CSFV Alfort strain in an exemplary manner or
corresponding thereto in other strains, of said glycoprotein.

44. The process according to any one of claims 40 to 43, 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

30 corresponding thereto in other strains, of said glycoprotein. |

.. 45, Use of a vaccine of any one of claims 1 to 6 for the prophylaxis and treatment
of pestivirus infections in animals.
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at position 297 and/or 346, as described in flgure V Al fort
strain in an exenplary manner or corres lmmwmm' n ot her .
strains, of WQPY64604 gl ycoprotein are not |lysine

nucleic acid of -claim 12, wherein said fNase activity is inactivat ed by

del etions and/or mutations that are |ocated at the am no acids at posi tion

295 46. U® o? pﬁaﬁﬁéﬁeuﬂeﬁ' ¢drRPositivh bP cibimh: 1@?fo.dﬁechro3>ﬁgnake bhpure 1-

for the CSFV Alfort strain in_an exenplary. man

cor r espondi ng tW@?BfPfrPQ%'WE#S igfactipnssin apfmals. sai d gl ycopr ot ei n.
14. The nucleic acid of claim12 or 13, wherein said RNase activity is

i nactivated_: by deletion or nutation of the am no acid at
position 346, ddsalekz ppglivirupef any one of claims ¥ §a1d apdfasra nugleatioe\sequence

2{ ' g: 255 ”O?”Sg }o?ﬁc%td@l'ﬂ?ﬁﬁe Of cfafthé ?%g&qafﬁlgthe “preparation. of Q%%E‘Png & gaoi ger

protern acid "accor
any one of cl almrmacelmcamothan sai d RNase activity is
i nactivated by the deletion of the histidine residue at position 346, as
described in figure 1 for the CSFV Alfort strain in an exenplary manner or
10 48y r e poethiody  fonedistingaishing heests/iruwmfecteof animals g froarp panimals .

16. A BVDV nucI e| .C i d,accordi tQ.an 12 tq 15,. rein
sai d sfale St acsepingdy Audied Baslybe bRttt ool srapintal
“hi stidtme resi (kﬂlénaétenmtmms is attenuated accobdifig tora miethed obanly be &f gaihs 1 for
the CSFV Al fort r.aln_in.an %egﬁ é éq manner or correspondi ng
thereto in ot hergtg\?%vcgwpﬁ?'ﬂ% DPIQUM SGPFcopr ot ei n 17. Use of
nucl ei c acids E(¢P0r¢bféln'h§ @BampReeiréth &l aninal 62|rﬁére§16sdsfpbcﬂeaaﬂ6]désﬂﬁrus
infection or a vaccinated animal;
(2)  Identifying the nucleotide sequence of a pestivirus within said sample;
15 (3) Correlating the deletions and/or mutations of the E™S nucleotide
sequence as present in the vaccine ‘with a vaccinated animal and
correlating the absence of said deletions and/or mutations with a
pestivirus infection of said animal.

20 49.° The method of claim 48, comprising the following steps:
(1) Obtaining a sample from an animal of interest suspected of pestivirus
infection or a vaccinated animal; '
(2) Identifying a modified ERS glycoprotein of an attenuated pestivirus by
the specific binding of monocional or polycional antibodies to E”NS
25 glycoproteins present in said sample, said glycoproteins being
| modified by a method according to any one of claims 19 to 23, whereby
said monoclonal or polyclonal antibodies do not bind to unmodified
ERNS glycoproteins; '
(4) Correlating the specific binding of said .monoclonal or polycional
30 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 pestiviral material in said animal and/or

said sample is established otherwise.
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nucl eotide- and/or vector-vaccines. 20 18. A phar @QULJ—E‘aI”CO
conprising a vaccine according to any one of “\ﬂ‘f ‘
and/ or a pest wo sssoaccording to any one of claims 7 to %

and/ or a nucl eotide sequence accordi ng to4any one of cl ai 2 tLo

19. A nethod for attenuati ng pestiviruses characterized in that dt he RNase
activity 25 Jvate

20. Thg met %d of cI ?:hg rﬁ%hbﬁ' gkléﬁrﬁﬂga@hﬂ?\ﬁﬁime]follambg%‘r\é I nactivated by
del etions and/ or {tut aQbtaipirgfa aambleafsomoa e animal of diftest suspealed) of pestivirugi n.

30 2_1 The met hod o nfgéti’ﬁnrgr gvag;céép%%%mwl n said del eti ons and/ or

mut ati ons are- oca no acids at position 295 to 307
and/ or position 328p tédediifing an unmodifiedaE"te glydoprateinnof iag pestivirub oby tth@

CSFV Al fort strain in_an nne ondi n
thereto ih other straf® HEC'F%&HBQPS Bfmy'E'SB?‘El?'é?' or polyclonal a""{még%

met hod according to aglycopeters Presertt ihdsdia Qémplwﬂ%raﬁi @Iﬁ;@bﬂ)téfh@%t bemg
act|V|ty|s i nacti vat ed am no acid a

| et t t he
posi tion 346, dbfyeé’i’eyoi E'@?'?QS@%F‘?%&'SQ 15‘(21) 2‘@39"? &f clajfas ¢ ta/23y Whﬁ"@by

strain in an exenpl ar !aiﬁf’rﬂﬂﬁécl&’fal or polyclonal anﬁtSHd&SBQ'h@'t Béhdt gr"nSH‘ﬂeﬂ ERSS her
strains, of said glycoprotein. he method according to any

one of clains 19 to 2 glycopretains; sald RNase activity is

doscri bell in 11 guek 1 Crner dedoekeis Bidd ' S48 RonBaSngt, 80 mflsiord
correspondi ng theret oahtibouiesewith;arme'stlwuwwmd i Ispidogmintatiand cbfrelating the24.

ftb‘hgft hod for produci ng,g, 50& nhﬁé‘&;} Bindi ngetgua%t SSboraesd Qr%mcarll%aer tﬁcralpzrg\ﬂsé "

that the presence of pestiviral material in said animal and/or said
sample is established otherwise.

15
51. The method of claim 48, comprising the following steps:
(1) Obtaining a sample from an animal of ihterest suspected of pestivirus
infection or a vaccinated animal;
(2) Determining the absence or presence of RNase activity of a
20 - glycoprotein ERN® within said sample;

(3) Correlating the absence of RNase activity of glycoprotein ER™S with a
vaccinated animal and correlating the presence of said activity with a
pestivirus infection of said animal.

25 52° The method of claim 48, 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™ or glycoprotein E™NS as modified
30 according to the invention. _
(3) Correlating the binding of said polyclonal antibodies to unmodified

ERNS

glycoprotein with a pestivirus infection and correlating the binding
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the RNase activity residing in glycoprotein E[err] is inpgii T
25. The nethod of claim?24, wherein said RNase act:i vi tymﬂ'ﬂ H ”@H’ﬂy
iy *

15 del woOi%a4s0end/ or nutati ons of at | east one am ne ac
gl ycoprot ei n. - 26. The method of 48l ai m 24 or 25, wherein sa
del eti ons and/or nutations are | ocated at the am no aci ds at

position 295 to 307 ajfdailpdiidrial Atibbeies 18 ghrbprotein XN as modifledSstordifgd i N

figure 1 for the CSFVY Alfort strain in an exenplary nmanner or 20
correspondi ng t her et ¢° i Brenptfonyyithya Maccingted.ai d gl ycopr ot ei n. 27.
The met hod according to any one of clainms 24 to 26, wherein said RNase
activity is inactivated by deletion or nutation of the amno acid at
posi tion_. 346, as described in figure 1 for the CSFV Alfort

strain in an exenpl ary manner or 25 corresponding thereto in other
strains, of said glycoprotein. 28. The nethod according to any one
of clains 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 exenplary nmanner or
30 corresponding thereto in other strains, of said glycoprotein.

29. A nethod for detectably |abeling pestiviruses characterized in that

t he RNase activity residing in glycoprotein Eferr] is

i nacti vat ed. 30. The nmethod of claim 29, wherein said RNase
activity is inactivated by del etions and/or nmutations of at

| east one am no acid of said glycoprotein.
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31. The nmethod of claim29 or 30, wherein said del etions and/or nutations
are 5 |l ocated at the am no acids at positi-on 295 to 307 and/or
posi tion 338 W8 9sesba4 as described in figure 1 fetribsni&EY
Alfort strain in.an exenplary nmanner or correspondi ng thereto
In other strains, of said glycoprotein. 32. The nethod according
to*any one of clains 29 to 31, wherein saikd RNase 10 activity is

i nactivated by del etion or nmutation of the am no acid at. position 346,

as described in figure 1 for the CSFV Alfort strain in an exenplary nmanner

or correspondi ng thereto iFigaréd@r strains, of said
gl ycoprotein.. 33. The nethod according to any one of clains 29 to
32, wherein said RNase 15 activity is inactivated by the del etion of

the histidine masGieluey abn HI9SPHsi GHn L34 Bou @ Lys Thr Ser Lys GIEES Plaevhl igly frlogure 1
for the CSRy A\'/aL%rL il PﬁJ Ual' grmp%ﬁm' 8l yArgBr%“?.ef%e Gly Asn Pro Ser Glu Val

cor r espondi % er et ral ns
met hod for e"”ﬁr”d‘b@’! <‘§§" y"a‘r?éf Lys &y Fohtis fspig ¢ X/|Af-‘h§’y ‘ﬂ'?Pe’@t iy qhr
ani mal s 20 60 Leu Arglhap dett Boi Argd.ys 16/t Wet Ces Argcler rGly dere bilsdieagGl cPranvial See  of _

clainms 1 toaﬁpgleua Tyr lle Lys Pro é)ﬁ@#&%ﬁﬁ}r' Bl ik WP IH tThrD@IyaﬁrGCVa‘ij'Qﬂ HisO

claim18 is po yIaX|sor
Creatment "0k 4 g8 8 R brEne ude o e p Pim U Bl Ve T ) o

at t enuat ed PROAD Maf T &lvo8er Asp Gly Ly beutnbitr elis Aled Tn Veh Bys Y4 cARNBIE €vade i vity
resi ding i n14gpl e0apn eyeioy Bhetys]Arg Sly Thr Pro Arg ThriLB@Lys Y@t &0. Arg Asn Phe 3B The

pr ocess "accgy, dAng:d)s%&!L@d P PP, 381 AoANRSS, a8t i by & dbagh iyt ed

by del etions an tions
gl ycopr ot ei 1f0 48 Pro Asp 4rg Metrdsa ‘?@éyeé’é‘ Laudyr dendia 8’°c1“’§| G s g 388 Agther ei n
sai d del et i 2#09sSearigl$ @hr Lys Pro Pro Asn Al Tt #eo NGl Mak Qo Gt Eal lgs Tyrasimwe noysaci ds
at ]lcOOSI ti 022}391.% EL s W‘FS L;%ndé/?.ryslt@ﬁll.}d A%h Thr Gin Asp Gly L§3$yrt9:s 3bsh LysashlgRer | bed
in figure e ry, stra n an ,ex nner
or cor respongl e The P 5 12 4 b;“' DL & gPAP igo’?f? ofLilg Thr lie

260 Leu Leu Tyr Gln Pro Val Ala Ala Glu Asn lie Thr Gln Trp n Leu Ser Asp Asn Gly -
280 Thr Asn Gly lle Gin Arg Ala Met Tyr Leu Arg Gly Val Asn Arg Ser Leu His Gly lle
300Tp Pro Glu Lys lle Cys Lys Gly Val Pro Thr His Leu Ala Thr Asp Thr Glu Leu Lys
320 Glu llg Arg Gly Met Met Asp Ala Ser Glu Arg Thr Asn Tyr Thr Cys Cys Arg Leu Gin

340 Arg His Glu Trp Asn Lys His Gly Trp Cys Asn Trp _Tyr Asn lle Asp Pro Trp lle Gin
360 Leu Met Asn Arg Thr Gin Thr Asn Leu Thr Glu Gly Pro Pro Asp Lys Glu Cys Ala Val
380 Thr Cys Arg Tyr Asp Lys Asn Thr Asp Val Asn Val Val Thr Gin Ala Arg Asn Arg Pro
400 Thr Thr Leu Thr Gly Cys Lys Lys Gly Lys Asn Phe Ser Phe Ala Gly Thr Val lle Glu
420 Gly Pro Cys Asn Phe Asn Val Ser Val Glu Asp lle Leu Tyr Gly Asp His Glu Cys Gly
440 Ser Leu Leu GIn Asp Thr Ala Leu Tyr Leu Leu Asp Gly Met Thr Asn Thr lle Glu Asn
460 Ala Arg Gin Gly Ala Ala Arg Val Thr Ser Trp Leu Gly Arg Gin Leu Ser Thr Ala Gly
480 Lys Lys Leu Glu Arg Arg Ser Lys Thr Trp Phe Gly Ala Tyr Ala Leu 495

Fig. 1
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38. The process according to any one of clains 35 to 37, wherein said

RNase activity is inactivated by deletion or nutation of the
am no aci d ayob$éeds ON 346, as descri bed in firguyerIdoss4x the
CSFV Al fort strain in an exenplary manner or 5 correspondi ng

thereto in other strains, of said glycoprotein. 39. The process

according to any one of clains 36 to 3 wherei n sai d RNase

activity is inactivatedy the del etion of the histidine residue at

position 346, asﬁg T T Tdescribed in figure 1 for the CSFV Al fort
| r

strain in an exe £ $re® or 10 corresponding thereto in other
strains, of -said Iegcgp&)@ 3 40. A process for the preparation of
specifically |ab ges i¥iguses characterized in that the
RNase activity r alagﬁg coprotein ERNS i s inactivat ed. 15 41. The
process accordi ng R & 5‘ wherein said RNase activity is inactivated
by del etions andfry té‘ti'bn% of at | east one am no acyd of sa™d

gl ycoprot ei n. 2! Ik process according to claithg 40 dr 41, wherein
said del etions am/ Xxme nmut ati ons are | ocat ed t e ®ani no aci ds
at position 295 tlo 0 dnd/ ok position 20 338 tor'357, |ag, descri bed
in figure 1 for the CSFV Alfort strain in an exerrplary E' ~  .manner

43.

or corresponding thereto in other strains, of said glyc otdi

The process according to any one of clainms 40 to 42, vwher®ein fsaid RNase
activity is inactivated by 4lefetji qig or mutation of gyam nolaei d at
position 346, 25 as descri bedsgn_figure 1 for«he CSFY Alfort strain
in an exenplary nmanner or ; espondl ngti)ereto HNSot her
strains, of said glycoprotein. ‘ he process*Gcordi g to any one
of clains 40 to 43, wherein said RNa F Xt i ; ty is®i nactivated

by the deletion of the histidine at p05|t|oh‘34 as| .
descrlbed in figure 1 for the TS t straln i n éxenp aT'y manner or

L 3
10

9

8
days post infection

-1

-2

body temperature
2

Fig. 2
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30 corresponding thereto in other strains, of said glycoprotein.
45. Use of a vaccine of any one of clains 1 to 6.for the prophylaxis and

t r eat ment of pestivirus infections in animals.
WO 99/6460 . > - PCT/EPY99/03642
46. &e o? a pharmaceutical conposition of claim18 for the

44

prophyl axi s and treatment of pestivirus infections in aninmals.
47> Use of a pestivirus of any one of &&ins 7 to 11 and/or a nucl eoti de
sequence 5 " according to any one of clainms 12 to 16 for the
preparation of a vaccine or a phar maceutical conposition

48. A nmethod for distinguishing pestivirus-infected animals from animals
vaccinated with a specifically attenuated pestivirus, wherein said

specifically 10 attenuated pestivirus is attenuated according to a
met hod of any one of clains 19 to 23, conprising the follow ng
st eps: (1) Obtaining a sanple froman ani mal of interest
suspected of pestivirus R i nfection onea wacci na@qﬂ ani mal ;
(2) Identifying the nucl eot@qﬁs uence of a pestivi ru%»évﬁthi n paid
sanpl e; 15 (3) Correl&igfogg he del etions and/ or)(mi)ga):i onst @ the
E[err] nucleotide iy & & sequence as pregw/l(n the vjaccine with
a vaccinated ani nal and 11 correl at‘i’\ng‘\th'e absencie ™f said
del etions and/or mutations Wthya \PA3Li virus i nfwecti on of
sai d ani mal . 20 49. The rreﬁ]hﬁd if claim48, conpri i/-ﬁg’ft he folft e ng
st eps: (1) Obtaihing sanple froman agaigal jof intgrest
suspected of pestivirus i nfection~Qr' ajlvacci ndt ed ani mal ;
(2) Identifying a nodified E[err] glycoprotein of ad\a{.%\gnuat ed pestivirus
by \ Iz - ’
7
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t he specific binding of nonoclonal or polyclonal antibodies to E[err] 25
gl ycoproteins present in said sanple, said glycoproteins being

nodi fi ed byvﬁ)ﬁﬁﬁaﬁd according to any one of clainms 19 top2B/EPWSRDY
sai d nonocl onal- or pol yconal antibodies do not bind to unnodified

E[err] gl ycoproteins; (4) Correlating the specific binding of
sai d nonocl onal or polyclonal 30 47 anti bodies with a ’
vacci nated ani mal" and correl ating the absence of ant i body

binding to a pegtEvizus infection of said ani mal under the
provi so that t% §r enge of pestiviral material in said animal and/or
S

)

said sanple is a i”[z ot her wi se.

45 50. ¢ = g' thod of claim 49, conprising the follow ng

st eps: 3 3 él)g gcgt aining a sanple froman ani mal of interest
suspected of peRtRVd B @ i nfecti onxprp a vaccinat ed ani mal;
(2) Identifyirﬁggngﬁi ted E[err] glycoprotein of ja pestiVirus by the
5 S gj bigndi ng of nonoctonal or lgycl onal gnid bodies to
E[err] N @ NS T®coproteins present in saNd sanpl e, said

gl ycoproteins npt Ib i{% 171 nodi fi ed l# acmet hod according to
any one of clali 1 @3,’ wher eby \ sai d norjoCl onal or
pol ycl onal anti bodi ds ol ndt bind to nodified ERNS Jb/ 1w

gl ycoproteins; 10 (3) Correlating the specifhc bindifg of said
nmonocl onal or pol ycl onal +< + ant i bodi e%‘;&i th a pestivirus
infection in said animal and correl at t he ' absence of

under the dr‘g’vi SO e
™~saj d ani\nfll and/of Said
re~geled of cllaim 48,

Ot ni ng ajsanple from

Sl US o 1l =infection

L

anti body binding to an vacci nated ani ma
that the presence of pestiviral nater
sanple is established otherw se.

conprising the foll ow ng steps:

an ani mal of interest suspectedg
or a vaccinated aninal; Det er mi ni N,y he absence @
presence of RNase activity of a 20 glg/3pprotei b & @r]

within said sanpl e; (3) brr Al ingﬂ th ;ﬁbsence )fFRhgase
activity of glycoprotein E[err] with a 7 ox lo o
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vacci nated animal and correlating the presence of said activity with a

pestivirus infection of said- aninal. 25 52. The met hod of claim 48,
conpri si ng tr\ﬁogghkavm ng steps: (1) Obt ai ni Ng PCEEPI0B64Df
pol ycl onal antibodies froman ani mal of interest

suspected of pestivirus infection or a vggcinated animal; ° (2)

| denti fying any specific binding of said polyclonal antibodies to
unnodi fied glycoprotein E[err] or glycoprotein E[lerr] as nodified 30
according to the invention. (3) Correlating the binding of said
pol ycl onal anti bodies to unnodified gl ycoprotein E[err]
wWth a pestivirus infection and correlating the binding
of said polyclonal antibodies to glycoprotein %Leri] as nodi fied @gcording

N L

LN

to the invention wth gpvegeepnat ed. 5
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