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begi n- npragfuse seid RBVEEipaes.iiheuavettiondfurtperratzies te methogs gigttenealingisaide:

T B b B PRECITE Pomghaiod e ptepfeled s o | °"

D arrhea Virus (BVDV). The invention provi des infectious BVDV cl ones and

- methogls  pgcRslitEofidind¥Riof! ones. The invention further relates to
met hods of attenuating said clones, attenuated BVDV cl ones and vacci nes

conprising said attenuated cl ones. 18 February 2006 WO 03/023041 1
| nf ect i oBeviheVVinal Diarsheal Vdrush (BVBVY s thé ovaisaitiee dageint t dfe BVDv emdi onucosal
PCT/ EF)OZ gggs.zeS in cattle (Baker, 1987; Moennig and Plagemann, 1992; Thiel et al.,, 1996).
Fetal infection during pregnancy can result in the resorption of the fetus, abortions as
s well as birth of immunotolerant calves which are persistently infected with BVDV. These
calves lack or have very low neutralizing antibody titers and are continuously shedding
| high amounts of virus. Next to acutely infected caitle these calves are the major source
for virus spreading and are therefore of prime importance in the epidemio!dgy of this
disease. The major economical impact .of BVD results from high abortion rates,
» stillbirths, fetal.resorption, mummification, congenital malformations, and birth of weak
and undersized calves. For a detailed review of the pathogenesis it is hereby referred
o the article of Moennig and Liess of 1995,
Two major antigenic groups of BVDV (type 1 and 2) have been described (Becher et al.
K 999) which display limited cross neutralizing antibody reactions (Ridpath et al. 1994).
»s  Present vaccines for the prevention and treatment of BVDV infections still have
'drawbacks (Oirschot et al. 1999). Vaccines against the classical BVDV type 1 provide
only partial protection from type 2 infection, and vaccinated dams may produce calves |
that are persistently infected with virulent BVDV type 2 (Bolin et al., 1991', Ridpath et
al., | 1994). This problem is probably due to the great antigenic diversity between type 1
.Qa and type 2 strains wh:ch is most pronounced in the glycoprotein E2, the major antigen
(Tijssen et al. 1996) most monoclonal antibodies against type 1 strains fail to bind to
type 2 viruses (Ridpath et al., 1994).
Killed vacéines (inactivated whole virus) or subunit vaccines (conventionatly purified or

| heterologously expressed purified viral profeins) are most often inferior to live vaccines
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/',.?’J-Th'e i nvention bel ongs to the field of animal health and in particul ar

7 Bovine Viral -Diarrhea Virus (BVDV).-The invention provi'd&emri%¥8ti ous BVDV -
- ¢l ones andw%%ﬂgga to produce said BVDV-clones. The invention further :
‘relates to nethods of attenuating said clones, attenuatdCBAN D nes and

vacci nes conprising said attenuated clopes. 74 Background of the inventi.on

Bovine Viral.D.arrhea Virus (BV i s,..t e causative-agent of BVD and _ .
nmucosal H(’jﬁﬂ?ga cqqye@aqrppgc? é?k’Eﬁmefﬁg"?e IMBERR rgsRAfFemvegdRdha pPraseee ofhj el
et al., a8@8€ants. Fetal infection during pregnancy can result-in the =

resorption of the fetus, abortions as 15 well as birth of inmunotol erant
cal ves whivehBYPY yaecines,ealthgughfatienudted tdre BvDst oftenseassacidted switlcsafety

h | §:Z1. t it nd ti nyous| ddi :
igh andtisp @AY PokERAR #BBY ARG srirs R Bt TR e SOV L B e
- Mj ors soclinieal nianifeetations INTHea diNG cparbrahe iHMRRIBhSHebisRityBnfedReY ta0ee: in

t he epidem ol ogy of this disease. The major econom cal inpact of BV .

resul ts [RSRI%Pgthayh SrRNeIbe ;arpliedoty bregding rherds that spnteals gpregnant, cows.

Cal Ves, TESpRENt SARORRYS B bETNSRS SEBNERD Torf il Bl B Bf TolBEF BT,

. the artirols nét bbractigateddhemesivesf FUARGIMOTBOrevRIBHtO! aBSHiited 08 BVOY

~ BVDV (type 1 and 2) have, beepn described (Becher et at. 1999) which displ
i mt o RRe SRS (TR togcalles Bokomestne Dot atensteamuszapercins

‘Presegnt iMag@i de%,e ByV_ i i il
- have dr aﬁbggﬁge?tg rfgscei]dgfe\g _ IEBdl\%@ 8@V@%@?&%§Q§nﬁsﬁ ngg::ﬁﬁgésrs |@? aESVDV
. typeil mﬁwﬁa&e.gﬁhﬁi@a?ﬁm qblrtm al:tehgaticirr_ mmainpegrﬂhbwhleﬁl’td'ﬂfyerﬁog fo the?1 o
~ . vaccinatg y produce, ‘ves that are persistently infected with

Vi r-uI_enb’"ﬂ%@%ﬁgggg%%(%rﬁﬁ'ﬁ'%l .,71991, Ridpath et al.; 1994). This:

~ problemiie paskdd witd oA lasf Bt BARNFG SHarRiatbh Y )@hd ~O
~and type. 2 strains \I/\h:*%gﬁ.{égt %g@bg?oarﬁﬁn%%?‘fﬁ ﬂ%@?@&%@%@gm%

maj or  amisageantages jof enpresenl generaidm) of atbaruatech vaccimed. Aefurhbpdiesntagaiohist

~ type | aj il to.hind to .type jruses (Ridpath et al., 1994).
i Pria SaCpREnddting fbiaiohd ik il 1% Aelhod Famiier bishieResmuitict can be

- (convenusemads ya pdistifétRe Mibel Riretd Oftfittlkaled sedl BUHidinatiski el ._

- proteins) ar_e,rr%st (;f ten i nfeeri-or ?o liveléa%égﬁsgz%tgwﬁo%ﬁg g’lsﬁ-léﬁlgrgg}uary
2006 . Ppetivinases fngoothe fieldi n their efficacy to produce a full protective

i nMmune. opse i ] dijuvants. Live, BVDV . .vaccines,
i thouglT TRTERTEFLS ot Refit BefPRE iferBly Wit B3 i reseitBie Wk Yt dirisese
“ment i onack erayeknavityin pasticulamot fbespetRBYDW IS #aal, $RrS wast [hgdatthg

L m need for methods to generate such BVDV. Tﬁereforé, the technical prqblefn “underlyingl .
. ~this jnvention y_v‘as to provide a BVDV, in_pa_rticular a BVDV type 2, of defined genetic
. identity. . . - ' - S '




cli r-li'c'al'f-rreni'_festétfi.dns in the fetus and/or the induction of per5| stently
infected calves. Therefore, they cannot be applied to.b¥d&urmgherds that -
~contain pr ows. Pregnant cows have to: be kept se -
“vacci nat ed‘%ggwsgﬁto protect fetuses and nmust not be Vagﬂ?ﬁ@:}é&%”
~ thensel ves. Furthernore, revertants of fttenuat ed live BVDV ' pose a serious
threat tg cattle. For conventionally defived attenuated viruses wherein
the att 4% bRIPRISchi eved by conventional multiple: passaging, the
mol ecul ar origin as virulent wild-type is unpredl ctable. well-as the. -
genetic I H@}WBD n | t he -
t hi.s i nv'gﬁlbfog%ég%&é#%\;ﬁ%teﬁg N%\n%gﬁ% cu uﬁﬁ@rg c%‘l{cﬁ'fe% 8%\}[9\’
defined gmmwete ¢kB)i awmeﬂgmmpolybmtemegmt migieie patti stroves tmi thMat:ledes

ot 1 rog e dhar AR REHEE dohrcarevl angafe, b Bodud (B el disesor 1 o
he att SSHamAsHrRCie INidibus CINAL iBaY! Shd Ithe flbRgh Ptagswu{?%ﬂeseﬁ O 4hE |

field he art, BVDV of defined genetic. ident osely resenbl e
S wild- tywrmm:ueBNA eewelmeedl(tyndenmmd) dnd Pharseiquences added: airtheyiand aaeaus In "

" the art S al | asting zo need-for nethods to’ generate such
. BVDV.- Tﬁ@FQ‘f 6%%%@9 ’Qg'hnl cal ..probl em underlying -Live vaccines with

‘defined nutations as-a basis for attenuation vvoul d overcone the identity.

- WD 03/ 023041 Figure |egends 18 February 2006 ' PCT/EP02/09925 FIG 1.

~Conster udtigo? @Growthsurvescefithedecemiinast wines Xirte-Auangd thepwild tmeeBVBé/slsalava

 Bronae i SpRe R BB e TG AT £PR br BRMY TREGRY o i
. grey) udndiréesing engl tﬁawmglgettthe indicatéd einse pbiNes. CTitere, ward debgmirsdbafigpr t -
‘depicts the, ends of the. g}enomc CDNA | sequences (Cunder i ned). and the -

‘sequencdafesiipreet naw MRBIS celisy inaypafiugrgscanse\staing 72mB4r i ption. Firg. 2
" ‘Growth curves of the reconbinant virus XIKE-A and the wild type BVDV _
i sol ate VLS#399; MDBK cells were infected with the viruses at an rm-4.i of

0. 1’ and Figir 3.eGtaavth dwves eémmgemlﬂ)miamv\mngs xﬂKEJﬁeanddheﬁ’@dnuiam DKL .
Titers. were deternined after infection' new MDBK cel | s by

1 munor KHEAIIERIREE (FiopLh MBBK collyeregricciesl i 4 visisest e arem.od of
{roooL) T haEsE by feRlh i Taunl Rt tctled md FRHHE) AR JRIEC,

. har vest detenyirfertesfiar mgfeetich ofvasw MDBK cthebi iimuabivbrescengecstaining T2 pris'
were. determined after infection of new I\/DBK ceI S by - mmnofl uorescence

st ai ni ng 72h p.i.
C m Fig. 4: Determination of RNAse actwnty of the recombmant viruses XIKE-A (wild type -

* sequence), XIKE-B (H349A) and XIKE-C (HSOOL) in comparison with the wild type
. Strain new York ‘83/C from ‘crude cell extracts of MDBK ceils mfected with the .
= respecttve viruses." MDBK ceIIs that were not mfected served as'a negatlve control"""‘;'r'
e i (n i ) The enzymatlc degradatlon of poiy(U) was determrned by measurmg the ODzsa as'-

!'

x - @ marker of the release of smali RNA fragments ifito’ the supematant

Fig. 5:'Body temperatures. of animals infected with New York ‘93/C (anifnél #275, #612
and #1610, broken lines) or XIKE-A (enimal-#61 5, #377 and #09.1‘, solid lines). *

%0 | Fig. 6: White blood ce!l (WBC) counts of anirals infected with New York ‘93/0 (anlmals
@275, #612 and #1610 broken Itnes) or XIKE—A (ammals #615 #377 and #0891, solid =
| flmes) | -




'-Flg 4: Determ natlon of RNAse activity of -the reconbi nant Vi ruses Xl KE. A
(wild type sequence), X KE-B.(H349A). and XIKE-C (¢H300L)3FPEl% i son with -
the wild ;[ﬁ{ - stral n new York '93/Cfromcrude cell extracts of -MDBK cells
“infected ‘Sﬂ:”? 1 respective viruses: MDBK- cells that VRGTERO9925 | nfected’
served.:.as a. negative-- control (n:i.). The enzymatic degradation of
pol y(U was. determnined by measuring t OD2 as 2s - a marker of'the

rel ease Fi@. &nBpdy mnperﬁag@emfsammds infected puitn XJISR+A - (@nigal 5'#383065388 and

e 2 R RE M B Sl B2, 1512

.lines). 30 Fig. 6: V\hlte bl ood cell (WBC) counts of animals |nfected W th
New York 93/ C (animals #275, -#612 and #1610, ‘broken |ines) or X KE-A :
(ani mal §ig:d1 ¥Whilmblpod call HWBC) sauiig ofianiegls "2feCfBFjg’th7X|Kﬁ36d?ntr%ﬁf§§3§?ur es.

. of ani d en .

i nes) n%?§§<|aﬁé%%b'?aﬁwr‘%ﬁ hﬁhggo%ﬁﬂ ﬁﬁieﬁéﬁ? #%8% nesfé%%lgdl% T Wite
bl ood. cell |(WBC) counts of. animals infected with Xl KE-A (animals #387, s

" #388 and #418, broken lines) or. XI KE-B'(ani mal's #415, #417 and #419, soli-d’ :
lines). Disclosure of the invention fo Definitions of terms. used inthe o

. descrip éﬁlosuﬁ%ﬁ ih¥engBRodi ments of the. present. invention it nmust be
‘not ed t hat as used ereln and in the appended cl ains,. the singular forns

a",» " aDefinifiods of tanw usedlin tfee descriptionef er ence unl ess the cont ext cI early

-d| ctates otherw se. Thus, for exanple, reference to "a. BVDV vi rus"

.. includes a plurality of such BVDV vi ruses, :r.eference to the "cell" is" a

© skilled in-the art

Coref erenggdre ﬁ%lerr%drmérgs%ﬁlthé pPEKEREH ehﬁbﬁrttrﬁuélgé‘é ‘?ﬁfed<{?%‘f‘@gt eH i8in

forth. U ss defin herw se i cal

~ “and’ sci @mllmntbetammdade@laim ethe smgular rfoenséla‘b '!manangs'tlas‘ imltrdmpiura!

~_-present invention, ‘the preferre

‘ d f di :
e e AR OlfeeR S Han PRl ety B ol flge, Ry B oF SeeiplarEie (o
those desBVDREHNRENIREINIES R [blﬁralhy'%ﬁﬁubtﬂww RIrasdd, GBfPEntEH tHW "&b e

_ nmet hods, devices, and materials are now,
descri H&ference to pm)pr owre oalis ﬁmhequwetemmwfdmmm@dhpw aklﬁdd meﬂ‘@ art by

L AR MR oS A e e G Ao

- "be usechadve thezaRs ineanitgshas SEmindrBNindetstobl by dik SESRIifary $killdn théertto
- construed wan an adnission that the. invention is not entitled to antedate.:

“such_ divRicdus inveption belrnas: Alhough Ry siatherts anthatenials sinilay oraauialent
 IRH O M A R0 e UL B e B
B . invention, the preferred methods, dewces, and mater:als are now. described. All

‘publications mentioned herein are mcorporated herein by reference for the purpose: of -

ey descr!bmg and drsclosmg the ceH Imes vectors, and. methodologles as. reported in thet“. o

_‘: publlcatlons wh{ch maght be used in connectlon w;th the mventzon Nothmg hereln is to_w -

s f_jbe construed as an admission that' the mvention is not entstled to antedate such"‘r"
a dasclosure by virtue of pnor :nventlon ' o

o The term “BVDV' as used herem refers {o all viruses belonglng to speeles BVDV 1 and
o BVDV 2 in the genus pestnvnrus w:thln the family Flawwndae (Becher et al. 1999). :
- - The more classical BVDV type 1 strains and the more recently recognlzed BVDV type 2 |
| strarns display some I:muted but dlstmctlve dlﬁerences in nucleotlde and amlno acxd ‘
'.sequences o '




Y gni fi cant

~there.i

.34 The nore classical BVDV type 1 strains and the nore recently recognized
BVDV type 2 strains display sonme lLi-mited but” distincti Ve ldrepdf¥hces. in -
nucl eoti d ino acid .sequences. .- WD 03/023041 As:: erejin, “"calf -

“rel ates tgv@gg‘?ﬁ e ani mal. of six nonths, of. age or Iesgﬁ?@‘)g&f?ﬁcl one" is

a DNA vector or host cell ' strain intg which. such vector has been - o

i ntroduced. Preferably, the DNA‘-vectors-i s .aplasmd. introd 'cedni ntbo the

cel |'s bix jalene!f iscai BINA kil 8ginost IGewAlraip mﬁ%‘%’wmiﬂift’b_é@@&ﬁ. g, been

i nfectigus .cl one, i et Arewkt b .he.capability to serve as-a . .
t enpl at 'é‘%erngecF%a{ﬁéei?@ﬁ’%rpfﬁ %EV%E%’W \ -p!%gvyﬁ.l nduces the generation of the
the virus when introduced into susceptible cells. Preferably the RNAis
produced by in vitro transcription and "BVDV particles" or Vi :
parti cl Ag"infectipugsdandieisef rP'N& \é%fggr {Nﬂh BtEB Qﬂpr%ggi\é %%@ﬁ@fea%c? {‘%"'?t% ¥

I nfecti 1086 SrioVh RNAYNattRaticed {He ¢ treovingf when dntfdddded
partfcl @gﬁﬁgfﬁ@eﬁzﬁoi%?{es at?téﬂéﬁa?%gd{r%yg%mngﬁrggpgt%oy di}]g to the invention
~(see i nfnt@)sustdiibte watiedPRIEMbhative RNS is @rodiugace by dred!rq| transcHilien @nds™

©as, used. h in relates to. when.introduced int piibhe cells. =~ -
it ect nrooyest te e el dnl ety giortiebalaSias kPP YAF BRI BREOR Gice
.cert-ain nunber of plaques in.a plaque test or a certain TCI D50 score in

o an endpoint test. Afull-length RNA is a RNA conpri si ng{ at, | east 98 % of
-.the seqBViD¥ peiticlestNor ,viret pertioles”ias usad hereiry selatesoloaBYD yiryses| gensrated

conpl enegntary. DNA-is a DNA c ri,sing. n X i | east
S8 by o Farategits Fiefer e BNl Fol dit Boped IBGG-ERT Sl SHRNBIDY. paRles Past
- Vit ul-enggen fftrdétRed MbJuBCHFBIS cbldit there is no, statistically = -~ .

ﬂgrffere‘nce bet ween the virul ence of inf ectio%s BVDV particles =

~accor di thjtenwiated BYDVhpaitidesn ain@tighbigiedyyieal hasictps opsise f'?‘?{ﬁ{wéiﬁ S&id

~ DNA nol es...containj. 3 lclent | de sec irvBHRbS rdtjAsy).t 0 a BVDV
R, o BVEMGROE HHL Rty ST AR RIS R R A, © = BIRY.
predom nant.. -clinical paraneter. E anples .for such  predom nant cl.inical
paraneters are diarrhea, pyrexia.and/or -lethality: gccording.to ‘ '
i nvent i dnfectivilyd is e eRnibl B/B\IrusAt Yiegl d%,afﬁgﬁr% lg@?@%@ﬁﬂﬂéw@“&r of
- Attenuagy ed... rtd in &S cH8B&int fiRr.ei'n neans that
ot éfag[]e%{naﬁ&@u Fggﬁ#@%gﬁlﬁ{&fg?wﬁ@#@%ncg bgﬁ/\een t he virulence of
~oatt enuat ed BVDV parti.cles VO 03/ 023041 PCT/ EPO2/ 09925  net hod according 'to.
" the I nvgnftulllfigr’\gtﬁnlgNﬁ %sdatﬁ A Et\)/r%\;grisi'naoéta}egsst 9625 ‘' A8 ‘_éseadu%nce of a RNA |
R j dccurring'in a wild-type isolate. A full-length complementary DNA is a DNA _cqm.'plrising '
: za a séquence com‘plem'entary to at least 98 % of a RNA cccuring in a wild-type isolate.

o As used herein, “calf” relates to a bovine animal of six month-s:folf_ ageorless. . .

" Vifulence: *Authentical virtlence” ‘as used herein means that there is no stafistically
. significant differsnce between the virulence of infectious BVDV particles according to.
the invention and wild-type BVDV isolates from which said DNA molscules contéjning a
nucleotide s_equencé ‘complementar.y_to a BVDV RNA, preferab!y_g_ type _2  RNA have
been derived, for at least one p_redOminant'_diriica'l 'parameterff}_,‘Eicamples for such :
- predominant clinical parameters are 'dia'rrhe'a, pyrexia andfor Iéthality'.- - '
30 o . o | A 7' o o Lo 7
o Attenuation; “An attenuated BVDV particle” as used. herein means”that_therfe' is a . -
. stétiétically'signiﬁcant difference between the virulence of attenuated BVDVVpart'i,cles | |
L 'rat.:cordingrrt'o the,. invention, said _éttenuatec_i BVDV .pa;ti_éj!es being 4.‘,g_;t§pu_ated' bya _ .-




-attenuated BVDV particles have been derived, for the predom nant_clinical
parameters diarrhea, pyrexia and lethality in ani-mals i'Af¢ced% th the
same dose, preferably 6x106TCl Dso. Thus; said attenuated.BVDV particles do
" not cause ‘883?’9%84&1 pyrexia and lethality and thus may RET/EROYONRS 5 |
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'1"_part|ally retains its biological activity, e.g. function as an I nfectious

- clone orsaiseepiible eells; indyages t $Q§O€f@fléﬁmfmfestIOU$pB\éD‘dd bi ol ogi cal activi ty. A
‘variant based on the degenerative nature of the genetlc ‘code" is.:a
“‘variant resulting fromthe fact -that a certain amino acid nay be encoded.
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s N t he ?\r Junctional variant” of the DNA molecule or infectious BVDV clone accordmg to the
-‘ :nventlon is a DNA molecule or infectious BVDV clone which possesses a blologlcal -
: _:[;‘ actlwty (either functional or structural) that is substantlally similar to the DNA molecule"
- or infectious BVDV clone according to the invention. The term functlonat vanant“ also
Vi mcludes afragment“, ,,a func’uonal vanant", ,,varlant based on the degeneratlve nucle:c B
| acld code® or ,chemical derivative®, Such a functional vanant“ 'e.g. may carry one or" N
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' straln or even exhibits improved biological actlwty . _
A variant based on the degenerat:ve natire of the genetlc code iS a variant. resultlng' '
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As used her ei n, ,,chem caI derivative" according to the rnventrgn s a DNA
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| ':"ﬂso called krlled vaccme (KV) In another form the rmmunologrcally actlve component of

| i a vaccme may comprlse apprcpnate elements of sard organtsms (subumt vacclnes) S
35 " whereby these elements are generated elther by destroymg the whole partlcle or’ the.
| '._growth cultures containing such particles and optronally subsequent purification steps
.yreldrng the desired structure(s) or by synthetic processes mcludlng an approprlate.
-"mampulatron by use of a sultable system based on, for example, ‘bacteria, rnsects' "
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30 "procedures or by induction of said synthetsc processes in the animal neeclmg a vaccine
| by direct lncorporatlon of genetlc material using surtable pharmaceutlcal composmons '.
(polynucleotlde vaccmatron) ‘A vaccine may compnse one or s:muitaneously more than ,
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-antigenically rel ated organi sms. Additional conmponents.to enhance the
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| 5 ) The solutlon to the above technlca! probiem [S achleved by the descrnpt:on and the :
- embodiments characterized in the claims. | o
The long lasting need in the art has been overcome for a live BVDV (bovme viral

' dlarrhea virus) of defi ned sequence and specxf icity correlated to wrulence which canbe

used to generate specific attenuated BVDV for use e.g. in a vaccine. The inventors for |

it the first time provnded a method to generate mfectlous c|enes and mfectlous BVDV‘ ‘
particles derived thereof of defined genetic |dent|ty which at the same time have the

_ pethogemcaty closely resembling the wild-type virus. Furthermore, the mventore for the . -
' t" rst tlme dnsclosed an mfectlous type 2 clone and mfectlous type 2. BVDV partlcles- e




In a fifrst aspect , the i nvention rel ates to -a BNA nol ecule conta| ning ato
nucl eoti de sequence conplenentary to a . BVDV RN&-wher ei'f Feaag 288, Wnen

particles WP*WOMH he capability to induce vi raem a and IW@S -
_calves for a period of at least one day and, at |east one o ol | owi ng
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35% redmafnsoasspbajtammettera@esqoaomlneaesmetcm ﬁﬂaéecut've days, wherein
"baseline" relates to the average val.ues of: a? ani mal s 10 days before

_ | i nf dtt | wcleolids seauencs a:on;niernamtasy itpt anBYDV iRNA} ivhersint baiEIVRNA,V\@hen .
... 03023 POZ/ 09925 10  Pref | I
.ol ecuﬁé&gégﬁé:s c%tpgé%ﬂ%gﬁ&g F x'f"g lSind %@%Frrg@?{;t?’ I'é@é‘b"'ﬁ) Q\!DV'n'.a .

- second m’mﬁles the i nvention rel at es to tan infectious BVDV clone, capabl e!
- of 'serving a terrpl ate for. transcrlptlon into-an RNA, - wherein said-:-RNA,
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" nfectious BV tQ. i nduce |rae a artd -
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Said dose of 6x10eTCle of step a) is preferably admlmstered as 2xi 0G i.m. (gluteal SRR
muscle) 2x10° mtranaseally. and 2x1 0° subcutaneously (over scapula) to obtain a total |

N d dose of 6x10°. Satd clinical symptoms of step a). preferably should be observed inat

7 least two thlrds of all infected animals. Said leukopenia of step a) preferably shallbe at .‘

3 Ieast a 35% reduction below baseline on at least two consecutive days whereini: |

- -bass]me relates to_the average values of all animals 10 days before mfectron ,‘ D
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whi ch such DNA- nol ecul e has been derived; and/ors'. W|th a 'sequence
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o Sald dose of 6x10°l'CID50 of step f) is preferably administered as 2x10° i.m. (gtuteal _
. muscle), 2x10° :ntranasealty, and 2x10° subcutaneously (over scapula) to obtainatotal
-dose of 6x10° Said clinical symptoms of step a) preferably. shold be observed iri at” |
| : least two thlrds of all mfected arumals Sald Ieukopema of step f) preferably shalt be at :
" least a 35% reduotlon below baselane on at least two consecutive days, wherem- |
- "baselme relates to the average values of all animals 10 days before infection. |
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. As it is important that said infectious BVDV clone is of authentical virulence, the virus™
that serves as the origin for constructing such clone is preferably obtamed dlrectly from |
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-or |nfect|ous clone nay be transfected |nto suitable cells vihi ch then .
-produce the RNA as disclosed for genome of a. suitable BREOMPEY such DNA -
vi ruses beiwgospzayn to the artisan, . fol |l oned by i nf ect i onpefympedsssecr et ed :
“fromthe cell (as exenplified by V. Racaniello and D. Baltinore for
poliovirus (1981)). In a fourth aspect, fhere is - -provi ded” an i nfectious.
.BVDV type 2 clone. - In a-fifth aspect, ttere is.. provided an infectious
BVDV type 2 cl one, capable of serving.as a -terrpl ate for transcription -
into an RNA,. wherein said RNA, when introduced into suscepti-ble host cells,
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: n a fourth aspect, there i is provuded an :nfectlous BVDV type 2 clone. .
In a fifth aspect, there | ls prowded an tnfectlous BVDV type 2 clone, capable of serving as a template for
' transcrtptlon into an RNA wherein said RNA, when introduced into susceptrble host cells, induces the -
generatton of infectious BVDV partlcfes ' ' .
' . with the capability to mduce viraemia and Ieukopema in calves for a penod of at Ieast 1
day and at least one of the folfowmg clinical symptoms of the group
comprising diarrhea andlor pyrexia lastmg at least one day when infected wnth a
dose of 6x106TCID50, andlor -

| "‘DNA molecu!e has been denved and!or o




| -be transfec

.usi ng the RACE—technoI ogy. Said inf ectlous DNA cl one may t hen be :
‘transcribed into RNA under appropriate condi t'i ons,- said Igel’flﬂ’“i‘@%oﬂﬁroduced

i nto appreprg ells or cell lines and-the : resul ti ng BYDV W 2 particle
"i's collect edmisﬁéﬁ a. clone is exenplified i'n the non-I|i RFTERYA%Enpl e |
~and characterized by the cDNA sequence:SEQ ID NO. 1 Thus, a siXth. aspect
relates to a tlous BVDV Ve 2 cl dhe accor di ng-to the I nvention as.
characteri.ze Vé' r?)l\ﬁ(hgfémﬁaw@@ma@mmﬁWGmdrﬂmgaWMfected at

functional var igagd O eratiy acj d code

f usi on ol ecul e orseabgﬁbe(m caCTt’Bﬁerl vat".EBg’aﬁﬁ‘g?% I'I’Eﬁ'I ',&0 aﬂrqqsﬁ{iﬁ HoOlegiaeh

i s provi ded |ncabveﬁwr@mapenbd,@fﬁémhaﬂ@ﬁﬁéétldmhhﬁkfr relates to-a BVDV
0 transcri pt| on of the BVDV clone .

attordi ng. t o RUEFRiRleRGR o nebisaihan o0 Yo cf AVioV Reviicies cowprsbb@riRNAS of
cel lslines witwithai sbdghip sedoifica Remiphanéit g}g{eg lafme ﬁ&ﬁ#tl ng BVDV particles |

produced bytqjal d cells: Preferably ectious clone my
d@ﬁ%ﬁsmaem@mmmmtammsmmrm t1he RNA as disclosed

-~ for cI swine fever virus (CSFV) by van Gennip et. (1999) f or

cells’ °6 fipseinia £ BVDV typad ewegbmﬂapleexpmwmdmaraaémmey mee)uow.ﬁ’g Stdps:
. preferabl y the DNA or infectious clone according to the disclosed

enmbodi nent s, rTfy be expressed under control of an eukaryotlc pronotor in.
“eukaryotic 8@? s@vlddyne BMDV hwegtsleaints tsolatedj nf ect i ous BVDV. parti cl es

b bl f ified by V. Ra |1
Doty 2Dl bBLPosaRSHRAGH TR bl i i PSR E ol e T 1 ©

d B
i nvention, €oR)r esai MIMIWS%MW\%\%?%@@“EWdM eﬁer abwn%al q

- sequence conpl.e | -l ength B :
--DNA' nol-ecul e PE' %] aﬁ"'}ét Bﬁ? ntlﬁereseqlaéed:émefme [mm severdlpusfectdie DNA
. ‘ool ecul e can- aﬁmgé]ar acterized. by SEE Most Preferabl'y, the DNA nolecule -
“according to the disclosed enbodi ménts, consists of the sequence as

~char act erii £isl) bpaBECR-isvisted BVDVotmeuizestpémqsc,b@gga%ga A8 harat | wl%%ebf_ | A
non; limting &&%}%He |sqe;|:ow ggg I'n exanple. 1 1 or a rragnen
functi onal YRfGea i celbedituren ¢ he degenerative nucleic acid code,
~ .fusion thege@ eghidP fe-Rfp BVDV clane .accordi ng to
- the inventi onyas descri lgéeigag%pra }i W‘éégﬁé’e Sﬁﬁ@ggﬁdeﬁ Qedecul e

- ‘obt ai nabl e byresulingdn a@l]&ngﬁn%%m&@@%b@%@%ﬁu@ hﬁs%ré‘bfl},{édaSpect

- further rel at%meﬁs&ﬁé% é'ule conpl ementary to the DNA nol ecu
- according to BFO@¥scri bed supra, or to the BVDV cl one -

“accordi ng Said ifedtidus N e e a ared to
~.-said.wil'd-type isol ate N@o%]rrogﬁ @I 2%%'?) stf%%ré’?%?& "{5‘? ﬁ@él‘ﬂ{qseﬁ F‘E‘P%ﬂate :
“particles $Qnsiiions, iseid&NA nittrodiiced info appropriate calls or celi lines and the
 resulting BVDVtypez particle is collected | . '

Such a clone is exempln"ed in the non-lrmrttng example 1 and charactenzed by the e
o '. CDNA & Sequence SEQ 1D NO 1 Thus asixth aspect relates to an lnfectlous 7 :
R BVDV type 2 clone accordmg to the mventlon as characterized by’ the DNA sequence o
s of SEQ ID NO. 1 of a. fragment functional- vanant vanant based on the degeneratwe |

| -nucleic acid code, fusion molecule ora chemical derrvatlve thereof. A non-lrmrtmg
- example is prowded in exampie 1. ‘

A seventh aspect fuﬂher relates to a BVDV type 2 particle generated by in wtro _ .
. transcriptlon of the BVDV clone according to the invention into RNA, the transfectlon of surtable cells or 5
celi lines with said RNA and the coliectlon of the resu!tlng BVDV. partlcles produced by said cells.
: Preferably also the DNA or infectious clone may be transfected into suitable cells which then produce
- "the RNA as disclosed for classncal swine fever virus (CSFV) by van Gennlp et. al. {1 999) for cells-




- product i on

-q) passagl ng not mor e than twice on swtable cell culture-cells; In an-

el eventh aspect, there is provided a nethod for the prod&@?ﬁ“@ﬁ’?@PG an .
i.nfecti ouswdmMBsmione froma wild-type-BVDV i'sol ate, Saipgrippif@bisous
"BVDV. cl one being conpl enentary to a RNA having. authentical structures of
the RNA, and the use of a thernostable q@zyrre for- this-step, said enzyne

bei ng actiien drably EHEE MIOPBYhEEER WIS HhiralanhPHid BIgR o iRk boRg

- ful'l-length co Iemantas% er revers ranscription of -
“wher ei n tafe°rdipgipdhedisdgsad,embadimantsmavke reressed uades goniol of R eWEB@!iG RIAPRIPTIN.Lr es_’ -
suf fi ci endukérgotivcelBleading teettiel GeneRticw Bdaratiolid BE/ ]ﬁdrt&ﬂeaibeidg blgPeiedetie8 from\\O

ot 230% tndton s HBAARBRAA WA dip aﬁ&’ﬁp%a‘?ﬁﬁ?cﬂ%f%éoh s (o) 1nto a plasm d

vector or us ca ription of BVDV,
cDNA i nt dn mmglﬂtb gepertaf %ﬂnvertloafthe'a fist REpMided @QNPsmoleatecpovtamg apweleotigp es

pr ef er ablsgqwnee catientettintu b ifuidengtH BVD\AlyhS2 RRAKDriferablySsaidubNA tr\@lé&tl@ls

| conpl ene fera —
SO Raetan kBl B, P LAP RIS el oc0
conpl emerrgatow o raam upclioiah yeriaot M@l@nt t@a¢d onthe degenerativasiudeinpeld caetfasiomi d.

wi | d- typ%ﬂwkbea cinfiéaRddralive HRRGF. T dh. llﬁlﬁh@e:&'ﬁtpte‘?s Froﬂaédtﬁexé ie 1.he

sol ate,

Bard 1 nt SlelmeEpbyrhe B bRgie resorarsy e dsaiimstantionepthnringr b spfirs

© i'sol ati ngs Fvgadtariged kye$EQIDIN0.4n i nf ect ed ani mal during viraema or
‘optionally after qqq) gener at| ng-full-length corrpl ementary BVDV DNA which

. preferably is. ass nents after reverse transcription. . .
Ot e R B er e uia A Mkout ARG K b g sy

ot enper at invergios a$ ﬂescnmdtsuﬁre. db tocthdx BUDV tledkeiareording toothel migntisd asiddsarted sggra. t he -
'RNA, - and atibign hﬁ:@ct%lat@s E%%@malgwlgoﬁﬂﬁ%@oly tr%ﬁsctrsﬂoﬁ of. tﬁE E)RIA @cﬁééaleeaw&m’g lge' ng

- _actrve at .these el evate er-at ur es por at
“conpl eneHedpugnt 'wdemsuwﬁt% the BYDM gipne aree@ter de're quwfeﬂ 5 dorpribed supts
- capabl e of -directing. the transcri pt| on of BVDV cONA into RNA upon

 infect f

anereu o AR AN Bafe byl d hE RS By BlthBl I AR PRI
Ccare. k novm"ft-typt RUD\Sispletehsaid ipfestioys BYPV glohe baing complementany ta/a &NA reinggutihentidahe
- ki dney (meﬁﬁédnﬁ)areaﬁbééﬂﬂMldQﬁbeﬂ%lét@%ﬁlbhéirthﬁe dtépstope art. The infectious

o clone. type lclone or preferably a type 2
- cl one. 'gofl'q\/\/gf"f'%{ﬁarg‘gﬁfﬁf"a%'?fg&%g?rgm%r ozloded a met hodpforthe p?/oduc%/:oon of

- an’inf ecql ReasAgIBY DYt rodre then twiaronsuikatialedplerdddly/ i sol at e, sai d i nf ectl ous

- BVDV: cI og%réi.}gh@g;m GG piicdL @ RNA haV| ng a virul ence
- : - 8) generatrng fulldength complementary DNA after reverse transcription of the RNA; whereln the _
" reverse transcription includes a step at elevated temperatures sufficient to break or reduce secondary
- sfructures of the RNA and the use of a thermostable enzyme for thls step sard enzyme bemg active at
. these elevated temperatures B O A '




~ of not less than 90 % of said wild- type isolate, cohprisi ng the steps = WO

. 03/:023041 t5. u) isolating viral particles froman infléEtedrydfiomal ; for

. exanpl e pm;@mmgl not more than. twice i's sui:table cell" BOTIEWIIS '
~preferably one or not at v) preparing RNA fromthe virfl particl-es; w)
generating full-1ength conplementary DNA after reverse transcription of the

r ,
Fommer Al HeStebBRnb e hpldAITER B rQ%R'Eé 153 flashibyddororkas Sona,
RNA, and tvirs smpable of diresting the itanscapiinmef BYDM tbNAsntpRNSaippreinigetiorbei ng

active at heﬁ el erat ed tenperatures; 'x) incorporating the. conplenentary-
DNA. ( cDNA) I$ssni d vector or into a DNA virus capable of directing

the tragapy iiphl 9&&@@&%@?}%@?&1&@6 HBHY BN (SBpOK)).SThe 0l doRgl .

- Said vira lpartlcles prefe |y are isolated during V|rema (step'u
fullsl eagnn emamewdaﬁﬁtww gteprn) praferahbp may) be generaled \pynassembling
-generat assenb B\LA fragments -(see al so
-exanpl| e H&%ﬂﬂ‘ﬁgﬁﬂ‘gAﬁﬁvgﬁeéﬁfgﬁe%'%%%{? the art to.done the 5
and 3' regl on of an.infectious.  BVDY. The inventors, devel oped an’
i nventive nethod. to obtain. authentical 5 and 3' re JOI’]S S;{Vgrl Si ngI y,

. this mémpibeepmfe"regeamdyn relrteriea metharbiasdhe |

s t her.npd#

nodi fi o] Leehn ,llfggh tﬁhﬂ) and
-unexpem gener a%ﬂ%%@%@%@r@sﬁ?&%ﬁ?héﬁ (l: Vi r‘%}l&ence ﬁ%?@‘é?ob@igg
- hergin oom;:ﬂemehmpl to \&hRNAJ havihg a'ﬁfmmmabwuneaoaras campened tot said umldatypaACE :
Surpri si only. by. appl yi ng ‘the RACE-technology in conJ unction 'wi.th a..
gL oo

%F?Wﬂéﬁﬁ PStofwas: p055| bl e #a di'ssol've: the secondary

- StruCt i) Ofscldf PRNA o 4B 5P B ihectod LR Hring irBEMI£Lr Bkl ty r%eghéds*

. are kn erson an can also be" - ok et
al . (. 1989mlllhglor§<saicban|n‘@lﬁiamntsongahw)pratory Manual , 2M ed "Col d Spr| ng -

| CatoenduRy cosegralingiialnath vemR AT “aéﬁﬁieaﬁ‘?\w Y%gggf‘sn?f” 5 Bmie "
'gglryme.rl se a?%&%é@égglﬁentﬁﬁpﬁ'e@%ﬁ?e ﬂl‘ east 48C mrgﬁ?%ébl ©
" 50- 550 drariseriptiby nmﬂedeﬁs&‘pcat elevated temperatures sufficient to break or reduce
‘ - secondary structures of the RNA, and the use of a thenmostable: enzyme ‘for this
. step, said enzyme‘ being active at these elevated temperatures; o ' a
_ ‘ 'n'r) ineorporating the oomp!ementary'DNA (cDNA) into a plasmid vector or info a DNA .
| @’ Virus capable of directing the transcnption of BVDV cDNA mto RNA upon infection
| of suitable oells |

_ s ':.-Suttabls celis for ceil culture are Madm-Darby bowne k:dney (MDBK) oells, RD (bﬂvme - 5
test:cular) OB“S °" b°‘"“e Turb:nat (BT) ceils Further su:table cells -are known tothe -
‘s person skllled in the art, | . . : ‘ .

The infectious clone produced by the method may be a type 1clone or preferalglya_type 2,,e|_one.ll
- Ina twerfth aspect, there i is provuded a method for the productlon of an infectious BVDV clone froma

wild-type BVDV isolate, said infectious BVDV- clone being complementary to a RNA havmg a virulence
of not less than 90 % of sald wild-type isolate, compnsmg the steps of .




partlcl es

- molecul e &8

.V\D 03/ 423041 16 Havi ng invented live infecti-ous BVDV particles “of defined
sequence, %B%Ff“ entors . al so .invented a nethod to gener&feray2éfuated BVDV -
*ljefi ned genetic i'dentity which prefer W%Stenuat ed -

~at only one defi ned genetic marker site.. This surprisingly allows the '
"sinple determ nation of revertants or ﬁﬁe successful attenuation as only

t he. pre&oneaam‘gwrélthme@mﬁhﬁmr&féaaﬁm@r e-needs-to-be-deterfined- by
nol ecul ar.-4 ods_kn artisan. "Xl KE-13 -and X(KE-C of
exanple | Oreexa?r]lgﬁfb i g%t "ex B‘@%ﬁ A ?ﬂ‘tagﬁﬁ‘ﬂ' wityre felist Reefetsbipgne prot #tcl es of -
defi ned se%'uence I na thi rteenth aspect, there is provided a net hod of BVD

vi rus atfenuat i on i nt roduci. ng one or nore 20 In a fourteenth aspect, .
there i ¥ d?@??@!ﬂjmqé\ fremibe viral partidlgsat i on of 'a BVDV strain, corrprl si ng the

oL PS8 B el TV, dho Dbl el of o §ER, 0,

~ into the mwerenltbenemreemnduﬂmlorﬂnﬂhdes avs) abslovatetfenprratorss sufGiener
the infecti gus BVDV i nt roduci ng one ‘ar nore. nutatians:into the DNA

ek wgedyee eﬁeo dary stiuckires of thesRNAy anddhe use dfa ﬂwennosetable

e suun, SRR SR 265 gl Bk blng SUER Mol SRR BRGNS, (L |

transc rX)bmrmraUrm\ﬂueaoomptemﬂhW@NAa(an ihtea sptasrhddre‘ctormrsmtala DA Nt 0

| “wnefern < Jief oL hEinG B ettt oV R e Kok son e}'q'ri?:at.on_ |

. or ‘nutati m,@méﬁsa nucl eotii:de. substitution, “del etion, .-insertion, ,
-“,-addl tion,. ar conbi nati on t-hereof. "According tothe di- scI osed enbodl nent. s

" fut at Sgid vineh particles pegflenabyreare isdlated whiiagt th'niay(stapup)hé?l'le( €ulblengthfor a

oD sl slon SRl [AAPYY 8L S ghen i IS0 SuEh g gl pLion

"-or so ovenapEIRg Par aPéDl\ﬂPﬁ@ﬁl@ﬁiQ%é@H&o W qus according to the

di scl osed enbodlnents can be viruses of virul ence cl osely

~ resenbling wild-type viruses and at the sarre time having a defined

- genoty v 0Si conty ol ni_na |
~.exper | ﬁeﬁ%@%g& Mﬁf'@ﬁﬁ&@%ﬁpgﬁ%ﬁe& gTEf Sn?"‘t?éof%g'?'b GEHB*EQ'?%
: - speci f BYBIV. yTi®s InYBHEINS deVeldped ! In
- 'one enbodi nent, there js- prowﬁgd Bé'.‘vg‘\llgc %tﬁgg t&hogetgﬁna%ei‘%sse' cfl vity-
L - regions. Surpnsmgly. this was possible by applying the RACE-technology. However ‘
- only the modification by the rnventors of this fechnique Ied to the surpnsrng and

o .;. unexpected generatlon of BVDV clones of authentic. vu:ulence
Dlsclosed herem Isa method wherein the 5’ end of the RNA is generated using RACE.

SUfPﬂSlngly. only by applying the RACE technology in conjunction with a thermostable '
polymerase :t was. possrbie to dlssolve the secondary structure of the genome successfully

»  Standard mdiéwla‘r“ biology‘n‘ieth‘ods are Kriown to the skilled pereon and can lsh ’be |
- found e.g. in Sambrook et al.(1 989) Molecular Clonlng A Laborsatory Manual 2 ed,,:
-Cold Spnng Harbor Laboratory Press, Cold Spring Harbor New York and Berlram S

| '1991 ) 7
: Preferably. the RACE ; is camed out mth a thermostable polymerase aliownng reacuon

- -.temperatures of at least 48°C, preferably 50-55°C; preferably also 56-60‘0




-resi d| ng I n gI ycoprote| n ERNS s i nactlvated Preferabl¥ %al d RNAse

activity is inactivated-by deletion: and/or -other-nmutatt %IF:F it -
substituti %P 9BRWkr abl y, " sai d del etions and/or ot her nut RCT/EP2892s | ocat ed-
~at the anino acids at position 295 to 307 and/ or position 338 to-357. Thus,
a nore preferred enbodi nent is a nethodigf attenuation according to the

i'nvent i okblavingdnwdrited ive iMetREUTBVOVY ﬁavﬁeés ondlefified Qeti&@l&l maveﬁtew als®

and causes inpaired or |oss of function of the nutat pr.ot ein. nor e

pr ef er r elVERiSER iBRthods t geperite Fterwetash BMDVrparbicles awithy a @teﬁned ganetic on,

ol yoopr o CHuGHALh Whefepaal 358 cBbndiba 1 iy e erfllt dinshBarRbeE This
posi ti onslﬁptiSIUQIyﬂQMthN@lmﬂile detertinatioh of dveriznts o ﬂt&l&lﬁ:beﬁmll Stterfiation
i di sition 349 ID NO -1, Most. preferably,. et anot her

hi stidi ne_ at T
i nport an®® 89’@3’3@%5%%%09 efa@'ﬁﬂ‘%ﬂ’ggemk?‘ﬁﬁf%ﬁﬁéﬁﬁi@ bereaierit yavaiecuigmy - -
t he nut blRay | ein -
- the cod??tlg tr?ﬁe@g?y%wg?ggé gﬂ%&b%’@lﬁ%& et ﬁ%t?h%r%ﬂ{p%of%ge%?{-
 enbodi ndimiti ngemmpbadwsmmaummtemuevmdesevaMse@amxo the -
dlsclosed enbodi nents, wherei'n the codon for histidine 300 is substituted
- by a-co.don for leucine. Yet another inportant embodimerit is a nethod for
't he attenuation of BVDV according to the disclosed. enbodi nents, wherein’
.the codon for histidine 349 is deleted. In-a fifteenth aspect there is

A.-Vpr ovi dedl@ﬁh;ﬂ&éﬁ%ﬁé&%&é@)ﬁ&ﬁd&@ﬁ n%ﬁhoﬁ\f%ﬁhﬁ% a'ttelg)uaitﬁ{ na f“g“%%o‘%a&é@m&

~accordin n ti SI Xt ee
vaccine %B‘rt?@r" P gfchtb éﬁ'ﬂ @%b&?@ﬂd*mwcmvsn@n@s dsﬁqr@@dﬁupe&mﬂtednfe@omaﬁ\!m
i nvent i o¥ionewy dessribdd sppranwbeaih Isﬁl@hbﬁtb%rﬁﬂbta’txo%l@éd‘ﬁ%ﬂ%ﬂeﬁ@ dndatiefiafRt abl e

~_carrier ﬂ{enotﬁg&cdf{p,beégoverg@B@Dgﬁ}éent eenth aspect, there i-s provided a use of
a atten 20 clone or strain according to the. “inventioninthe -

‘manuf act ugpenéh Freel herefioprovided aneliridof atanvationchf & BYBY steait, cohpriiighe steps
infecti mis 18 Preferably, a vaccine of the disclosed enbodinents refers to
-a vacci ne as defined above, wher ei n one- |nnunolog|cally active conponent

s a live BypMniwhaeRpirid!er PR tdtatibnd inko/thel BRANRBIGELI S ing to the

U nact ivated.  The term"|ive vaccine™ refers to a vaccl ne conpri-s
© particle capabm!enflon e@ldeembeﬂwupm. orplata ﬂwirdeetawsmvmneomdmetow ral

‘1_ "'corrponent bl a yacc according to the discl-osed enbodi nents -
- conprises an aﬁ?&mambﬁé » 1 according to the discl osed ' :
- embodi nent s z ngqnboatﬁshg\ftﬁétnmwamwmﬁ@u tbié St EtROwRerdirf S HIgAtie  the

‘di scl osed enbodi nents or any other anti tic group and a phar maceutlcally
“accaptabl e cartfanseribed éntoiRNAmr. lniszit&lngianlmﬁmmsmbed rfrom seig BiAsinta -

~conbi ned- VaCCIsEﬁie N@séeﬁreferabl y, said attenuated BVD virus type | o
.according to osed enbodi nents ‘may be adm ni stered f| rst foI | oned

. by an - aa)eollecting viral parbcles produced by these cells; =
R wherem satd mutatton or mutatlons resutts in attenuatlon

e The mutatlon or mutat:ons can be a nucIeotlde substltutlon. deletlon mserllon, addltlon or comblnatlon
thereof, ' ' 2

: Accordmg to the disctosed embodiments "mutation” ‘means the replacement ofa nuc!eotide by -

_another (e.g. C foraT)a so-cal!ed substltutton -or any other mutatlon such as -

*deletion” or “insertion. “Delotion” means the removal of one or several nucleotldes or -
»  amino acids.

' 'As these mfectrous BVDV clones accordmg to the dlsc!osed embodlments can be viruses of authentic -
. vnrufence closely resemb!mg wild-type viruses and at the same time havmg a defi ned ‘genotype, sald '
. virus.can be used asa posmve controi in ammal experlments Said




.admini stration of. ‘an attenuated BVD viTus type 2 accordi nq to the .
-invention three to four weeks later.-Preferably, a vacci i 7R ng to the :
di scl osed enbodi ments conprises: an attenuat ed BVD virus: type 1 -accordi ng-
"to the disclosed enbodi ments -wherein the RNase activityin its protein ERNS"
is inactivated, conbined with an atten%ﬁaed BVD wirus type 2 according to
t he di scl osed enbodl ments wherein the se activity inits. protein ERNS .
i s i nact injestius clopes aip pxastient fools far iogranting epegificelly atignueiel BYPH elompsds be usasitfovi ty

toits preog eaam&t%ﬂ&tnloee bmg@‘dtmyrattﬁéﬂe is®Ricad BgBV%ﬁfélWHe?eﬂ o Rﬁﬁ%.ﬁ@l e
car rier excl pl en a St er

ot . Mool MBBloig £l naBR e PR STRVASR BN pecfeled Bl oy

supra napndier Otit?nmntamrequeldas $ubstitutiop| Rreferablly spidaieletiohsianilion other imokatios are located -

.. an, attenaaﬁegtnﬁy&adé/éﬂbeaudnwetﬁsoaenate%gtf&ﬁ@sﬁw@éﬁ three to four weeks

-~ ani mal

| ater. o discl ose treati VDV- i nf ect ed. bovi ne
Alrﬁ‘ft 5H‘°&etﬁr%fﬁ"%‘{]eé‘ti’°d'§\?ﬂ\}sa%nﬁﬂggfgarﬂieta%lmé%t"gg’gtﬂw ?W?Pt'f"héf"%g'%ﬂ”c} he :

- at t enyat eWtaBYDY nutatioheis ndbe gly@poEipds atd causessimgiaieati oo beslofSurptian of ke mutated

~ admini st'glpeh. t0 the bovine animal in need thereof at a suitable dosis as -

known to.the skjlled person and the reduction' of BVDV s} ynpt ons such as

Cvirem a 8MP UEIEERERMRPANRT 5 mathodef ateapation pecardinarte the "tV§“tI?BrW'tefﬁ"é‘(He Sai d

t r eat menmutagioredoesistbblyy nay be repeated.:.:... The foll owi ng exanpl es serve

" .to further Hbt{iét'eﬁtohﬁtaﬁt otﬁgrt&rﬂeesge};gg?rb@ﬁeéﬁ A or but the same shoul d not. be

"-perOX|dase ssa Si nc

construed: as

.- 03/:023041 9 @e&ﬁw@uasnmmmenm-omn@@sf SEQ NP UHRYY/006. co
-PCT/ EP02/-09P&e|dtioh bssuastititioh bitidtigine MpBKitisreddosor 8EQE Rbt 4 ned from'the

A kyi | .
e PR, YEBnoia b A AbabISRAE L B s Bl S G, OF Oﬁ”ér um
.(FCS; tesnssing the ntltt%loeefseeﬁt@é/ @qmep?ébfﬁtidmermyt!@:néoemmdfcb@d? wberagtherpgﬁmg IR
o "pestl Vi rmgeﬁ}s@@gtdrwmﬁ@taal al amno acids. Bovine viral diarrhea strain .
‘New York,,' 93 ol ate VLS#39 Ki ndl bo i
R Vo et &l b N R oS by M e P st BY B Rohsrasb s
: I t haca) . eMprginentsuwhereit hevoedan fortistidine ARd is peistitatgd bpadodeador ldusineed New Yor k
a3/ cr t‘h@%ﬁ&hér%porﬂaﬂﬁéﬁ%ﬂl%nt@gaﬁt%thbéfor th@TEHE'tQJfa}ithff 9%9%&@@1 “‘lead%‘éloelécf us

: e gstlv ruses are y ‘associ ate t herrr host
“cells, I§8 F Wheteia fhegqdqndpn histigiae 349 is delels® £ or rei nfection of ‘cul ture

~cells. Lysates were prepared by freezing and thawing cells 3 to 5 days"
after i | s GGk ARG REE s Rl afbitehdfed BUbGSBnd &f&@&rqm%ttﬁ\ wet,sa' n

method accordlng to the invention,

e i nventl on di scl osed herein. WO

Ina sixteenth aspect there is provided a vaccirie comprising an attenuated BVDV clong or strain
o ..accordlng to the mventnon optlonally in comblnatlon wnth a pharmaceutlcally acceptable carner or. .

o in a seventeenth aspect there is prowded a use of a attenuated BVDV clone or straln accordmg to the
invention in the manufacture of a vaccme for the prophyIaX|s and treatment of BVDV infections. '




‘the text, -a multiplicity of infection (mo.L) of 0,1 was.used for -
~infection of culture cells. For imunofluoréscence and 55’?‘:{5‘3@1‘7&9% assays
the infected cells were fixed with ice- cold :acetone: net hanol” (1:1) for’
“mn at -20C, air dried and rehydrated with ‘phosphate buffered saline
(PBS). Cells were then incubated with asgm xture.of anti--BVDV nonospecific
anti bodi es directed against E2 (Wiland et -al. 1989). After three washes
with PBS, a -fluorescein. isothiocyanate (FITC)-conjugated rabbiti :
ant i - mouBesferably, aivaccinaiof lhbdﬁMos(eE)leﬁllbﬁdtmentsﬁfdbslfoga,vac@ﬁem&ded\mwﬁbbr&@bne '

detecting, Doup |c§|19tat:tng %ﬁ& nkft id Dfive 3\@@"@%% H%E‘F&fa‘ﬁé‘ g@lvﬂéﬁ ﬂé’&rgtrel[: ﬁ%ao dy

per oxi dase ass aSe- conj ugat éd goat

(Di anova)"aﬂ‘ft}e@te@ts'ré‘ﬂ tea's "*yee!efme rﬁwqdeeyacwacemprlwwswaﬁwe Freplierson in - at
room terrp@r@tau,raeep|ieatohscﬁwrvﬁa|\o@ﬁ;m.dntt hree times. with PBS. Bound antibodi es:
were detected with a solution conposed-of 50. nM sodi um acetate, buffer
pH 5.0, 1 pM ami noethyl carbazole and 0,1 % H2-02 30 Northern (RNA) :
hybri di ZBrefesably, RNgcoiNg Sogordinsee the: disgloprsiampogimeats comprises arbattebyatects%‘r%wrusa@ﬁsu t y

gr adi ent 4 saratcmgftagetdts@raseasendssaem@s&lnnﬁé”doﬁ.e -an (—:.t?@rrsraaetxnstruﬁype ﬂ&%&hmg@'

| t ct | be :
 oost by or R BEbse SRS oy Pt bR ol TR PR s A Capor
©°1989). AexcipitinbSeldivaesing nieatbe et disIARAB/202B0ied GcFIaE. IMERDR 0G0 SsaRpttoMBRd

. product gay Q#L%qweqea%cﬁ@ﬁ%tottﬁe AR ed e%%&n%n'tsarhé}( Mmméreogfﬁét%lméd b&sé?"p as a

'-probe . P CR was: carried out either. with -PolglmFrase
- (Promega? m'wamtﬂ'é?fan aenRief P Ddirisivee? %aardwatce/%meaom&at? {inwecks later.

Hei del berg, Germany) . following the _ nanufacturer’s recomendati ons and

- . using’ cap, @?ab?yog vé&mggc%ﬁ tb ﬁl% églga?edaéﬂ%ndlﬁénte @a'lmns é rf:?r@ uaﬁ%d é%rgruytf%t he

sequences 0 1catlon”
~genome wePEOIEHe b8 ﬁisc*m\?"ﬁwlwts whereip It'tﬁﬂ"@fs petiity intspiotein E Colsarivgle,
*“Denmar K) ¢ombirka ehithl aBKEdnu S8BVD msmmwﬁmmm&mmmm itief e the ound

‘and Zo GLEGT %%T%%T?TE@@A% t he % @df'&q% %w pelmnﬁ Nase

.arrpl ificatron . enone
‘ actlwtyrn its prate:n E Sis inactivated, and a pharmaceutlcally acceptab!e carner or excrplent aid ‘

vaccine may be administered as a combined vaccine. Most preferably said attenuated BVD virus type
1 as described supra may be administered first followed by an administration ef an attenuated BVD - -
_ ' virus type 2 as described supra three to four weeks later.

" Also disclosed herein is a method of treating a B'VDV'—infectedrbovine animal with an attenua_ted_ BVDV '_
as described subra, wherein the said attenuated'BVDV or the vaccine composition as disc!osed supra -
- is administered to the bovine animal in need thereof at a suitable dosis as known to the skilled- person
'and the reductaon of BVDV symptoms such as vrremla and Ieukopenla andlor pyrexra andlor dlarrhea is
‘ monltored Sald treatment preferably may be repeated y IR '
L The followmg examples serve to further- |llustrate the. present mventlon, but the same should not be LT
T construed as I:mltmg the scope of the mventlon dlsc!osed hereln AR s : |




: '.the flrst wer e upstream round and CMF9: - CMB6: used for CW46: 0;
. GAGAAGGCTGAGGGTGATGCTGATG for - the nested PCR and downst réXfmasAods . o
- GACTTTCCGCTTCTTI | | AGG. Reverse transcription PCR (RT-P was Was done , S -
“Wwith the WP&HH4ne Tube RT-PCR System (Boehringer MannR&THEPEPTany) |
. using 2 erg of total RNA as a tenpl ate and follow ng the manufacturer's
instructions. The primers - 'for anplifié@tion of the E coding regl on. were .
-upst r eERam@I@: 1 GGAGAGAATATCACCCAGTG anddownstream CMV21: -
CTCCACTCC(%A The arrpllfled RT- PCR product s wer e purlfled by
pr epar atfiR Bﬁ‘%ﬂ&%@@ rophoresrs and el ution with the Nucl eotrap.

Wt (Macherey-Nagel , Duren, Ger many) as r econmended by the manufacturer. -

Phosphoryl ation and |igation of DNA-oligonucfeotides.to the 3' ends of -
RNA. . ForCelisgainidonirases. DIDBISr tafts wese t thfaiiede framofhe HMENsans Ty@koflltuihe

CoTAnnaAislreibrstRpanale. WS ¢rlk RS o it DASGARISCRbBI Eadp medum, o
-kinase (\BWtentetiedWithH0% Pétér, carfssémﬁt ) teSletTanthe dbsente pf pebiins-and (2
mM-ATP, “50' MM Tris-=HCI| pH MCI2i 10 mvldlthlothreltol 25

pglm b@ntlbedrseragmnﬁtp wmsee’rancbnmeeseﬂﬂemmwedeo primer was passed

B O TR S el i

- Li'gat i ompywas jcBubOA NN Yok Btate Ogllstfe bﬁ)\/eterﬁb#y Meejjzine dComath Universityd:

-cutture Cells and 150 pnol of the phosphor d oI| on “20
units oflthme]amfa_wgeeendteweet)rqnerenwb@aseﬂgmabg a@ﬁbﬁ%%
- (‘New. Enqﬂ_x %ﬁ% ol abs, Schwal bach,  Germany) in 50 p1 of lipase-nmix (50 m\/l
- Tris-HC Sr% 8, 10 nM myd 2, 10 rrt\/ldlthlothreltol 1 vaATP, 40% o
, q‘pol yet hyI ene gl ycoI and 50 . - ‘ :

‘lnfectlon of cells, :mmunoﬂuorescence assay and virus peroxrdase assay. Smce '
| pestiviruses are highly associated with therr host cells lysates of infected cells were
B s used for remfeotlon of outture cells. Lysates were prepared by freezing and thewmg
- cells 3 to 5 days after infection and were stored at—70°C. Unless indicated otherwrse in
the text, a multxpl{orty of infection (m.o.1.) of 0,1 was used for infection of culture celis.
) For immunofiucrescence and peroxidase assays, the infected cells were fixed with i ice-
. cold acetone: methanol (1: 1) for 15 min at -20°C air dried and rehydrated with '_
' 2ﬂ ~ phosphate buffered saline (PBS) Cells were then mcubated with -a mixture of anti-
BVDV monospecrt”c antibodies dlrected against E2 (Weiland et al. 1989) After three
o ‘i.__washes wath PBS a ﬂuorescem rsothrocyanate (FITC) conjugated rabbit. ant:—mouse
N | ant:body (Dranova Hamburg, Gerrnany) was used for detectlng ‘bound. antlbodles in the" :
| ;1mmunoﬂuorescence assays For peroxrdase assays peroxrdase-con]ugated goat antl—
s mouse antibody (Dianova) was used as second antrbody After incubation for one hour.
'- at room temperature. cells were washed three times with PBS. Bound ant:bodres were

o amlnoethylcerbazole and 0, 1 % Hzoz |

- Northem (RNA) hybndrzat:on RNA was prepared 48 hours after lnfect:on by cesrum_ _

dens:ty gradient centnfugatlon as described before (Rumenapf et al. 1989) Gel
electrophoresrs radioactive labelling of the probe, hybridization, and posthybndlzatron

S "\ 'washes were done- as descrlbed before (RUmenapf stal. 1989) A radroactlvely Iebelled R




.unlts of RNAguard (Amersham Freiburg, Germany)) .for 16 hours at 17C.
The product was purified by phenol/chl oroform extracti dﬁF"é’ﬁ’d’Y@Pq‘?anol :
- precipitation. Synthesis and tailing of -si ngl:e- st randed DNA. :
"~ Single-st WMERE304L. ) DNA fromthe 5 end of the virus qemrez/wa@
‘generated with di spl ayTherno- RT reverse transcriptase - (Display . Systens : .
Bi ot ech, Copenhagen,. Denmark) wusing 22pg of total RNA from inf ect ed cells .
and 100Pmbréauc@r(hlﬁ@éot@&94éee% HR0R) foth BffainORel. Yerkdod/al wasiuepd sda
-nmanufacturer's instructions (reaction: 65 C for 10 mn; 42C.for 40 mn,
65G forpILGbe m n) The DNA was purified by two sequenti aI phenol / chl oroform

t t I I DLt t t at
® Senac PR ARE RTARIE PRRVaH Sii8asqll il fitn O POYMGER raivaee; o\ ©
Term naMadﬁﬁéwueeemahglylor Withn TheFRPmEELE) (Arﬁiﬂideaejvuﬂeadalbarg, BiGerimenyral s,

~ Mannhei m Germany) using 50% of is the "first strand prﬁg)0 50 ugh&u
"t er mis nafollowing ftae amenuigchiepni reprmmangations @nd U§ing2 can ffer

.as reco a t a r

t-he pr o%ﬁ@gw 35 P edlggyg% eﬁsrlr?é(?;ﬂ@ﬁ%f or%eg%sroggt fhgn%én rgt lﬁiér?o%ﬁ
precipi g rﬁrﬁatloﬁ%f?zu@tiheﬁd &f Mq&mmwaem upstoearg,o'ﬁzsﬁ\mmer (Dlm&rsm
. BVD15~C& yers et al 1991) as. as, wth B2

( GTTGACRIEE#NTTTTeRpaghageRy 2 1 GOE@Tk)CTTAT TCT&W&’@?  BVDBEMTE:

(TToCK o R AT A R A o A AT The

- probg uETCGTCCACATGGOATCTE GABGALY )fowibethestxdol’%t Thei-pemers orsesl dONA.. .

out as
- WD 03/ OBQOZfth’EElT

- 3"982&féﬁéoﬂrq%ff%aftp%ﬁ'tﬁg°p§ar TELCHRY B Dt e sl e
n_ucleasg@ic-yg) T@ﬂ@' i slyo,- deih@t | onfifst br aypdrd of  aRiA. (t;Maoes

" (Heni kof Nucl eot | de segruenm ng of doubl e-stranded DNA was carried
“out wit BAGARGEIQTIHAGES TEARGETGA Ehefsctigenestad RER @pe %wet&am nls-

ooy e A RSB R et Y GUEP SR R S odS

Synt ,pesrgﬂh @ic TIAKTM ORk ARIDRIRTUFCR ISYsinY (B@émeggea WameiheingcBermadrhy), using'd ed
escri bed, evi ousli ypiétle\e/e%/gé]ff@et aIg 6or cqilgéﬁégﬁge&ruary 2006 .
RE&OZBO@Q@BI hewin 3é‘|b|§a ‘Ffﬂ?éﬁ ﬁ'a@ht

'AA'CDNA cl grrfr%grswe oF S%%H‘ta'cgﬁgn B¢ 8fhe l@'%t ‘coding region. were “upstream, CM28:.
' GGAGAGAATATCACCCAGTG, ~  and . downsteam, = CM21:

 CTCCACTCCGCAGTATGGACTTGC. | | | |
w The ampllf ied RT-PCR products were punf ed by preparative agarose gel
o electrophoresrs and elutlon with the Nucleotrap kit (Macherey—Nagel Daren, Germany)

- as recommended by the manufacturer

- - Phosphorylatlon and Iigatlon of DNA—ohgonucleotldes to the 3' ends of RNA For '
| 25 | ligation of a DNA primer to the 3 end of the virus’ genome, the primer was-
| .phosphorylated 10 pg of the oligonucleotide nls+: CCTAAAAAGAAGCGGAAAGTC'
were mcubated with 5 units of T4 polynuc!eotlde klnase (New England Biolabs, .
Schwalbach Germany) in 30 dI k{nase—mlx 2 m ATP 50 mM TI"IS-HC| pH 7.5, 10 mM -, L
k MgClz, 10 mM drthlothrertol 25 pg/mi bovine serum albumrn) for 40 min at 37°C. The
. 'przmer was passed through a sephadex G-15 spln column (Sambrook et al. 1989) and - ,
| *furlher purzf ed by phenollchlorofon*n extractron and ethanol precipitation. - .
| ngat:on was camed out using 5 g of total RNA prepared from mfected cu!ture cells ’
B and 150 pmol of the phosphory[ated ollgonucleotlde Wlth 20 unlts of T4-RNA-L|gase'




’ 'I‘ES'[I’IC'[

” '.t-wo cl ones. N n to't.:alw,' “about 47.000 nucl eot i-des were. anal gzed V\:hl ch equal s
an overall coverage of .--3.8 for the entire geronme. Sedf&heYaA® ysis and -

al ignments were done wth Genetics Conputer ‘Group software (Devereux et
“al. 1984) We0EHa4lr uction of the fulllength cDNA clone. FRESYEROZDMEH,

cloning.. and other standard procedures were generally carried out as
deScribed el sewhere (Sanbrook et al. 2B89). Restriction and nodifyin

gﬂzymes N@\W;E ér’r’d B@ﬂasé %erh@w@&glbwdg Fefwiéaﬁe ul (OBligase-tnic (50 BM r'fmlﬁyh'GICB./ .
ar nacCl a reib coO ns
(nucl copFes, 0 b RigCis) 10 bl Mot T T AKE, épefbpvlas@w%%et@

[1 3
b, 4, Bitd by BRACRaH AR AR #eiclRd BenBh AT sEHGs b ?'ﬁg‘ﬁgfﬂé’%dﬂ’%ﬁ o

r eachi ngydsrpurifiet by peiriotiehipnsiom extradtioh and ethanol precipiatiornas obt ai ned by
RT-PCR with primers CM29 ( GATGTAGACACATGCGACAAGAACC) and CMB1.
(GCT'FCCACTCTTATGCC TTG, wusing total RNA from MDBK cel|ls infected vmth

field, o
Lol 0. | sopthea/SNEPRRNGD o SiRGR.Strsndsd DRACSIB abrtedles ONAio tlbasm d

cDNA inserts are . underlined. 20 .
First, ehdns tﬁB/\ﬁ}un@rmm:a wasrgehetatbdamth &ispwyrrhemmt rRyecENanstestas

Lt f dt pACYCLl7/7 t th t d
e eablarie bidih chshabs SBRus! Ry 7 ALl BRI
o t fd‘ﬂb
(oo g e el b 460 e pririCuro YstsRPER and RIPOR) s e ot
- Hi ndll | theinaasfasturetis mschrmtlcnmsj(raa@’tmn pESCrioe i 0 arinu27¢ for 4b: r@lalrrESe(F. ot

1Tk PR BB R RSPy, T Rpgh Bt ol BRI, StRyoRt oA .
:pKANEl4 g@gﬂ prec t.%hsmtﬁ VP01 ORTEmATONAIS boste¥Scrgefari@98)l by PCR wit h

primers.;

: AATACGACTCACTATAGGTATACGAGAT é@ GA@(

. "-CGTATATeGaiﬁry@wL\@aTM)addadttq ther BeaficlaNA strangt yith IP”B'E'& ORISR of
the fir 111
ves. " o0 Tt RsB TR Fe PR BicoRRuicdlE aAniRl cRiFahy) uhg Sng o
Xbal ﬂndtﬁ’srﬁlst sirbRE pfodudhl5E aite téimifal traasfetaseg 6,25 mmmw ,amr\rezzmmat er

“'it was found that oligo CVMB7 contained g% ﬁl se n cl eotliﬁ bgMNE 2

S was rep@q@mm@o BCRf Wgﬂ‘fp@ﬁerggge@mgzende yt emanu actlrer. After mcu
- (GA égﬁ[ RAUSRd wBanol :
- V\D 03/0 0 OW Was. - C on‘g%ﬂjlb to {uﬁgg}goéﬁrggeﬁrgcgdl ng ?o plngsm d -
pKANE24 prddisitatione 23 . treated with. E coli DNA- Pol ynerase Il (Kl enow
"fragrrent) to -produce bI unt ends and : o o R

1

' -:Q | Construction of a cDNA hbrary and nucleot:de sequencing. Syntheszs of cDNA
- clonlng and library screemng were genera!ly carried out as descnbed previously
L (Meyers et al. 1991) GDNA’ synthesns was primed with ohgos BVD13, BVD14 and"i:;‘.’_f'
. BD15(Meyers et al. 1991) as well as with B22.1R (GTTGACATGGCATTTITCGTG),
S " B12.1R (CCTCTTATACGTTCTCACAACG), BVD33 (GCATCCATCATXCCRTG ArGAT),
: 35. N7-3-7 (CAAATCTCTGATCAGTTGTTCCAC), B23-RI1 (TI'GCACACGGCAGGTCC)-
B "and B-3' (GTCCCCCGGGGGCTGTTAAGGGTTTTCCT AGTCCA) The probe used for
‘'screening the library was the Xhol/Aafll insert of a cDNA clone: frorn BVDV straln cp7
| “(GenBank accession no Ue3479, Meyers et al, 1996b) hybndlsatlon was carned out at
" B2°C. | .
30 | ‘Exonucleass. Il and nuclease S‘l were used to estabhsh deletlon ilbranes of cDNA‘ ‘
_‘--clones (Henikoff 1987). Nucleotide sequencmg of double—stranded DNA was- carrled _
out. with - the BlgDye Termlnator Cycle Sequencmg Kit (PE- Applled Blosystems
| :Welterstadt Germany) As a rule both DNA strands of the - cDNA clones were_"’"-




‘then restrlcted W|th Bsrd. It was cloned: |nto ‘the Spetbtun /| Bsrd sites
of pKANE22, resulting i-n plasm d pKANE22A. The insert Jf FéprE28¢%ne 8/ 11.
was cut w th Xhoi and BanH ‘and cloned into J° pACYCl?? cut with-the saire

| “enzynes; tWR0¥ESMEt i ng pl asmid was named pKANE6. The ARGTERO2/BYAH
- fragment of cDNA clone 1,3127 was-transferred to, pKANE6 yi el di'ng plasmd

pKANE15. Then, the. EcoRV I . Mel fragnmept from pKANEI4 was inserted into

PKANELS s@h@@ﬁé&d oNeHBps E;%hﬁé‘é??md\%ﬁéﬂd@ﬁ omm Q:Idﬁe%u\lrvéx‘engecmeﬁéé@i bri@Sleast
PKANE21.” "pKANE21 was est ed and EcoRV, and acorrespondi ng

f r agmentwé cloneSadn tt¢t8h<‘aﬁout AZPemudeafides waeue aElyzesswhichrasial e qwauzm

Sin i1 o CPURGR BT B BE SRS TENONE. SHLopaetA e A a o R

. and ECQWIth@&éﬁc%@éhpﬂﬂé?GrWW&e (Dewkém dlmggmsm d pKANEL?. Then
the SacilKpn2l fragnent of - cDNA clone C4/24 was transferred to pKANEL7;

the plasmid was called pKANE20. The Stul / EcoRl fragment was excised from-

SRS CRIRTEof B P e Morihah 2ol SR Habhes
Fi nal |y prédegiurdieivere Gemdially bamrﬁutfarsoaesmﬁaéﬁe&emmewSambm@d dlntesgihe 3"
~end. of the genone was generated by PCRwith pri mers 82- 11500

(CCTAAcBeseemmAeeecm@re;ngarﬁnzmef ¥erg mebtaimed rfeami Nevg England o Biglabs

- Fut -1 ool e B mdin SRR L RAEAN PR sk o,
L per GeivMiRp), ehA/BABERGECVERARERNESEEYRA) and. CML29 2J. Site-directed.. ..
T e i e Vi et B b il S0
~follow B%n&hﬁua[%ﬁ{?&ons Tﬁ@c{le& d}é%%d t&é&?@g 1a‘§&‘ﬁ Eﬂ“{@uélé@ﬁhggoﬁgz to 2400)

introducing’ e region | ohe
* ‘obt ai nepia‘snwdrﬁlﬁe(nunredtldeama@mmﬂjr pleysml(i rIBtﬂ?e(wchhehdssMY&S mejo) and

0l'i'gonuc eotl - for er ti a 40" A were
(adt B eaoe s Bal e 37o2E R et SOTRE 2 deagriog s fem
PCT/ PO e g@@@%ﬁ Q@Q OCRagigNpamets Chizg
~desi Jrj'Eed%(lérll%t at | ﬁgtlgﬁ Egﬁgﬁ?gﬁo %irﬁd'é-@sl% gr‘r-:r%t at |Iong Werse verified
L by nucl &ATGEA@%@AG&T@GMAM&B)MIGW1 G GRECENETCTAASIGEET 3 6),
" ' using total RNA frcm MDBK cells infected with field isolate VLS#399 as a template. In* .
the followmg descnption plasmid restriction sites ﬂanking the vnra! cDNA inserfts are

. underlined.- \
a0 First, clone CSIB was cut w1th Aafll and Hmdlll and the cDNA insert was fransferred to '
o PACYC177 cut with the same enzymes. The resulting ptasmtd was named pKANES.
. RT-PCR product RT EZ ‘was inserted mto the Ndel / Hmdll! s:tes of this plesm|d aﬁerf_f."::.
| ‘j restriction wnth the same enzymes the resultlng piasmld was pKANEB Then, the Aafil N
S -‘_i"fragment frem clone 05111 was transferred :nte the Aatll site’ of pKANEB yleldlng'
»s  plasmid pKANE14 . _ ,
| The 5'end of the recombmant cDNA clone was generated by PCR wath prlmers CM87'_
(GCTCTAGACGGCCGTAATAC GACTCACTATAGGTATACGAGATTAG CTAAAGAACT-' | L
| CGTATATGGATI'GGACGTCAAC) that . mtroduces aT? premoter sequence upsiream -
- of the first cDNA nucleotide, and CM79 (see ,PCR and RT-PCR"); plasmld C5/11 was
» used as the PCR temp!ate The PCR product was ligated into the Xbal and BsrGl Sltes
of cDNA clone 0519 resuitlng in plasmid pKANE22. Later it was found that ohgo CM87
- contained -a false nucleotide, and PKANE2Z was repaired by PCR with ollgos cMss - .‘
(GACGGCCGTAATACGACTCACTATAGTATACG) and CM79. The: PCR product was‘-"




Transcri ption of RNA and transfection of NDBK cel |'s were done essentially
as ‘described before (Meyers et al. 1996a).. Briefty, 2 d§FEFPH% espective:

- cDNA construct was .linearized with Srfl and purified by. phenol extracti on-

~and et hand¥O@¥&8P4i t ati on. Transcription. with T7 RNA pdICIER0Ae92Y NEB,
Schwal bach, Gernmany) was carried out in a total volune of 50ul - o :
transcription. mx (40mMM Tris-HCl, pH & 5; .6nM MyCl 2; 2nM sperm di ne; 10nM .
- NaCl; OtréatéCPWHME.%olﬁﬁﬁh—?é’l?ﬁera_géﬂ (KiBRowTeaddiétit) 16 prddutict biunt bndstapld
100ug/ m , of bovi ne.serum -albumne) wth 50 units of T7. RNA pol rrﬁéase i-n
 the prethanceesfiicted vitin Be3IRiAyas clonedniaiaike Spekr BilBere! stgs rﬁirR%’.XN Zer
i ncubat | 7 reaction m xture was passed through a
Sephadeké){']';'r[@'gg @'pogﬁglﬂ@még% further purified by phenol extraction and
et hanol Tpeeirsprit of iIcDNA rclond 8t wamaidti with oXhelr and eBamii naric atlowed viak> done
. with a suspension of ca.. 3x10& NMDBK ﬁ_|el | s .and abo,at 0.5 g o@{%ir ro
_ transcr PBQSW%MH@ 8 semeenrIEs e iesuiting flasmig wa: Lﬁfg,dp € The -
- RNAI DEAR et S he hegb PYvdY XangreiA @ BRANER Vidldink00 Pl
 TpSs (5G] B FREhLET ARSI P YvaE SRSl © BRANE pigdnto
- and 1 gplasideKANEKS. Jden]| tieeEcoRVI/ Mieb fragiment oo pKANEAR-whrs inserfed intey/ ni
_ i n_.HBSS I_ncubajion, for. 30 minutes qn ice..Pelleted cell ’
washed @B’%ﬂﬁt ﬁf : W"f'h SRpe; enzyAIRs, | Fg, Eesuling m*ae\gﬂép@ﬂﬁggﬁ? n the

- RNAI ﬂéﬁ'l%a@diéé%téd wifH. S5 Qridl BBbRY, ignelUl doneRpahdind GragtlentPirom
di met hyl sul foxi de was added and the m xture. incubated for 2 mnutes at
- roomw't epiSANEHdr wasAclomedainte t these osites, nieadipgsto qasmid wkANER4. Thea Wed ..

~washed @nce i fh HBSS..and. once by urdi 4m. Wi thaut S, , Cellsavere -
T esuspenasl st iraaion o PA b TBE AibeY 8 JchEre as L M Esame 4on
. to 72h" gRaimé rESiesakingblashidwaspIGANERBAlNL. and seeded. as appropriate for

subsequent’ -anal yses. El'ectroporation was used for determ nation of --the
““speci fi €he nBecendi efy the . gengme 3wase genprsied eby's PGR owih nprigiersh B<pHiHod

~buffere RS A ' -qr@f@)e ‘ si um and cal ciym wer e .nm xed W &g | |
.ap.pfropr&ﬁ%{;@&rf%%&aﬁn .tTansferred. int ‘oérléaﬂz_mn 30 el ect r%lglc?rqat I on
| .cuva]ge.z t e(CGGANTTOGC aqamepfi‘smf @aTC b TreC homk\ml')oﬂrh_iﬁﬁ'%dﬂé, gﬁnS_S_tLMsite fon a
.- . Hoefer PG 200 Progenefor |1. Afterwards, the ce|]ls e -see i .5 cm
- di shes ted" ead:0f\he gepgmemfiip SR Braskict was %.lb%tL Bﬁﬁ"\.’ﬁ{?ﬁ &Fﬂsﬁﬁ"&&ﬁ%’@é’r y
2046 3, P : ; ﬁi(m ' i : @Eﬁg iaHit e
. MDBK c\éﬁ@%ﬁ'eg%‘gﬁ \%IZ {rﬁ%ﬁ%ﬁ‘u? conbléﬁg'mgb’l %%?sigan glrag fé(girt ?1?8'
hours. ¢BNAIonE €df2dwas trhnsforeditd pKANE 7y theuplasmid wes aalled pKANE2R The

. lg?g;;%ﬁuizcﬁ:gﬂwa%%een? w(r:a%,l éfcis"éfedr ﬁo%sﬁ&ﬁéﬁ a%%gglgrlaé/ into nptlésorhid gﬁkhem

" » which was digested with £coR| and partially digested with Sful. The resulting plasmid

" was pKANE23. :Finally,-the'M I PshAl fragment from pKANE28AIl was inse'rted into
o  plasmid ,P.KAN.'_:'??QE'%","’ZYF'??‘!‘9 ???‘F.e enzymes, leading to the full-length cDNA clone

. pKANE4O. .

s Site-directed mutagenesis.. All mutants. w?e're: generated by PCR using the
o 'QuikChange site-directed mutagenesis kit (Stratagene, Amsterdam, Netherlands)
following the manufac_tUre'r"s instructions. The plasmid used for silgt_rgducing mutations
" into the region coding for E™ was .C.519,' a clone obtained from”‘thé-:iﬁiti'ai cDNA 'Iibrary-r
(nucleotides 50 to 241 1)'. Oligonucleotides fbr generating rr:iutaht‘H,“StlS“A were CM126
» (GAGTGGAATAAAGGTTGGTGTAAC) = coend . CWH27
- (GTTACACCAACCTTTATTCCACTC), oligos for mutant H'297'L were CM128 .
(AACAGGAGTCTATTAGGAATTTGGCCA) .~ .and  CM129 -




‘and’ rreasurerrent of RNAse activity were carried out as described before
(Meyers et al. 1999) with the exception that |ncubat|ori3§¢bﬂtaﬁ@0?ﬁ' obes at
37C was 30 min instead of 1 hour because |onger -incubation resulted in
- consi der alW@03makgr ound. . activity :in NMDBK cells. Ani meCTEPpROSZENtS. Two '
ani mal experinments were carr| ed out- to test the reconbinant viruses. In '
.the.first experinent, two groups of 324| ecked cattle female animals. (8 to .
10 NON{TGGUCAAAET @Cmmﬁl@k@'dcmﬁ'r)afhelpyewncb ot @ba GeElsad pmtatmrnsrmtd In
t he secgnd - experi nent, " mal e Holstein aaﬂd{y n-cross.calves ' (7:to

X10 weelt® %#Qﬂ"'oﬁé?féec‘?m §'§Q B'ﬂ“@tlﬂﬂsa\‘l‘%@é‘lewe H‘ufriBPg' 4 EPANEHRY: aninal . In-
t he chal l enge experinent, animal's were inoculated with 5x106TCI Dso. Al

animals were tested free of BVDV specific is antigen and antibody prior .to |
i nf ect i fmvitrongeansdripticenandRNMsansfeetidiloused i n separate isol ati on uni ts.

d | ded d di d
Sect s on TrarBragiP ERRBA THoHeRe o MEBRSIF oS cEie shrrtBly SR dehied
_points b?l‘&h&ﬁhn@%rb@ af 18954)CBHEMS 2 |RESHE R HNREDR AR irdce Yrae arrealreéwrl n.

(ca. 35 ess 't ‘'was used . for thmﬁroductlon of serum 28 In .
order t mthéilﬂrandrwnf ibd bymiwoolextrsction rog athanch prasipitation. irenseription wither /e

DR ol GfmBie R SAPRlSE GeBhed S ried JOLE SHNURE S Ao

- ..incubat eénéaﬁpn@r?nlo@mohwnrreuelo blprwsdelnm MyOl Dinh spérmidinére! 0paldl NACIHVAS

washed once with LySis buffer and twice with PBS wthout Cam and Ne

- before MM pheack ATHHEAIRICTR andUTPe40Npikdiguethieitoh PBo/my of boving fRum

5 %

- Pheubat %fﬁﬁﬁrleléﬁﬁtéé Ul TEINA il BaR e BB RE PR RN
m Cr 0S CANArmLibFiditsurg VE¥mihy 1Y Aftar incuetion 20 37D forT‘ttethIerreaetlm)emMure was

“virus-neutrali zmg anti bodies. was :tested in seruny saﬁl es-that had_ ‘been:

i nact i veassgdgrqug @&PW%&G@@HW caampi gnd fraRBek Byl séplaen tadractiprs eps
O 32 e a0 B s o5 B | noculaed D8 suspension of
cel l,s 'wenet sstdHiddictheraise, inamsfection wamaldv@t\amaimpeﬁsnba)cﬁcal DACEMDBK celts
- ‘anal ysed by imu_ 18 Febru 23 EPQ2/ 09925 by the
- met hod @1d RERULSS HE ORI Vi trarl{scr'gegﬁl‘)fh ecg@r%éé% %aft %@a@@eé e
it T e oo e 49 oty e
resul ts‘l(maplttrlBﬁS (8igl aftHapes B @ ofiNa@ll, @.82gsf¢iCl, @25 grofWP@upaﬂzé}md ¢g with
" of dextrose per ther pH 7.05) with 1 00 1] DEAE-dextran (1mg/ml in HBSS) and lncubatlon _
h :w for 30 minutes on ice. Pelleted cells were washed once with DMEM without FCS, ”
" centrifuged and then resuspended in the RNA/DEAE-dextran mixture. After 30 minutes
lncubatlon at 37°C 20 pl dlmethyl sulfoxrde was added and the: m:xture rnoubated for 2
mtnutes at room temperature After addrtion of 2 ml HBSS cells were pelleted and washed“: o
e once with HBSS and once with medium w;thout FCS. Cells were resuspended in DMEM
s " ‘with FCS and seeded ina10. O-c:m-dlameter dish. 48h to 72h post transfection cells were .
' spllt and seeded as appropriate for subsequent analyses. ' o '
~ Electroporation was used for determination of the specn‘" c infectivity of RNA 3:(1()G
'MDBK cells in 0.5 mi of phosphate buffered salirie (PBS) wrthout magnesuum and'_ L
- _cetclum were mixed with appropnate amounts of RNA and transferred into 2 2 mm
»  electroporation cuvette. Electroporation was done with one pulse of 960 pF, 180 Volt |n :
- a Hoefer PG 200 Progenefor Il Afterwards, the cells were seeded m 3.5cm dlshes and |
analyzed by mmunoﬂuorescence about 20 h Iater '




" FCS, 100 LU.1 m penicillin G 0.1 ng 1 nl streptonycin and 2.5 pg .| n
anphotericin B) and passed- through a 0.2. pmfilter. WE)B?QHE%’IQP% were .
inoculated in. 24 well plates with 100 pl of: 't hese preparatlons and

- anal ysed BYOOH#3PEct i nmunof | uorescence i croscopy 10 CeMEFERAHEPHSi s. The
strain NY'93/C is the second., BVDV type 2 genone that. has been fully
sequenced. Northern bl ot anal yS| s showed5that, contrary to strain 890.
(Ridpath I%ﬁterrsmatwnlgbaNAseeaogmnMpBKmeteswérecuﬁeetedsmtmthé aegEmbinant .

 rovenl ea ks S Golier (€ haAS DR ied b Brgvin ko seneRboben
readi ng fpositie o@hfr@pllaha uniffebiardlisivierefusdd s ARk v}é&ﬁﬁm&?@t pl%gﬁratfon

untranslated regi on . {)osmlon | to 385) was deter
and was @ tmea%emen gt RNAsg! adlivith ware qamiedroukas Qtessmcbhefer@taldleyetseelt by

ot her *kn ShoroERuE e BRI ich el REBIHAR S o ot BEP Bje et i

'NY' 93/ C Hahoad betawseationidsr sinpalsatidro fedunsderd c@hs;ﬁéﬁé’lﬁlé‘ be@l@@‘ﬁhhélcéét al?ld
anal ysi 36@5 % ‘nf ectious cDNA clone for Ny ' 931C. Al though™a nunb g _
i nfectio %] ones have been establ i shed for CSFV and BVDV. type 1

" (Mendez et al. 1998; Meyers et_al. 1996a and 1996b; -Moormann et al. 1996;

‘Vassilev et al 1997; Kunmerer and Meyers- 2000), -this.is the first report
- of, an i Ahiroal exmemhents. Twicr amimail Wmﬁems wete &éfr@drbutT@@eSt lth‘é‘?ecdhﬁnant

de5|gnedfo f_transcripti with T7 merise, resulting in a
.- -genon®- | YlE‘é*ﬁNr(’ &lec Wabexewyﬂget élf%pwtnﬁsofa%(ﬂesk §at lgdemale animals GhépHO ..

cl-one- wa, tl?ﬂ@éla Lnitial '
_ phage |.'§’r°§fm’%"z one IEEFE product @nco{rﬂpgéﬁiﬁb hgpﬁbgﬁ%]ht"ﬁg?ﬁe%% nd'
. positi on%xmmemnﬂ mﬁﬂ Holsteirhand' Helstkinichesss egvesc@ o -10haedks thle];rWe?é was
- added for.in CYni( ﬁhg ﬁﬁG WO 03/ 023041 PCT/ EP02/ 09925 2
Ctranscri ‘Bfel%% ! ﬁ‘&aﬁ 'VSH" Qf & RRIREIMEle IR fie challgnge exprripeals animals .
| i neari zgéfeo I I'l's
eret  anoreoocfletod Wi DA TICIDRIN A3 Wo Ratied, £KONTIRRDYpRECE
~ tenphat eéanigenrand &lﬂfdthdyapmrrtOpnfashonATlnemhffefremtr@meps ivetre fhoasedlimsapdrate

" pKANE28 t 19 d f t he NS5B di
- Dervea” debiattbh e SR iR RS SRS Bl s lkatgh incomukesple: 11 c

“si-gnal s. sectien.cBlde |
37 s sl et g 8 i g .

gerer at dbe regts saetion rwecwaeeebdizedemmmam (oms35 bUdmm unless it was used
- for the production of serum.

- »  Inorder to determine the presence of virus iri the blood ‘buffy coats were prepared from |
-~ all bioad samples 5 mi ice cold lySIS butfer were added fo an aliquot of heparin
- stabmzed ‘blood (contaunmg ca. 107 leucocytes) and mcubated on ice for 10 min, =
‘followed by centnfugatzon The pellet was washed once wnth !ys:s buffer and twu:e with -
o - PBS wﬁhout Ca and Mg before it was: resuspended in2 ml PBS MDBK cells seeded B
- _2.1.. in 24-well plates were moculated W|th 200 pl of the buffy coat preparatlons end-
incubated for 5 days. Viral antigen was detected by immunoflucrescence m|croscopy
with the BVDV E2 mAb mix (see above). | '
" The presence of vnrus-neutrahzmg entlbodles was tested in serum samples that hadl .
g been inactivated by incuibation at 56°C for 30 min, The sera were dlluted in steps of 1:2 R
- on 96 well mlcrotltre plates and lnoculated with a suspensmn of strain New York '93IC o
. 1100 TCIDg, per well) for 1 hour at 37°C. 10" MDEBK cells were added to each well '.
' and lncubated for 5 days. lnfectlon was analysed by lmmunoﬂuorescence calculated




XI'KE: A.. The transfected cells.were passaged tw ce, and the stock of. the
second. passage was used. for all further experinments. T&ERHA%as. .
. anal ysed by RT-PCR sequencing, -taking the nucleotide exchange fromCto T
at positi oHO®30ds proof of the, identity of XIKE A THRETHROYIIRE '
- infectivity of the RNA derived from pKANE40A was .determned in conparison
to RNA prepared fromcells infected wit# the wild type virus- Ny 931C. To
thi s endbyithe reethodmfr ifaerber (Mayi ehlal RAV4)i and explessed sediteos0 t%aersdpmsini on

- of . MDBK in co n wth defined anounts of the in
vitro trgﬁ%t@ﬁ%%ﬁwﬁﬁﬁtﬁapMﬁmbﬁ%tt| ng and hybridi zation, using a
phosphoi Tegietect VPBK s ahéS dl‘étﬂférggé e Qﬁél@éjw\él'é thkeh Bt {8 1RABHGMS rﬁﬁicafétdh

RNAs, and pl aques were counted three d post transfectio

a¥e; age, in the results sectian, dilutedhin Elélllhﬂfeftﬂffspom btﬁieﬁt;(lEBSAsumenerHedzmm 50%
2 hzl;r glgt efkl&gt ﬁ@g !yf} 3 é%ﬁglgﬁ\{f%bl ha‘hﬂq%l%p&%ﬁ% %QB%S% ? ml%hnﬁoqgngpm h

curve, uanahgassm:l tl’li‘d)ml’nam 2ieh fliters MDBIE CEUSHARE inscLAateanin f2‘4'wél[‘pla‘t§§“§tﬁ”e

-"experlrrené% lllz\lgg MDBK. cel |I's were infected with an.m .o. .
and  sanpl feeﬁeleéeparatloe%%% apalysedby prgliracs tmwnpﬂtzorssmetmromorxmrr s

~ post inf glhe growth curve of the. reconbi nant XI KE-A i s 'sonmewhat
snoot her- an t)ltat of - VLS#399, but both viruses reach a titre of 106139

. after 96 hours XI KE- A was 't herefore deened suitable for further .

experinents., Construction and anal ysis of EnS mutants. Previous

.- experi nent s vmth CSFV (Meyers - et al. 1999) had shown that ‘'t he RNAse

by leucil

- XIKE—B(

f_act|V|ty g E_l?g gl ycoprotein E's’is destroyed by substitution of hi- Stl dihe
297 or 3 ? hé numbers represent the residue positions in. CSFV strain

Al for t I RBbnawerindlysise Teisrstedin INGEIC lsrthEYSedéﬁHelBVBV typé:2 @eﬁeﬂe thaPAés - -
"The . WD 03/ 023041 PCT/ EP02109925 18 February 2006 28 nutant viruses:.are

“ viabl e, haen il Vn?%%lelnﬁeﬁt Nathera lol anglysls showed thatzaptranhdot seain 890

histi di t 0. t -
Pt S dRidEn) Lie°BRiT {5 Bk Bbno8oh NPeROcANINL By RGRD RIS or o,
~ to CsFV deletmnB\(EMatmiteshbwrgelﬂmﬁleotxdel\@eqdé‘metadalsis@t@é@&d’%@tt@“@éﬁtﬁﬂé?g
S with - el ;[2535 eI etion of codon, "H349" or substituti on of codon "H300
THE ePt!Qet fanganbediBiNg SRe qneweaﬁlungafrﬂrse Boeeding ehenlypratsin of

';._-stabl e igy y%ln El@ for at least five passages as determined by were narred
[ KE- C. (H300L). nucl eoti de sequencing of RT-PCR, -

_product Jheri anpransiateg rebiorpbSitiondi to385) e@saieterﬂilﬁed by RACE technology and
. was found.to be identical with the New York '93 sequence publlshed by Topliff and -_

e Kelltng (1998) except for posmon 21, In contrast to other known iype 2  genomes

~ {Ridpath 1995; Topliff and Kelling 1998) strain NY'93/C has adenine at this posmon

- mstead ofthymln o : AR o

o Construct:on and analysrs of an mfectlous cDNA clone for NY’93IC Although a" H
o m " number of infectious cDNA clones have been established for CSFV and BVDV. type 1
. (Mendez et al. 1998; Meyers et al. 19962 and 1996b; Moormann et al. 1996 Vassilev
et al 1997; Kimmerer and Meyers 2000) thlS is the ﬁrst report of an- infectious clone
from a BVDV type 2 strain. The clone was des;gned for runoff transcraptron wzth T7 ._ .
- RNA polymerase, resultmg ina genome-llke RNA without any heterologous additions. .
0 The fulldength clone was constituted from four cDNA plasmids selected from the lnmal -
ﬁphage library and one RT-PCR product encompassmg the reglon between positions
3 '_ 2265 and 4301 At the 5 end, the sequence of the T7 promoter was added for m vitro




.gr owt h characteri stics of the -two mutant viruses were corrpared W th virus
derived fromthe wild type infectious. clone Xl KE-A (Fi QSFQMY@P%XI KE A,

XI KE- B and Xl KE-C was determined i'n crude cell extracts.of cells infected
‘with the S¥RE¥M3BH . of either virus' two days post infediGTF2RP{uots of
~the preparations were tested for their gbility to degrade poly(U; cells

infected with the wild S%pe strain NY 1C served as a p03|t|ve control,
and uni nfrags&iptios, aed ps rseeuw%@,edatmgé’t iend feppiesaid lingarzatian (figs 19

i-ncubat i ?ﬂefﬁlplﬁnﬁﬁ?b@{?@éy%e% 48R el ght RNA was preci pi tat ed, and

0D260. neasuremne he “supern tTeveal.ed the presence of. srrall
degraded RNA fragnents (Meyers et al. 1999) H gh. RNAse act|V|ty was

L
exper i, el ibidhpy 'ﬁrd“tréﬁ%r@itrgﬁ/ & mﬁBﬁ tPéHsléﬂé@fr@ﬁ'l bB8mid EKRN‘E?.@NH”%rch

 experinent was th conpare the, virulence and pat hogenicity o :
-reconbi nmnmmatesuslg codtbmeEuastreamveﬁjthe Nﬁ&&@mw@csglon§ma§l eneesﬁttvle the

“wild ot 31C. T | | d
e I PEoRtS el R paet emlsetOR ByIVSRERR SBhis (el d1dR0Y 38l @)
. #091) - orrnﬁ\ﬁ{&m&eé&émbstei%@ in#t@li2 trahbfekad wﬁﬁCF'{NAgfd?NIpMHEMB&Unbﬁna
separate isolation unit. Body tenperatures and clini CalgApér% were-

- recof dedtreacwrolbﬂ‘dsedwmeesraied dromytae infectiays donepp was1tgsmed f or

' Ieukocyt nts. a f I ,
LEORY R g ! B e e i BTN o6 YRS
0,07, 14pas'shge2®a§rusea5§or @Ilpfuﬂher Nxpefimenish STHeOVirys mes analysdd by REFRCRaken
on day 0, 2 to 16 and 2 Wc) 03/023041 29 V' uus Isgolation frombuffy -

. coat . prejRAUENFIRGs tafamenthe ousleqflds exchangeivony 64925 aypeadion Kot “F‘%Rr‘P‘?fcﬁﬁ
. nasal S%Q%dé&ﬁ?o#ﬁ%ﬁltszm #615 #377 #091 ‘

~ The. specific lnfectlvrty of the RNA derived from pKANE4DA was determlned ln

s comparrson to RNA prepared from cells infected with the wrld type virus NY'93/C. To -
thas end, the concentration of viral RNA'in samples used for transfectlon of MDBK cells

was measured in comparrson with defined amounts of the rn vitro transcrlbed RNA after '_

Northern blotting and hybridization, using a phosphormager. MDBK cells were |

- t‘_ra'nsfected with similar amounts of both RNAs, and plaques Were counted three days
- _:"o | posf transfection. On the average, the infeetivity of RNA derived from pKANE40A. was

- 4.32x10° pfulug, and the wild-type RNA yielded 4 x 10? pfuug. |

' The growth charactenstfcs of the recombmant vrrus were analysed through -a growth e

curve, usrng the englnel field lsolate VLS#399 asa control in'the same experrment (Fig. o

| : ;;‘.:.2) MDBK cells were infected with an m o i. of 0 1 ‘and samples were taken at seven-"
2.5-l trme points from 2 hours to 96 hours post lnfectlon The growth curve of the

recombinant XIKE-A is somewhat smoother than that of VLS#399, but both vrruses B

-reach a titre of 10%%° after 96 hours XIKE-A was therefore deemed surtable for further

~‘experiments.

2 ‘Construction and analysis of E™ mut_ants..' Previbus-‘experirnents_with CSFV (Meyers. o
et al. 1999) had shown that the RNAse activity of the glycoprotein E™ is destroyed by

, 'substftufiqn-_of histidine 297 or 346 (the'numb_e'rs represent the residue posrtions in ;

‘i ;Icsr:v‘.s.t_rain .'Alfortflfﬁbingeh) by Ieucine,or._lys.in',"rqrr‘by :deietion: of,'eogp'r‘.r_:_l“HMS”‘..-'I.‘.h__e IR




07 Table 1: Virus isolation from buf fy coat ‘preparations and nasal swabs
of sanimals infected with: New Yor k! 93/ C or XLKE-A. -+ vir u;ﬁ!;F@elae'ét)(éd, C-
virus detected, bac bacteria, *animal was euthanized on-day 13 p.i. Al

- ani mal s ||’W(bb7cﬂﬁ3@iloups devel oped fever (Fig. 5) and a br as:arfﬁspwmm of

clinical. signs including respiratory synptons and gastrointesti'nal
di sorders. Aninmal #091 was Kkilled on dag 13 p.1. for wel fare reasons.

Vi hiu ekoj a tematedr Iri BYDWNsial Ry®sic,
cal ves | mubsihvigiesparesviahied rpally : Vi rus was ge?%ct ed in ﬁ%dt%wo

Pt ol RS o lochind ol pplioda08 bon Heomspasibiens Kaips wheibonind,
- \
R A Stfodts nutchiBng| ot hedd RS oA Amich 1o sEYIRYE AV oz por
~product s 9eneHm Nﬂlﬂlr’qﬁ?@l@aseﬂbﬁm&memg{ne@w vﬁtgpﬁlltet’tla7 ggl%tl\fl)\g?ﬁlscgggré r"\l?gg@’gﬁ
iti.on
15 %o b ek )k B AEE o b et b

|
" respect wesd flambe SUKELE 713404 RIKESE _(Yl%bg ound in the serum of a
cal vgs starting on day ﬂ @ (Tabl e &j8 Febr uary.-2006. WO 03/ 023041

" PCT/ EP02Pathonwitanty \ﬂ(ﬁ?ﬁable iB BKO%IIS??BBHE]&I&@ fivBepesagds asUelernined b
| 64532340625612840-2110241290* 129051251

Do R SRS A R TR 1RSI A0250RE 00 the i esediog rpeion. Thera
were eugl‘rmwllln cheraeteristiys bBtHEMemAtariisey Wéré‘&:rﬁﬁzil Sﬁlth irdd &érn%ﬁ:‘lﬁé@ ned

‘in seru Ies of all 'calves after. experinent Ion Wt
- IYork““’Q%)1 XP?(ElfRGﬂCPQ@s‘FJP@%%PeéFp@é@sed as the reciprocal of the serum

Sl s sy Ay o R A 8 e I o Bl B Sl -
_ highly ssxhnabtsr ot oeltshmfected wittpthey same 6.3 Githrt Ulru§9ﬁ‘r5 Q!iaS(Q ot ll'hfectlcn N
| pat hoge%ﬂutot/s of Cthe preparatrons were tested for their ability to degrade poly(U); cells
| ' lnfected with the wild type strain NY’93IC served as a posﬂwe ccntrol and unmfected _.
B cells were used as a negatlve control. After 30 min of mcubatlon the residual high
_ molecular welght RNA was precipitated, and ODae0 measurement of the supematants
) revealed the presence of small degraded RNA fragments. (Meyers et al. 1999). High 7\
- RNAse activity was found in the NY'93/C and XIKE-A samples whereas the two
) mutants XIKE-B and XIKE-C were’ ln the same range as the negatlve control (Flg 4).
- 20 ' ‘ ' ‘
‘ -Ammal expertment with XIKE-A and NY’93.IC The purpose of the first ammal
o experlment was to compare the virulence and pathogenrcrty of the recombinant virus .
o 'XIKE-A denved from the mfectrous cDNA ctone wrth the wrld type strain NY’QSIC Two o
o o groups of three ammals (8 o9 months old) were each infected wnth 105TCID50 of elther
a s XIKE-A (anlma!s #615, #377, #091) or NY'93/C (ammals #275, #5612, #1610) Each
' group was housed in a separate isolation unit, Body temperatures and’ cllnrcal signs
| . were recorded daily; blood samples were taken on days 0, 2 tc 16 and 21 pl for -
‘Ieukocyte counts and detection of vrremla Sera from all calves were collected for
. detection of neutralizing antibodies agalnst NY'93/C on days 0 7, 14, 21 29 and 35
. p i.. Nasal swabs for vrrus lsolatlcn were taken on day 0, 2 to 16 and 21 P




- 12,

g nductl on of an i mune response in the natural host. It is theref ore

plaus.bile to assume that any deviation fromthis cli ni 18 EPorrO0R

e that

mght be observed In a virus nutant . ‘generated on. the basis of the
~infecti ousw@RFS04IKANEAOA woul d i ndeed be caused' by the MIEPPIRUL at i on.

15 Ani nmal experinent with XIKE-B and M KE A In t-he second ani mal

experinment, the clinical .and .immunol og'49cal charact-eristics of the RNAse.

negative mut ant X KE— B were anal ysed in corrparl son with Xl KEA ~The_

H. 349A. prt-ami—y c ceeden o
danger- fVma'sgréwémbeffvmei\me to Wil dtypéfmswngqﬂueﬁﬂswaw three. ¢

to. 10. feeks old) ch u e t d 5TC D
XIKE A [ & |Fra|”!:~~?gi ;ﬁ@ %8#61%&4% if)"gr?’t'tx B%‘?r u’gaﬁam rra?&p %
#419) . [THE gr dups ‘Were"houséd iN separal &€ i solation uflits. Rect al
. tenperafures and clini cal syrrptoms ver e| moni tor ed- dai Ly; pasal s
" bl ood .érrpl estwere taken ort daZs -8,' 0] 2 to: 147 17—and-21. -Ser

~Were co Isect ed;"20 23 ol days 0, .8, 12 114.- 21,7 28 and 3814Q0. Nine t

of either
, #4117,

days posts i nfestion, the' calves inkectied wi th Xl KE- A-devel oped fever: for

up to B! daysiy int addt ti off anfimal f1#38i7 ~had fever onZday~3.pIl. (

Firg. _7)

. that' s; accorrparu ed By diarrhea and flespiratory. synmpt omss Cakf #388

. in’A state of nefked>18 Febrjudy: 2006 WO 03/ 023041 "

PCTI EPO/1®9925- 3% depressien and anmorexka. MNone-of the cal ves i nf

with X K%‘B ITad" €l evated body -7 -tenperatur.es (Flg ‘7) ~only.mild
respiratasy. sSynptons were .observed- forlup ta 6 days.= Leucopenia

. in all @Al mal s; however, the decredse. dof -l eucocyte nu-rrbers was ny

_ ‘pronouniced i n7t hescal ves .i nd ected wi th jwil d ttype oXI K2'A t han &n th

‘shovved %f\vui sions: - The group was eut hpfczed f or- wel f-ar eb=r egsong on day

ect ed

vvas found

re :
e,XI KE-8 .
| ~ani mal s

group sl @Fig. 8): 5\/ irus was f oGAd inb ffy coat preparatﬂ&ns of al

“startingo '-V - oWeveT " e

| 'éﬁeé‘d?ﬁ{%ﬂ" i wgb%%scgsrégpﬁ ok 4 i (‘%ﬁ'”és of Gulal 3y 33*9
anl mal s,, 14 7)) W trf'f"% é’nP
Vi rud Y“ﬁ?fg [F'? ﬁﬂ Ebat prepar ations Days ,

p 1 #416#417#419#387#388#418 8

B I’TUt ant

if lKEA
E’Tabl e

-All animals in both groups developed fever (Flg 5) and a broad spectrum of c!:mcalj _

| srgns including respiratory symptoms and gastromtestrnal disorders. Animal #091 was | |

o kllled on day 13 p.i. for welfare reasons All calves in both groups showed leukopenia

"~ 1w starting on day 3 p.i. and persustlng for up to day 15 p.i. (Fig. 6). Virus.was detected in

buffy coat preparattons from animals rnfected with NY’93/C for 5 days an_d with XIKE—A .

for 7 days. Nasal sheddmg was found for1or 2 days (Table ‘l)

S The ldentlty of the viruses was checked by nuc!ectrde sequenclng cf RT—PCR products-_..‘.‘_;r

N . :from RNA prepared from buffy coat preparatlcns from all animals; The entlre E™ codlng '

s regrcn (positions 1140 to 1780) was sequenced an_d found to be identical wlth the«

‘known sequences of NY'93/C or XIKE-A, respectively. Neutralizing antibodies were

found in the serum of all calves starting on day 14 _p.i.r('l"'.able 2). .




SR o ISR, R B - B e s e e o B Y o < B ,
Q- - - - +++-++ 10--++4. . + 11---++++ 12 13--- 14- 17 21ti pBebsand80008. +. +. + -
frrr2 4,7 8.Tab|e3 Vi rus |solat|onfrombufy coat. preparations :
"~ and- nasal veoedze3mi ani mal s infected with the 'S, reconbi memEPeiesnss X KE- A
(ani mal.s #387, #388 and #418) or the E'nutant XIKE-B (anihals #415, #4.17
and #419) . +virus. detected, -no virus dggected, *animals were eutlianized
on day 12 p.. Again, nucleotide sequencing of RT-PCR products enconpassi ng .
the entire EF15 codi ﬂgysp,e,gr ogisas. gFed fogq Vi pps |@Qt|f|3¢@t|on in buffy
coat preparations. As eqled ol SOl €3 rrO@ ami r@u STHIST, #388 and
#418 were wld type. A el dtiop,of t H3é§9 . ¢odon gnflrmedfor
ani mal s #415, #417 and #4149. IQ erea?ngl y %dl t |<§ﬁal p%l nt nutation:
was found in RT-PCR prdductls fr of tﬁese i mal¢ (#4395 and #419):
nucl eotide position 1 g vias fr&ﬁ’ﬁgua?ﬁ@t t 32Bhyni4P resulting in
the amino acid substi®dtidn 1@87 129@ ut r al*i z128P ant&iBodi e8t were first
~detected on day 12 p.i29in |t RE8Wi r4698 sol ati orB13 012588s aR580vabs #415 #417
#419 #387 #388 #418 35 3251 3251 * 8192 2580 . 5161 o

_* animal were euthamzed on day 13

SR “Table 2: Neutralizing antibody titres determmed in serum samptes of all calves after
.. s experimental infection with New York ‘93/C or XIKE-A.. Resullts are expressed as the
- . Eeglzpro%Igf t)he serum BVDV-spectt' c neutralrzmg antibody titers agamst New York ‘93!0

e The.results o thisst'udy demoristrated that the recombinant virus XIKE-A is highly -
'y szmliar to the wild type varus NY'93/C with regard-to both pathogemcxty and an the

i mductlon of an |mmune response in the natural host. It is therefore plausblte to assume -

'that any dewatlon from this clinical picture that might be observed |n a virus mutant

generated on the baS|s of the infectious clone pKANE4OA would mdeed be caused by.

. the deslred mutatlon |
B . |
~+ Animal e}tperiment with XIKE-B and-XIKE-LA In the second animal exp'eriment the

" clinical and :mmunologlcal characteristics of the RNAse negative mutant XIKE-B were .

L analysed in compartson wrth XIKE-A. The H349A mutant was grven precedence over . .

i “the H300L mutant to miifnize the danger of a genomic. reverston to wildtype. T
a0 Two groups of three, oalves (7 to 10, weeks old) each were inoculated with a dose of
S 5x105TClD50 of elther XIKE-A (ammats #387 #388, #418) or XIKE-B virus (ammals_
5#415 #417, #4'19) The groups were housed in separate isolation units. Rectal
temperatures and clinical symptoms were monitored daliy, nasal swabs and blood

B _samples were taken on days -8, 0,2 to 14, 17 and 21 Serum sampfes were collected’ -

. ondays0,8,12/14, 21, 28 and 38/40. | g
o ‘Nine to ten days post mfectton the calves infected with XtKE—A developed fever for up .

' : to 3 days in. addition animal #387 had fever on day 3 pl (F:g 7) that was .

'accompanled by diarrhea and resplratory symptoms Caif #388 showed convuls:ons B




WD 03/023041 .32 serumof the calves 'infected. with XIKE -A and on. day

14 *p.i. in the. serumof calves infected with the E" @Sﬁﬁﬁ"&mzo?érabl ed4). -
days p.i. 0 8 12114 21 28 38/40 387 388 418 415 417 419 <2 <2 . <2 <2
<2 <2 <2 WRO0B2MM <2 <2 20 8 128 ..51 203 64 512. 1024 .HOGEPIZARRS 4:
Neutralizing antibody titres determ ned in.serumsanples of all. calves

after experinental. infection with XIKE3A (wild type sequence) or Xi. KE—B
(H3467) . dBpmaskion arat enevepiee Noeee efsthehmlvaclqﬁeciedlwﬂhfxmlemdmteBm\d body .

P TR 8, 1M e o B P Sl 5 R B0
Exper i mepgato ﬁrﬁs?&ﬁtd’@t é]f&lﬁiﬁt@é HWJ\/@F %hégé%réﬁb%tlﬁibdccﬂérﬂ@n@@\@as

negative her The fol |l ow ng . Inocul ati'on Virus. Goup 1: '5 . n.
admi ni st more amnomnxzedm ﬂtemalves indediodh vithrwild type HIKE-A tham indbenXiKEtS growm
NY- - 93 3991 &n each nostril ~ Heifers were noved to the experimental
facilfti&d9g )days before inocul ations. Pregnancy status was confirned
~af ter trynasWds tbinm@ir hefesd preparbabnd ofall abimalseiatiribon ey & Pietaesvediays

© 60 -and 90 of gestation on. the day of. i.nocul ati on. I'nocul'ation t ook - pl ace -
for all wMinemig waatshoner i the & tmutentm(@m Zagsk thegufor the virus with wild type

sequence (@8 days) Nasal shedding of virus could be observed for up to 8 days (@
4 7} with XIKE—A anlmals “but for a maximum of 1 day (@ 0 7) with XIKE-B ammals
- '_;Jz-- (Tab!e 3) ' - SR o

S Vlnts Isotation from buffy coat preparations - - - \Vius isolation from nasal swabs
© . Dayspl. #4155  #417 #419 #aa7 #4415  #MT HM9  #387
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S "Tab!e 3 Virus zsolat:on from buffy coat preparatwns and nasal swabs of ammals mfected w:th the .
"1 recombinant virus XIKE-A (animals #387, #388 and #418) or the E™ mutant XIKE-B (animals #415 #417 -
. ;and #41 9) +virus detected, -no virus detected *ammals were euthantzed on day 12 p.i.. .

'_ Again nucleotide sequencing of 'RT-PCR prod'ucts ehcompassing the entire had cddirtg |

‘region was used for virus identification in buffy coat preparatlons As expected Isolates ,

2~ from animals #387, #388 and #418 were wild: type A deletlon of the "H349” codon was S
cont“ rmed for animals #415, #417 and #419. lnterestlngly, an addlttonal pomt mutation
. was found in RT-PCR products from two of these animals (#415 and #41 9) nucleotlde

- posztlon 1 246 was changed from guanin to thymin, resulting in ‘the amino acid

: _rsu.'bstitutioh Q287H. Neutralizing antibodies'were_ first detected on day 12 pil. |n the B




'.TC[D/m of the respectlve virus applled in 6m tissue culture supernatant
Heifers were nonitored for the presence of clinical si gﬁ%F‘?S’f“aB\? infection:
“including 25°- abortions during the observation period: The experl ment was -
" term nat eww®es/oemits after WO 03/ 023041 PCT/ EP02109925 331>Clrml>em9|9m
Non- aborted cows were slaughtered, the uterus exanined and coll ected.

Foet al - organ sanpl es were col | ected durgng routine necropsy and exam ned.

_for BVDVserunf ef thed BalvEbanfetRIPRRE JIKELAL 8hd iohf @5} 18" 1Vas thd Sefllh Bf calves
eval uati on par aneter, conposed from-the nunber. ‘of BVDV rel ated cow ‘

mort al i t feqted withiibe E™ srutavrilablei 4k ed aborti ons and nunber of BVD positive
fetuses at termnation. Goup 1 Anl mal No. Concl usion 526 BVD abortion 598
-SVD abortion 615 BV]. itIO BV Qrti 4 _ ei f g/« Di'ed due to BVD
Grout Animal No. Co D E3—B\WE—-abe 5- 82t he ¥4 due to BVD 233
Foetus BVD positiv (vi mc Hei iéd d YD 25% BVD. abor Hon
267 Heifer.ded. due tod3Bw | 3'6% B‘ﬂD ab62t|or1<35xarrﬁ2e 3:<4el etion of the
~Rnase_function in the‘lﬂ(l{kN‘;) pZQ)tel n8XI KE28 (HBM9A) 208 i nvesstigated to
prevent fetal infectioRfafter ‘ah heter ol ogdus Stgpe1024haldaenge. Between day .
60 and 90 is. the nost 2@nsiltive*period for*fexps arpsHswdss o BVDV.

- Therefore ;in, this trighoh¢ifers deriwed flkorm@VD)(gggee?(jg@rm (and :
confirmed. .seronegative The study ained to assess the ef |cacy "of BVDV

© - isolat es agai nst foetal infection.

s *animals were euthanized on day 12

o Table 4; Neutralszmg anﬂbody titres determmed in serum sarnples of aI! calves aﬁer ‘
expenmental infection with XIKE-A ( wild type sequencé) or XIKE-B. (H3467). Results -
. . -areexpressed as the reciprocal of the serum BVDV-specaf ic neutrallzmg antlbody t{ters
o agalnst New York '93/C (10 B 7TCID ) L

. -Examp[e 2
: Expenmental deszgn : :
Twelve pregnant heifers were selected from a BVDV negatlve herd. The followmg-' .
5 group of 5/ 7 helfers were included in the trlal

" No. InocuIat:oh e ' Virus
Group1: 5 ~ One i. n. admimstratlon, XIKE-A _
S ‘ 3 mlin each nostnt :

_::'Gtoulg-};?::j G -'One A admmzstratlon NY93
. S -Smllneachnostn! .

Heifers were moved to the experimental facilities 8 days before ihocu!at'iens.
_ Pregnaney status was_ cohﬁrrned .afte,r transport into'.the experimental facil_ity.. Heifers
% were between days 60 and 90 of gestaiieh oh't'he day of inocu:!aﬁoﬁ" inoculation took -
place for all animals at one point of time w:th 2.5 x 104 TCIDsoImI of the respectlve \nrus
‘ applled in 6rnl tissue culture supernatant '

| . Hexfers were monltored for the presence of cl;mcal signs. of BVDV mfection mcludmg o
e me abortlons dunng the observation penod The expenment was termmated 9 weeks after' -




- .10 Efficacy of the NY93 infectious copy derivative BVDV reconbi nant (type
-11) with - a WD 03/023041 PCT/ EP02109925 34 for. BVDV). H&F@nteeféﬁoﬁ mrunr zed

by a singl e exposure with' XI'KE B (Im) Thereafter  heifers were-

" i nsemni nat ewoasoksbat ween day BO-90 'ani nmals, when ani nal s mOTEP2pP2sed to

- be highly sensitive to BVDV fetal infection, a challenge infection with a
wildtype field virus was perforned. TBg intranasal route for challenge

vas_chosdnfeation\Nensabioried &6s wersOsigEdhterd, thefutbfilseekargihetinaid Golibaed,

best . ers, were-selected from' a ative hei ers were -
t est ed é?eé?‘dzﬂgearsram%ﬁjwer& eolisgtecheuyng ey dine\necrepsyBvRiVexahineti dot BUDIVY

groups ofjn @hs were Experinental .design: ra included in the trial:
G oupTr eat nent al I engeNo., of heifers; BVDwacci n,at ed' Chal | enged
1None' Type INA' .2 2lsolate XIKE-B . Type s .- '10 ' ,4 Goup | rennined

he h | chal | | ood I ,
O el Ao Rt b e e bee s e
st Do vipter GFEVIN:olatbd RE BIGHEN] e FibEEb! BODVAIIALY BERIEE ol B 1

| was transported to t'he experinenta ore ch

wer e. chalmd?eg@ﬂBﬂDmmﬂn@faMeS(attetayBatﬂjter vacci nation. At the- day -of =
i nocul ati on, :pregnancy status.was between - day, 60..and 90 of pregnancy

‘The preventlon of -foetal infection was the main eval uati on paranmeter. WO
.03/ 023041 35 1s Sequence of .events and.tinme schedul e | muni sat i onl0 days
aftermtr (t to 'the.animal facility Insemnationln a periood of 30 days,
~started. approxr ‘mat el y. -4 -weeks. af ter | muni sation Second transport to the ...
chal l.enge f-aci’l i tyAt -1 east 10 days before chal I‘'enge” :Chal | engeBet vveen day
60 to- 90 of, pregnancy Ooservatr ons. Contr nuous for. about 2 mont hs ‘ .

Groug 1

' Ammal_ No. Conclusion

526 . . BVD abortion

598  BVDabortion
615 " BVD abortion -

618 . BVD abortion o
626 Heifer Died dueto BVD
Group 2

Animal No.r Conclusion

184 - HeiferDieddueto BVD. . ‘
203 BVD abortion B -
232 ~ Heifer Died due to BVD
233 - Foetus BVD positiv (\nremlc) '
. 252 . . -BVD abartion . ... - : Beraelu e T TR
. ..267 . Heiferdied due to; BVD T S IR TR SRR
306 -BVDabortion = L R
- Example 3:

| -,'The study armed to assess the efficacy of BvDV rsolates agarnst foetal mfectron
N Efficacy of the NY93 mfectrous copy derrvatrve BVDV recombrnant (type I with a
o deletron of the Rnase functron in the E(RNS) protern XIKE-B (H349A) |s mvestrgated to

| -_prevent fetal infection after an heterologous type | challenge : '
| Between day 60 and 90 is the most sensitive penod for fetal exposure to BVDV
S _~.Therefore in thls trral herfers denved frorn BVDV-free farm (and cont" rmed seronegatwe




- Sl aughter - .of ani mals and harvest of About2 nonths ‘post - challe e’

f oet uses for virus isolation testing of’ fetal organ sé?rﬁ? ey

chal | enge viruses The virus is grown in BVDV free nedi um as approprl ate,
~al i quot ed wOneB/R3dLren at -70 C [10 * O . T e/ desi nationPCTHEpad2sn KE#I
Passage | evel : 4 Conposition:lsolate obtai ned from German field Chall enge
dose: 70 fper ani mal Applied vol une: B ml 34per ani mal -(3m per nostril) ,
- I'nocul at pblB\dDiL)tIE\Aenbeemasmummdcbytatsnmgte ekpesirecwith AKENB (Lmgd Therdsfier

d bed h | S _B, | .
T rus DUl AT EBEnATEE Ao Bt oS R BOfRLaniTas o el SURpOSRE i ne
vol une: ZoMe mgtﬁly%éhgﬁye APBUDNAIAInfeRiisS &ﬁél@%%éﬁ%@cr&%@%&%e 304.1

3:6 Results: Rectal. [Ir%er atures 18 February
t enper at\iius wag n@f@rmde elintranasal reutelfor challeoge wasselsseanas iis mimissdhe

fluct “atrlo?r?tgxl WehE fﬂ%&igﬁ lg%{%ca&?l%iervat ion period. Heifer N 1249 (Group

1) ha id a enper at ure '4 DPlI (=days post infection) that

returned to normal value on the next day. 0 .DPl values were considered as.
i'ndi'vi dual baseline for corrparl son. ‘No lower linit of Ieukocyte counts was
def i ned Experimentst design: ot ocol’. However, a reduction of Teukocyte ~counts "

by 40% I 60%.0f t he basel | I o

_ (gs t ab(IJ Il-PeﬂfegPoﬁere ‘selectd§” 6 r£350bY9 negat :\9e herd. “The . hg$er\sawle$e tested

BEE serologically and vrrologrcally negattve fGI' BVDV: The followmg groups of heifers were
e lncluded in the tnai ) ' '

. Group Treatment - Challenge = | No. of heifers: .

1 — o : 1BVDV .~ Vaccinated Cha!lenged
'_ 1 None _ - Type'l . ~INA - {2

1% -IsotateXlKE-B  JTypel - l0 4

| Group 1 remained untreated in the herd cf origin untit challenge. Blocd santples were -
1 - collected pdst~vaccination for buffy. coat preparation and serology
A ] Insemmatlons _started 4 weeks after immunisation for all groups Group 1 was
o transported to the experrmenta! facmty before chatlenge
v ._',--Helfers were: challenged 4 months and 10- days aﬂer vaccmatlon At the day of
. .‘_:‘rnoculatlon pregnancy status was between day 60 and 90 of pregnancy
o T : T

The prevention _cf foetal infectiOn'Was the main eyaluati_on parameter. '




~.the. day . of challenge) or | ower, was consi dered bi ol ogi cal | 5|gn|f|cant
I'ndi vidual nean | eukocyte count s are shown in Tabl-e 1 be‘lgcﬁé‘?mmyzﬁ%l e 1.
- Individual mean |l eukocyte counts 30. Group 1 1D No.Days post infection
- (DPI) 0*24We83/0260414161202224262830 . 1249' 11,21. 2,312, 81 PCTIEP02/09925
.{3104t1121221201810475- .
112610, 06, 7. 13, 214, 211, 012, 611,4. 9, 911, 12,48, 3 -
120013, 213, 115, 214, 817, 313, 716, 512, 810, 611, 513, 313, 213, 811, 210, 1, 11,8
12179, 485@gpenqesteyeuts an@txmmsqmd:ﬂezlz 710, 811, 810, 312, 28,0 :
.119711, 311, 112, 511, 88, 411, 79, 08, 58, 89, 512, 212,19, 19, a8, 5. ’
12148, 9.9, 49, 210, 212, 87, 510 67,7' 7,611, 110,7.10x9..8,89,17,8.10;2 *0 day

sanpl es €ct éd on thé day be T, .00 .~ Sell ukocyte -
counts Sm?a‘rﬁoh in al I groups. W‘fa iedaggt%&het%}'gl?éﬂ ﬁﬁ %Qogﬁmf? (infected
with Ty | L gnifl ' tion in
| eukocy MSemmatmrs _(val ues' highlightgd vat lpegockyofoBourdaysf t #artedje -
- chal | enge (nmaxi mum drop noted 4 - 8|dpproximately cordr espmmhsng \aftedi nat ed
heifers}(Goup 2) had no renmarkabl e flanisisation | eukocyt es ~The onljy "

excepti 9) N T Gcant CreaSe W 03/ 023041“

.37 . p @@%ﬁéq%to&ﬁe #ﬁ%‘éq i ﬂ} q%ist i@ugsysh%%c{?re enlggukm‘\/'r e count
-r_eturne Challenbat -was consj dered nor rméwéémda;yaﬂmmoﬁkﬁp%gﬂﬂm:ﬁtlor from

"~ ..basel i ng ViTOS. SOt atl on data Vel edforvirys isofation
i nve-sti_gépf‘er%aqmﬂf‘p detailed in preyi f&,"ta@gtlﬁlf"é%b°“£ "‘g"sl sol atiqn data

- from buf $hugret of (aemals ad aarvesty opmutnmmsms(aﬁﬂéagem th vadeine . ...
-candi daj feefubsfor Brus |s%®¢rpklstlmg offatafl 6 8 10 1214 - _ L

organ samples L

", BVDV challenge viruses

| The virus'is grown in BVDV free medium as appropnate alxquoted and frozen at -—70

°C [i10 C]
Type/ designaﬁon:': Type |/ necp KE#Q
- | Passage level: 4
| Composition: - Isolate obtained from German feld
Chailenge dose: 10° per animal -
Applied volume: {6 ml per animal (3m|_ger nostnl)
| Inoculation route: lntranasal
Vaccinations

— The vaccination schedule is described in the Experiln_ental Design Section,

Description: —[XIKE-B, live virus BVDV strain
| Passage number. 110 .
Virus dose; =~ 0° per animal .

. |Applied vaccine volume: .| 2 ml per animal
" | Application route: Intramuscular (i. m.) .

R




.al | DDPI, DPI DPI DPI DPI DPI DP DPl- 11126+ .+ ..|+4- 11248---++ 21197----- 21200
21214- - 1----- 1 21217 - - 1- 19 13 GroupAni m 16 18 J@Felpexy#096 28 30 -

- al -1'bDPI DPI DPI' DPI.DPI DPI DPI DPl- 11126+- 11249 21197----- 21200-- 21214--- :
21217 Vir g0 pyegsedti on from fetal organs: G oup Ani mal | DpCirIEX®2/09924 249 1197

1200 1214 2 1217_
36
Results:

Rectal temperatures

s The temperature values were below 39°C in all but one cases,‘ and no unusual
. fluctuations were seen during the observation period. 'Heifer N° 1 249 (Group 1) had a
'temperature of 39.1°C" on 14 DPI (—days post mfectlon) that returned fo normal value -

on the next day
s LeukOcyte;.Counts_

E O DPI values were consndered as individual baseline for companscn No lower limit of _
leukocyte counts was defined in ‘the study protocol However, a reduct:on of leukocyte :
counts by 40% or more, i.e., values reachmg 60% of the baseline value (establlshed on .

s the day of challenge) or lower, was consndered blologtcally s:gn:f’ cant.
Individual mean leukocyte counts are shown in Table 1 below.

. Table 1. Individual mean leukocyte counts
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IDNo. | R Days post infection (DPI) ‘
M2 | 14|16 18|20 | 22|24 ][%]28]80] .
B[11,3[104[ 56 | 86 [11.2]12.2[ 120 11,8 104[ 7,6 | . .. .~ o

42| 10[11,7] 80|126]11,4[ 98 [11,8]124[ 83} - -

1200 |13,2]13,1] 15,2 | 14,8 | 17,3] 13,7 | 16,5] 12,8] 10,6 | 11,6 13.3|13,2] 13,8[ 11.2| 10,1 [ 11,8
1217 | 6,4 | 8,0 | 8.4 |14,3|10,4|11,1|16,0|10,4] 8.1 | 8.2 |12,7[10,8] 14,8]10,3| 12:2] 8,0
1967 |41,3|19,1| 12,6 | 11.8| 8,4 | 11,7 8865 |122]12,1] 6,1 6,8 85
{214 [ 89 64 | 82 | 16,2|12.8| 7.5 T1,1[10,7|108] 6,8 | 8.1 | 7.8 {102

*O 'day samples were collectec on the day before mfectlon R a

ST Baselme Ieukoc‘yte counts were sum|lar in all groups While both neifers in Group 1 |
(mfected with' Type I stram) experienced a biologically. S|gn|t" cant reduchon in leukocyte _
- counts (values highlighted with grey colour) after the challenge (maxnmum drop noted 4
-8 DPl) the correspondlng vaccinated heifers (Group 2) had no remarkable falls in
B leukocytes 'Fne only except:on was helfer N° 1197 who showed a signifi cant decrease
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“hy Which'are when. BVDV naive calves aged from 3to 6 rﬁonth's are ‘infected at ,_'
a dose of 6x10°TCIDs, with such pariicles, lethal for at least 30 % of such
o calves within a period of 21 days after infection; and/or
Cw D wrth a vrrulence of not less than 90 % of BVDV partlcles compnsrng an RNA' *
- with a sequence complementary to SEQ ID NO. 1; andlor . _
' ' j) comprlsmg a sequence complementary to SEQ !D NO 1 o




14, IVlethod for the productlon of an infectious BVDV clone: froma WI d- type
BVDV,  Z5 30 at these..e.levated tenperatures; |ncorp6§5?bf“ﬁ’@2?%e _
conpl enent ary DNA (cDNA) into a plasm d vector or. into a. DNA virus

" capabl e of W@itd#8¥04lng. the.transcription of BVDV cDNA int d’(llllm’ozﬂ;@zilpon
~infection of suitable cells. 15. Method for the production of an infectious
BVDV clone froma wld-type BVDV |sol aye, said infectious BVDV.clone bei ng -

- conpl enerd.ary | ess. t.han, 90
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DNA after reverse transcription of t he
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RNA, . aut hentical virulence as conpare o~ sal

N conprissi ng t hesls empsell lfwsavith smleNAlaheldlne ouleedﬂlsﬂ‘éftlle)reeuhmgrﬁybv

conpl enentary t av i solating viral particles froman
infected ani rrﬁ?’%c%s &l&é@%ﬁﬁg theﬂ%'re"than twice on suitable cell culture
cells; | PGB g cldne. viral particles; s) generating

- full -I en%t h conpl enent ary. after reverse transcription of the RNA

wher ei n ©he r festioustBDN type clone| capaiie of servingrasia tevhplate fed trahsorjpdioat ur es
. fficient to, " reduce tur of the the e
S5 Shermosy ot BRI TR B el SleES e s brions 88, 1 ¢

031023041 -. 46inddss el gaTiertish EVENCELASBVDV EMEMes! r ai n obt ai nabl e by
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at t enuat ed -BVEV i ¢apabilitataingdbee vilrergia anctlenkopesa in opvesfarla eriod
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' group comprising diarrhea and/or pyrexra lasting at Ieast one day when :
L * infected with a dose of 6x10°TCIDs;; andlor - |
S l) wrth authentlcal virulence as compared toa wrld-type BVDV isolate from'
| - whlch such DNA molecule has been derived; andfor o
' m) which are when BVDV naive calves aged from 310 6 months are infected at
“adose of 6x1 OGTCIDSO wrth such particles, lethal for at least 30 % of such
‘ calves within a period of 21 days after infection; and/or
= n) withavirulence of not less than 90 % of BVDV particles compnsmg an RNA
R with a sequence complementary to SEQ ID NO. %; andior ' |
R X compnstng a sequence complementary to SEQ ID. NO 1
. 7. ‘- Infectrous BVDV type 2 clone accordrng to clalrn 5 or 6, as charactenzed by the -
_ . DNA sequence of SEQ lD NO. 1 orafragment functlonal varlant vanant based_
» - onthe degeneratlve nucleic acid code, fusion molecule ora chemrcal derivative
_ thereof, :
8. : BVDV type 2 partlcle generated by in wtro transcnptlon of the BVDV clone _ ,
' .'accordmg to any one of claims 5 to 7 info RNA, the transfectlon of surtable cells -
or cell lines w:th said RNA and the collection of the resultmg BVDV parttcles |
) » | produced by sald cells. 7 ‘ ‘
-9, ‘_ - DNA molecule contalntng a nucleotide sequence complementary to a full- length '
- “'BVDV type 2RNA. o




-'Lnanufacture of a vaccine for the prophyIaX|s and treatnent.of. BVDV
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1 3 ‘RNA molecule obta;nable by transcription of the DNA molecule of claim ‘l or |
| - claim 3 or any one of clalms 9to ‘l'l or the BVDV clone of claim 2 or claim 4 or
fie ) ;"dmm5h37 _ R e S
S 14, Method for the prcductlon of an mfectrous BVDV clone from a wrld-type BVDV
o _ Isolate, satd infectious BVDV clone belng complementary toa RNA having -
_ authentlcal virulence as compared to said wild-type |so!ate compnsmg the steps
o ef . |
T p) 1solat!ng vrral particles from an tnfected antmal _
| q) passagmg not more than twrce on suitable cell culture cells
) prepanng RNA from the viral particles;
- s) generating full-length complementary DNA after reverse transcription of the
. . RNA; whereln the reverse transcrrptlon includes a step at elevated .
‘. .'m._ o temperatures sufficient to break or reduce secondary structures of the RNA
o | and the use of a thermostable: enzyme for this step, sald enzyme bemg actrve .
oot these elevated temperatures; - T A B
Y zncorporatrng the complementary DNA (cDNA) mto a plasmld vector or mto a =
{ _' B DNA virus. capable of d:rectmg the transcrlptlon of BVDV cDNA anto RNA “
' s upon lnfectlon of suitable calls. -
15,  Method for the productron ‘of an infectlous BVDV clone from a w1|d-type BVDV
| isolate, said infectious BVDV clone bemg complementary to.a: RNA havmg a ,
virulerice of not less than 9 % of sa:d wrtd—type lsolate compnsrng the steps of o
u) |solatmg viral particles from an infected animal; '
-‘3a - V) preparing RNA from the viral particles; A
o w) generatmg ful!—length complementary DNA after reverse transcrrptzon of the
RNA ‘wherein the reverse transcnptron lnctudes a step at elevated '
temperatures suffi clent to. break or reduce secondary structures of the RNA '




.taatgtgtat ggaccggtga gtggcatcta tatcaaacca ggaccgatct-actaccagga 660 1 18
February 2006-io . 18. Method of BVDV attenuation, or cd&pf %806;- S
- —introducing one ar- nore nutadtions WO 03/023041 - PCT/EP02/09925 45 and the:
“use of a MWeoeseabl e enzyme for this step, said enzyne [REIVEPO2092Ye at
these-el evated tenperatures; x) incorporating the conplenentary DNA. - ( cDNA)
into a plasmd or into a DNA virus capfpl e of direeting the transcription .
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17. The net hazheodf claimsdts 22vherein RACE is carried.out with a thernostable
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any one of claims 9 to 11, or ‘int6 claim4 or claim5 to'7: .z) -introducing

- the nutated DNA into susceptible host cells wherein-said DNA is 20 aa) -

col l ecting viral particles produced by these cells;, wherein said nutation
..or nmutations results in-attenuation. 25 transcribed into. RNA or introducing
‘an RNA transcribed from said DNA into said. cells; and 0.- Method of-

- claims 18 or 19, - wherein the -nutation or mutations i.s a substitution,

o del eti on,. i-nsertion, .addition, or conbination thereof-. 21. *.Mthod of :'a'n"y -

 one of clains 18 to 20, wherein the nutation or nutations is in the -

. ~glycoprotein E'"' S dnd causes .inpaired or loss of functi-on of the, nutated
protein(s). - o R I > AR utated




.22.. Method of claim21, wherein. the mut at i on con5|sts q; Q%% deletlon
of aII or part of. the glycoprotein -E;- and/or. cc) del e % -i
“substitution of histidine at position 300 of SEQ ID NO. 1; .and/or" dd)

del eti on oWOMIIIOM ution of histidine at position 349 of BEUEPQONMES 1. WO
03/ 023041 18 February 2006. . PCT/ EP02/ 09925 Sequenzli stingl249. ST25.t xt"' -
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. Cagaaaagos t tHEasRIGEs AUNPGRE GRTACASARchaat vREGRUMI SR Jaaaaaagga
-aaggt aaggg gaaaaaat ac tcaagatggg ttatatcaca acaagaataa gccccctgaa
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gactagCaéa agtaggggac’tagcggtagc a ttggatggec gaacccctga '

gtgagttcg
180 . o .

_ gtacagggga gtcgtcaatg gttcgacact aggagtcteyg agatgccatg
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tatcaaacca

gggttgcaty ggtgaaageg

aatgaécttt tatacaaaac .

gacgtcaacg ggcgeccact
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ggaccgatet actaccagga
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gaacatcgtg acacaggcta gggacagacc t acaact ctg acaggttgca a aaaggcaa6 1620

gaatttctct ttcgcaggtg ttatactgga tgggccctgt' aactttaaag -t &t'é€ ?é’g .-1680. .
agatgtgctg_ttcaa agc acgattgcgg caacatgctg caagagaccg cgatacagct 1740

‘5equenzl i sSNMYP3HEL ST25. txt act cgat ggg gcaaccaaca ccat t gaBgHEBYM¥Sggt a
- gggacggcca agttgacaac 1800 ctggttaggg aagcaattag ggatccttgg taagaagttg

gagaacaaaa gcaaagcatg 1860 gtttggtgca @gtgcagcaa gtccat actg-

cggagt g. gag. aggw&%ﬁéﬁ&ﬂeﬁhestaﬁ%z ymE R 4583 Q{z? ﬁg%ﬁ@&“
t ccaagaaac actagaataa taggccccgg 19 -'-A gaaat t t gat' accaa gccg aagat ggaaa
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accagactgg tggcca cgac 2280 agtcttcgtc atagaggaag cagggcaagt
aat cadatt.g at gct'B%?&@ §'t" ag8lls.2340 cttaactagg atatggaatg ctgccactac

cacaget t tigy t t4RbGhAthbd 'R YARIALT Js “%%Pétg %6 @W%@%ﬁd&@ﬁgﬁs&%‘&%&ﬁé t
gctt ccaat a.tg&fdimt ct 2520 PCT/ EP02/ 49925 aaagacagga aaat ggggtt :
:-17; - The method of claim 16, wherein RACE is carried out with a thermostable -
- | polymerase allowmg reaction temperatures of at least 42°C. o
o n | 18. Method of BVDV attenuatton or compnsmg lntroducmg one or more mutations - :
" into the DNA molecule of clarm 1 or claim 3 or any one of claims 9 to 11, or into f
.  the tnfectlous BVDV clone of clalm 2 or claim 4 or clalm 5 to 7, wherein sard |
- mutation or mutations Iead toor mcrease an attenuated phenotype of the
- | recovered BVD virus. - ,
w19 _ Method of attenuatton of a BVDV stram compnsmg the steps of
o y) introducang one or more mutatlons lnto the DNA molecule of claim 1 or claim
" 3or any ane of claims 9 to 11 orinto the InfeCfIOUS BVDV clone of clalm 2or '\
claim 4 or claim 5 to 7, ‘
) , 'z) mtroducmg the mutated DNA into suscepﬂble host cells whereln said DNA is
- :to - transcribed into RNA or mtroducmg an RNA transonbed from said DNA into
- _' said cells; and - , '
 @a) couectlng vnral partloles produced by these cetls o
o ; whereln sald mutation or mutatlons results in attenuatlon , .
20 B Method of claims 18 or 19, wherein the mutatlon or mutatlons is a substitutton -
2 o deletron lnsertlon add:tlon or combination thereof
21.  Method of any one of claims 18 to 20 wherein the mutation or 'mutations is Virithe
_ ' gtyooprotem E"‘"’ and oauses rmpalred or loss of functlon of the mutated
- _' protem(s) ' ' S
" 22,  Method of claim 21 ‘wherein the mutatlon consists of
» bb) deletion of all o part of the glycoprotein E™; and/or
e '. ~cc) deletion or substitution of histidine at position 300 of SEQ ID NO. 1; and[or
L dd) deletlon or substltutlon of hlstldlne at posmon 349 of SEQ ID NO 1.
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