WO 03/023041 PCT/ EP02/09925 1 Infectious bovine viral diarrhea virus clone
Field of the invention s The invention belongs to the field of aninal

heal t h amafOiog/opsant i cul ar Bovine Viral Diarrhea Virus (BVPEI/EPIIeRfiventi on
provi des infectious BVDV clones and nethods to produce said BVDV cl ones.
The invention further relates to nethodd of attenuating said clones,

at t enuatfe BN heVEReAIFal AFafTiRea WM icloiig sai d at tenuated cl ones. o

Background of the invention Bovine Viral Diarrhea Virus (BVDV) is the
causati ve agent of BVD and nucosal disease in cattle (Baker, 1987; Moennig

and Pl age %T?ﬂ&‘r el et al., 1996). Fetal infection during pregnancy
can result 1n ﬁrﬁe%r%ggggbtlon of the fetus, abortions as 15 well as birth of

i mmunot ol erant cal ves which are persistently infected with BVDV.. These

cal ves "I%klrﬁfenhéﬁebé’lgh s't@V\’tH@ﬁ'ﬁchﬁ'o'f Zi{ighafHdRAdUNd hebérti%ﬂ%ra%vme Viral
conti nuously sheddi ng I gh anounts of virus. Next to acutely infected

cattle ﬂexsrbeaéﬁxms(BMlV)t A&enayenticopravides mfeatuouesB\@VMemgammam@ds to

t herefore ortance.in the dem ol o of t ease,

m or GBSO ER S T Be BYaT KB Fr i Bane st ot aienuating Seid
stillbird ?\% | ﬁ;{g?gé" ons,
and bi rt S faﬁéﬂbate'a gedr@ﬁbﬁse ca {:/%@éé Eeﬁlpggd al {j;agtlep g\%{le‘;d\?\c/ﬂg;ﬁéé[ he

pat hogene5| s it is hereby referred to the article of Mennig and Liess of
1995,, T'Wadrireunddf WNheedtiepps of BVDV (type 1 and 2) have been descri bed
(Becher et al. 1999) which display limted cross neutralizing antibody

reactions (Ridpath et al. 1994). 25 Present vaccines for the prevention
and tredlavimg \ffalBURVrhad abtusofBVBM)I ik ﬁweadsaivﬂmcagﬁn( @fr Byotaret nalcosal

1999). Vaccines a t he cal .BVDV e 1 o on|y.partj al
pr ot ect {iFEFolid Pg@@ éiﬁ‘ 5§E2nm%ﬁﬂﬂ“g/§6@| é‘ﬁ%r Phigugt &leal 08
that ar r t n |
1991 RfF p%lt |ﬁ¥e%t%ﬂ #dr:ﬁdjé?r{g:‘l%ﬁi.?w&Sa'ﬁpﬁré'g elﬁ}@lﬁe; 'ﬁ%/%f %'ﬁ?fﬁhé '?é’tb%t ESBrﬂ%ns as
ant i geniwelday birgi mf;nrrbmnmﬁeleraryuo&al%§®hmhobrbmmsxsﬂerﬁlynaﬁammmwnh PB\IBV IMisése
pronounce ein E2 e mgjor antig (Tijssen et al

1996) g{éSﬂa%lggr gﬁgg C\)’Elrﬁ\?f%aﬁ%a'aﬁg@ REEIOPYp Eters AeaRCdiniosyshedding
P57 OSERETR 8Pl Moo acll Lyalell sy AL BRckiciated sRls
expr esséor pits speshding andparet tienstorarcé pripsd impodandaire thed epldemiblegyvecipignes
disease. The major economical impact of BVD results from high abortion rates,
2 stillbirths, fetal.resorption, mummification, congenital malformations, and birth of weak
and undersized calves. For a detailed review of the pathogenesis it is hereby referred
to the article of Moennig and Liess of 1995.
Two major antigenic groups of BVDV (type 1 and 2) have been described (Becher et al.
1999) 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
s  and type 2 strains which 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 vaccines (inactivated whole virus) or subunit vaccines (conventionally purified or

heterologously expressed purified viral proteins) are most often inferior to live vaccines



WO 03/ 023041 PCT/ EP02/09925 2 in their efficacy to produce a full
protective i mune response even in the presence of adjuvants. Live BVDV
vacci nes,wealolzoegh attenuated, are nost often associ at ed WCTIEPSHO®LY

probl enms. As nmentioned above, they cross the placenta of pregnant: cows and
lead to 5 clinical manifestations in the fetus and/or the induction of

per si st pfrler éffitacy esl peddrsa flingréetketive lmMMeCréﬁﬁ@rﬁséJév@rﬁ)m tresl pressaviceesti ng
herds that contain pregnant cows. Pregnant cows have to be kept separate

from va@dﬂiﬁat‘l’@d cattle to protect fetuses and nust not be vaccinated

th I h f BVDV.

threat Lo BV, VA oI h Ry Bt B8 B e S e B e SR o
the attBFﬁ!ﬂéM@”Ab%néﬁNrfétﬁdbee cBy b pradbhiPbEpRRAFBAYCOFs dritelead to
mol ecular origin as well as the genetic stabl lity of the attenuation

r emab ns curmzalomnﬁealtahemenrsutm fetys tangl/onineuinddetian ofl peggistenty infectadi ca!aess e.
Li ve va hdeflndrmtatllgl ﬁrabash Jgtgﬁtt uatlonwo

over co v RIS B oFPRIIG Es)? 8ﬁ?'”8e &Y TEHT ERTeH COWS
vacci ”eP{e@'\éd{réoQ\%r hé%/%‘b@%&fsepéﬁatéaﬁcﬁn a/tatcelﬁaeéd aamarttba;srbw f&iu@8s idhd

t heir defi'hed nol ecul ar uni queness whi ch can be used as a distinctive | abel

for thematst m&:eedamatedlﬂﬁamseblaﬂ $turthgainste, irevértants gfeaitérviaied divef BYDM he
field. In the art, BVDV def i e enet|C|detl i ch cIoseI r senble
wi | d-1yPese a%ré%us eafhﬁ% e R anm e tisha dhrivied e S Jhtsds Wivam
the art

BVD\/%l Tﬂ?aér gﬁor e ec néicﬁg)? bg?%%&g)nﬁﬁggtﬁ %ldr%gtgg%g f%vgﬁﬁﬂé%lz@ﬁ gd S
provi deweliBxOthe lgenpm tsitatulltarofathB\ﬁEItemqqh-anemﬁlnsleﬂme@ngamétemersmﬂem frey .

WO 03/ 023041 ﬁl/EPOZ/ 09925, 3 , Figure Legends FIG 1. Construction of the
i nf ect | ¥lidIe éVBﬁés u"iﬂ"@dtﬁﬁlélre part scetches a BVDV genome (kB) and the

encoded hl, e
o BELYRESHEL SR INASRA a0 MRl PR A
engi neeldnswivhhtagesfcﬁcme @ueser@l‘géneraim ofeaittbrivated oaesingarA futéErcddyantegecolds
of the genom c cDNA sequences (underli nedg and the sequences added at the
5 and §eldeﬁagnuatmg mutations lies in their defined molecular uniqueness which can be
used as a distinctive label for the attenuated pestivirus to distinguish it from
pestiviruses from the field.
In the art, BVDV of defined genetic identity which closely resemble wild-type viruses
are hardly known, in particular not for type 2 BVDV. In the art, there was a long lasting
2  need for methods to generate such BVDV. Therefore, the technical problem underlying
this invention was to provide a BVDV, in particular a BVDV type 2, of defined genetic

identity.



for in vitro transcription. ,0 Fig. 22 Gowh curves of the reconbi nant
virus XIKE-A and the wild type BVDV isolate VLS#399. MDBK cells were

i nf ect ed wtob/oedeer vi ruses at an mo.i of 0.1 and harvest edCTHPOt/O®RY i Ng and
thawing at the indicated tine points. Titers were determ ned after

i nfection of new MDBK cells by immunoflsorescence staining 72h p.i. 1.5
Fig. 3:frigupwilbgewdses of the reconbinant virus XIKE-A and the Erns mutants
Xl KE- B 49A)" and XI KE-C (H300L). MDBK cells were infected with the

viruses at an mo.i of 0.1 and harvested by freezing and thawi ng at the

i ndi cat ei.t1.n€opstridtion df ther infesticus dBN@Y dioned Takt l@mpérn]ﬁmtsbétmh@fs asVvBK
cells by i munof| uorescence staining 72h Fi term nati on of

RNAse a@ename (kB amethee@mﬁﬂqéaﬁ@lywqtagegpbq k@dwe(é@nt @hpwethes@laﬂéq@l@ﬁes

il(la\*/(vE’;(gr{yﬁ%@’b@eT ﬁﬁﬁagwqﬁ@t&%ﬁ s of }WDBE%AQW%J f@% %}e&?%hset%th@?‘l "

respect engindéting @he iNMoae! dBNAhabneeaadniple IoWechEE dupistedhaseddsefaheve
cont rol n.i.). The enzymatic degradatl on of poly(U was determ ned by

nmeasur i 8gnerhie cditbGessiengss fundariised)and the $%ql@i§@3(ﬁdd§ﬂeaflthﬁlﬁAaﬂﬁa?g mﬁiSS
into th tant. .Fig. 5. Body tenperatures of aninmals infected with
New Yor r?@)g? t?%’h‘?%t'oﬂzw #612° and #1610, broken lines) or Xl KE-A
(ani mal #615, #377 and #091, solid lines). 30 Fi g. 6: Wiite blood cell
(WBC) counts of animals infected with New York "93/C (animals #275, #612
and #16R@. 2hGokwth curves) ofdhe Xeremiin@ntivinals sSKIKELA  angBthe witd tyroB VDb sothte

| i nes) PCT/ EPQ2 2 Bod tures .of ani S
| ect MU RSO REK. Rt MRS aiss wilB ahs dirubes B ShyreRERT a8 B dikeT
(ani nal bf‘fﬂerbzlr’?‘quaﬁdaﬂgavﬁﬁé%t it 'l@lbét@@st)lme':b&ntsg Tilrst GeR QRerffhéd |47BC)
counts aninmdgls 1 nfecte XIKE-A (animal s #387, 5 #388 and #418,

br oken Infecon afrexy KIDEK Ceiié mnmmmuoﬁemmaa@tamm 72!‘0pud | i nes).

Di scl osure of the invention 10 Definitions of ternms used in the
description: Before the enbodiments of the present invention it nust be

not ?g tlﬂ@ FGH ﬁ ARUES rbf Jﬁ@&e&?gﬁ%rﬁ%ﬁ&dﬂglﬁ Af‘bHE thé@”*n‘nﬂ%té%ﬁ@"ﬁ‘;

and inclu r ef erenc ess the context clear

d| ct at e@l—lM%ramoBKlKE’J@é—lS@@ir) dMizBiklcells wefreriefected with $he aers&/at/anUB.b.l of
i ncl udes a plurality of such BVDV viruses, reference to the "cell"” is a
0.1and harvested by freezing and thawing at the indicated time points. Titers were

determined after infection of new MDBK cells by immunofluorescence staining 72h p.i.

»  Fig. 4. Determination of RNAse activity of the recombinant viruses XIKE-A (wild type
* sequence), XIKE-B (H349A) and XIKE-C (H300L) in comparison with the wild type
strain new York ‘93/C from crude cell extracts of MDBK cells infected with the
respective viruses. MDBK cells that were not infected served as a negative control
(n.i.). The enzymatic degradation of poly(U) was determined by measuring the ODyg as

2 amarker of the release of small RNA fragments into the supernatant.

Fig. 5: Body temperatures of animals infected with New York ‘93/C (animal #275, #612
and #1610, broken lines) or XIKE-A (animal #615, #377 and #091, solid lines).

s Fig. 6: White blood cell (WBC) counts of animals infected with New York ‘93/C (animals
#275, #612 and #1610, broken lines) or XIKE-A (animals #615, #377 and #091, solid
lines).



reference to one or nore cells and equival ents thereof known to those
skilled in the art, and so forth. Unless defined otherw se, all technical
and sci erwpDfoBo230er N6 used herein have the sane neani ngs RETEPOMEINRY

under stood by one of ordinary skill in the art to which this invention

bel ongs. Although any nethods and materqals simlar or equivalent 20 to
those dggcti bedy hfern%ﬂaﬁﬂ’@st@ ARtk %fbﬁfédpmﬁtXFF@E-N (drfekl Bes9! #3886 and
present ~inventron preferred methods, devices, and materials are now
descri k48 bkd)kerphrms)mt)(IKEsBrfammam%IGSh##ﬁ andm@r1|9neohqbbma$)ed herei n by
reference for the pur pose of describing and disclosing the cell Ilines,
vectors, and net hodol ogies as reported in the publications which mght be
used | MEIG0BNAROS ol B {VFBIC) BUNOSr arlifall Péedied alith XIKELA (@Rinkals Rt r ued
as an adffi ssion t at the Invention is not entitled to antedate such

di sci os#338 biyd i1 8 UsrokEnpines) or XKWEEB amim@tsaf4 6, 41 B\ #4189, lsodid limesgi n
refers to all viruses belonging to species BVDV I and BVDV 2 in the genus
pestivirus within the famly Flaviviridae (Becher et al. 1999). 30 The nore
classical BVDV type | strains and the nore recently recogni zed BVDV type 2
strains display some |limted but distinctive differences in nucleotide and
am no apigtios@euentrsinvéntiosy 023041 PCT/ EP02/ 09925 5 A "clone" is a DNA
vector or host cell straln into mhlch such vector has been i ntroduced.

Pr efier ab he ofies } injthe AlesceR An "infectious clone" is a DNA
Vector with the capablllty to serve as a tenplate for 5 transcription into
a RNA that induces the generation of the the virus when introduced into
suscept BBidPe €18 lefnbddimbatsabl thet m@s%n\/@nﬂ@@@u@am by rioted tatad uses heréihl on
and introduced into the cells by transfection technol ogies known t

ski | | edanperigdhe ap;w[mbeob@ialm@l dee sngulgr rftanmqaaat,i @res'angs"thige dnq#éid@.mural

e SRR B SREEd RSB HR Sl e e 1
SUSC?pt"a{OBWDT\PkllrQS" IR RGRDYT BadH BUMPS Virdkes atdfemmatad ther'akll” is a
particles” as used herein relates to BVDV parti cl es attenuat ed by a net hod

accor di refetencetie qnﬂ\m’nﬂDm]Cleaﬂd ﬁﬂuu}alenﬁtharﬂ@felmqvwn tq/thqsg w&ecbma@l art.t y

ol aque FRSeSorty EBEF Hefefextholive Rl holt SoRhuR ePesiHed oo
RNA i's ﬁaﬂ”&é@é‘ﬂﬂé'rﬁééﬁn@& ds&ﬁﬁﬁm%lf@ﬁderbfb%d%ﬂéﬁé% ofdinaryRBi! in the art to

which this invention belongs. Although any methods and materials similar or equivalent

2 to those described herein can be used in the practice or testing of the present
invention, the preferred methods, devices, and materials are now described. All
publications mentioned herein are incorporated herein by reference for the purpose of
describing and disclosing the cell lines, vectors, and methodologies as reported in the
publications which might be used in connection with the invention. Nothing herein is to

»s»  be construed as an admission that the invention is not entitled to antedate such

disclosure by virtue of prior invention.

The term “BVDV” as used herein refers to all viruses belonging to species BVDV 1 and
BVDV 2 in the genus pestivirus within the family Flaviviridae (Becher et al. 1999).

s The more classical BVDV type 1 strains and the more recently recognized BVDV type 2
strains display some limited but distinctive differences in nucleotide and amino acid

sequences.



occurring in a wild-type isolate. A full-length conplenentary DNA is a DNA
conprising 20 a sequence conplenentary to at |east 98 % of a RNA occuring
in a w | dwoDype2iospl ate. As used herein, "calf' rel ates toPaThEPo/em28Ni Mal
of six months of age or less. Virulence: "Authentical virulence" -as used
herein neans that there is no statistigally 25 significant difference

bet ween t i Lyl of cbffrest i D tih@ Qi Guchi Rectbp hddideen
i nvent P‘oh‘ggﬂ% \/‘\AyI%r‘?;ﬁ;pAefvE{:/%;\r/ ?’tso at e(é%\nf ?ég%]ﬁ{mhi ch sai d DNA nol ecul es
cont ai fitR@uredNRedferdblyiehsdNAneetadspl@asmichry to a BVDV RNA, preferably a
type 2 RNA have been derived, for at |east one predom nant clinical
paraneter. Exanples for such predom nant clinical paraneters are diarrhea,

pyrexig a ] et hal {at y. t PN e, iti BYO\G psrhplatéd gor as
used h eﬂﬁ{e%@gjdg ({Pﬁjé% %éhaeﬁ:gl\lésvg&ggwﬁgﬁ égli) ?@"@%F? iﬂlcant diff gr encgr
bet weeRrznRerividr it G RNA ahateindates tRy/Denprationcdfethe thecdrusi whendniraduced

invention, said attenuated BVDV particles bei ttenuat.ed by a .

03/ 02300 SCeptbE celiesPraferliyndae Ruby H ﬁbocﬂg?e?ihéyilﬂv‘éﬁ itb%‘,scé‘\é\gon and
w | d-type BVDV, . sol at f j ' : belesn, have

been dé‘%irQ/‘gbc,edf '8?0 h%eg%Lse%\ggnbﬁ%ﬁg h%'ﬁ?én&ggfé%gélgﬁn%\tﬁﬂ} gﬁ%llsgﬁﬁgak pyrexi a
and lethality in animals infected wwth the sane dose, preferably

6x106TClI D50. Thus, said attenuated BVDV particles do ng{l cause di arrh?a
pyr exi aByRY partickesiadt jraamarticles’ aaysed hareln relates,ioc BVRe ViInisesceengidicd o g

herein neans .rapid anplificatd i - idled he
et o RS BEPst. VAR oy NS ABGtogBP SBIEBYENS partide

" SusceRiidh BiticRiubedastousrdepableidellss a cel | which can be infected with BVD
virus or transfected with BVDV RNA, wherein said vjrus or

NA, wh
i nt r oduédéteniiates BYDY pertidept PbI atteryated \‘Iirﬁthd-'t%gd?ﬁ"eaﬁé'?@rdaﬁ?'@rﬂn gpiates to
i nfecti VDV, A, f i i ' LgR (i buni t of
2 Da reV RV S b LTy e TOBoR ARk Tnb B TKFRRIE G PRSIV O ©

i.e. any subset, characterized in that it is encoded by a shorter nucleic
acid nol ecul e than disclosed which can still be transcribed into RNA. rog\
“funct | dmfaktivigriiarthe aspabiidy ofe visbe Qil\dradPartielecta HesCeVbEeRATHBUBRES i ng

to the invention. is a DNA nol ecul i nf i ne whi ch
possessRigaHepibe MR b 3G AN ﬁc?lé?"t#gfg%%@%ng%{gi%tgéré{structur al) that
is substantially simlar to the DNA nol ecul e
A full-length RNA is a RNA comprising at least 98 % of the sequence of a RNA
occurring in a wild-type isolate. A full-length complementary DNA is a DNA comprising

» asequence complementary to at least 98 % of a RNA occuring in a wild-type isolate.
As used herein, “calf’ relates to a bovine animal of six months of age or less.

Virulence: “Authentical virulence’ as used herein means that there is no statistically
;s significant difference between the virulence of infectious BVDV particles according to
the invention and wild-type BVDV isolates from which said DNA molecules containing a
nucleotide sequence complementary to a BVDV RNA, preferably a type 2 RNA have
been derived, for at least one predominant clinical parameter. Examples for such
predominant clinical parameters are diarrhea, pyrexia and/or lethality.
30
Attenuation: “An attenuated BVDV particle” as used herein means that there is a
statistically significant difference between the virulence of attenuated BVDV particles

according to the invention, said attenuated BVDV particles being attenuated by a



or infectious BVDV clone according to the invention. The term "functi onal
variant" also includes,,a fragnent", "a functional variant", "variant
based on wbesdemenerative nucleic acid code" or "chem calPCi@EPIvetoRye" .
Such a "functional variant™ e.g. may carry one or several nucleic acid
exchanges, deletions or insertions. Sai @ exchanges, deletions or 25

i nserti aRShe@Yaker@RE! td e liBVertior], hang niild-/pee BV isofeeé ffacvhakaid
variant at least partially retains its biological activity, e.g. function
as an i attestatedBVDVrarticles havschbeen derived rfor dne predprainhnbclinicalinparameaters

D brot s S, | irikin, And BARY, TS eIl Jhiteras” MRS 6 el gt Weserhly
aci d mapgyhe*Tenpadath Ry ssRVateHuAbd BYPNharitgd£abirde cape didhéd, toyrexiai ¢hd
[ ] |

variant at least partially retains its biological activity, or even

exhi bi t ethality roddtiubindyolge cskdan & wdocine. WO 03/ 023041 PCT/ EP02/ 09925 7 A
"fusion nolecule" may be the DNA nol ecul e or infectious BVDV cl one
according to the invention fused to e.g. a reporter such as a radi ol abel

a cheni ephoml LEWE REFIN AfearR Fépﬁ’&ééﬁﬁiﬁ&étidrﬁ@?&ﬂ% 8hs 8ha%s KABWRHY &mﬂ]e

known in the art. As used herein, em cal derivative” according to
i nvent i émthesarda (EXdhnmar etal, ®roc. N&|.iAdast Sod WS ABYVEEB, 3 0 r8®08e2@I)i ng to t he
invention chemcally nodified or containing additional chem cal noieties
not normally being part of the nolecule. Such noieties nmay inprove the

nmol ecul e WRNTTY DR, i< | | ; ulenk S
"subst ah???ﬁ%ﬂ)}mi% r%le flaﬁsa?%é%ﬁrgtﬁgrls%bgg@%gﬁhg%r{ozbﬁ %%égﬂﬁ’g%ﬁm%ms of
subst antisakfected WithaBVDRM IRNA| dheseiqusaidesings obi RINAgwtaIn atttdduicey . inTdsaid
provided that two ,0 nolecules possess a simlar activity, they are

consi desEgcertiblafels, daduern theageniaration einiestiqus BYDVhe nucl eoti de sequence
is not identical, and two nol ecul es which have a simlar nucl eotide
sequence are considered variants as that termis used herein even if their
bi ol ogi @alfraaphet! Bycordlimpto trieimveatidn id nyRebUAit Bf VBB Meledite 08 @ifcbitigd N
refers to a pharnmaceutical conposition conprisin at | east one o

i murol YR ¢l9ne c@qepediBgnigo Hishinandion; néucdy SHOS§tmAGraripdzed indbgbrkés i n
an ani pRssL b t nat..ne sard n r f [N .
componea S RRarBL har i SRl Er a3 o dlcluer el IS b Ben stin e
conponemtansériby@ o MRNARY additionally conprise further conponents typical

e R el nggiant B (e DNA molseuld or Tiecious BVDY clons aGoorang 1o the

invention is a DNA molecule or infectious BVDV clone which possesses a biological

20 activity (either functional or structural) that is substantially similar to the DNA molecule
or infectious BVDV clone according to the invention. The term ,functional variant* also
includes ,a fragment”, ,a functional variant”, ,variant based on the degenerative nucleic
acid code" or ,chemical derivative. Such a ,functional variant‘ e.g. may carry one or
several nucleic acid exchanges, deletions or insertions. Said exchanges, deletions or

»s insertions may account for 10% of the entire sequence. Said functional variant at least
partially retains its biological activity, e.g. function as an infectious clone or a vaccine
strain, or even exhibits improved biological activity.
A ,variant based on the degenerative nature of the genetic code” is a variant resulting
from the fact that a certain amino acid may be encoded by several different nucleotide

s tripletts. Said variant at least partially retains its biological activity, or even exhibits

improved biological activity.



conplete virus particles in either their original formor as attenuated
particles in a so called nodified |live vaccine (MV) or particles

i nact i vatwo obg2zppropriate nmethods in a so called kill edpPcampoziensgkV). In
anot her formthe inmunol ogically active conponent of a vaccine may
conprise appropriate elenents of said ovgani sns (subunit vaccines) 25

wher ebyat RRgEh BlFEENES Hﬁéﬁb@@ﬁ@m&%@lbbbl@r orbhhfétﬂﬁiJSOBVDg’ ¢1bAe Wtrbading to

particle”or the growh cultures containing suc Eart icles and o;l)t ionally
subsequigitinpentidri taeddo esg.eprepaiasisdich@stheadielebee @ Siaricalime(asHle suchgs

synt het roces ncl udi an_a r ate ., man lation b se of a
sﬁl tabl%?gg E%Z’@hj%ﬁHy:o r&%‘ﬁgﬁ(@ 'Pé{mmhg r”:gectls mgml"JraI i an or
other SRECLEY HRsiH SPEhERRI HeﬁVQt%ﬁ‘éqlé%brdlﬁQE@iHé%véﬁﬁberéfDN;@hhcﬂéc@@ or

procedures, or by induction of said synthetic processes in the aninal
needi nginfectmusi IVDVoxclmher eca;ordmgotqncblnatmmntmfn gberidatly mapelified| omsongammg

sui tabl e phar maceutj cal co | ons nucl eo e cci na A
vacci neade{iogahh q"’ﬁ@%rﬁ"éo'ﬁ m%meﬂﬁaeﬁ et P{u}ﬂ? ”Hﬂ% CYe- Jngiligss
descri bgy %&6} g)Yc?ve ¥R 3 &%@é’é%oPﬁﬂtF@&W% bléoéf?c%l h&f e ¥RCCi ne as
under st 00 rein is a vaccine for''veterinary usé& conprising antigenic
subst anpemaeclié sisageabststteatiyd siaitart He  poothes emofeduted Ut itegh amsfEeeids haaed

active immunity against a disease provoked, BVDV BVDV c
accor di ﬁ@b%’fént@'WeS'FW@é RUFERtIES SeaHeNeRs PLRIO |3cc§'VJY1eEh%§’r%\€8?$§?§ft\é/Pr ed

passi v rr@s() ac}@%ggb ér%a‘rélrﬁ thd DA Sf r'éséoﬁcf}@errgm%g%‘i s éﬁatct%%%rl%e@l”d

sonel | |gen|c y’relate itional

conmponeRgfeit af ﬂﬁ@m&%dhble $éqwmer BSponiiendcal, @ustwd mm1€suleenmblnhyhave a
referred to as adjuvants, like e.g.. alum niunhydr ?@I de, m ner or ot her
oi I's or similarinugisptidecsastionss %a@@&sp@f%éava@éuaﬁe Ft%'@fhk?rlé-’teé’d HPin REeBddy

after t V. C y such additional conponents, |ike but
not resp}qlfﬁ‘gﬁa ﬁ%élﬁngg ﬁétqee ée?rl eukins or growh factors. A
"pharmaceuti cal composition” essentially consists of one or nore

i ngredi ents capable of nodifying physiological e.g. imunological
funcsi oﬁt\edermhtéamlganag vised hieyeinathters @rmrmce@fﬂcaifcom%?mwommﬁﬁ@ in

O ooF B8R0, et BB S iy, Tl dbr ! Sriheiomien.
to achi pyghorRet M rlarptd?ﬁhaplzar@bbéglbly i, ndﬁtUheE)@ssdrllyn dreed dmmqmeoadsmbngl
traits, sterility, stability, feasibility to adm nister the conposition
vi a ent epaipooenisatieait enbgnce the immunological activity of said active component. A
vaccine may additionally comprise further components typical to pharmaceutical

» compostions. The immunologically active component of a vaccine may comprise
complete Vifus particles in either their original form or as attenuated particles in a so

called modified live vaccine (MLV) or particies inactivated by appropriate methods in a

so called killed vaccine (KV). In another form the immunologically active component of

" a vaccine may comprise appropriate elements of said organisms (subunit vaccines)

;s Whereby these elements are generated either by destroying the whole particle or the
growth cultures containing such particles and optionally subsequent purification steps

yielding the desired structure(s), or by synthetic processes including an appropriate
manipulation by use of a suitable system based on, for example, bacteria, insects,
mammalian or other species plus optionally subsequent isolation and purification

s procedures, or by induction of said synthetic processes in the animal needing a vaccine

by direct incorporation of genetic material using suitable pharmaceutical compositions
(polynucleotide vaccination). A vaccine may comprise one or simultaneously more than

one of the elements described above.



routes such as oral, intranasal, intravenous, intranuscular, subcutaneous,

i ntradermal or other suitable route, tolerance after adm nistration,

cont r ol | eworoglozzmge properties. 20 Disclosure of the i nvenPCerEPa%09Phe
solution to the above technical problemis achieved by the description and
the enbodi ments characterized in the cBains. The long lasting need in the
art hasThgesrrmVeaesne heruriidrétvedENVENir o\ Dacoihd dbr veierinaheasei caraprisihg
defined sequence and specificity correlated to virulence which can be used
to genednatigenipsubsiances tansui sdmBvEiered fouthe puosenchindisiiona. spreéfic and

I nventors. for 30 he fir r oy d :

cl ones. Se FrBOEIbagaloh? HisHReRar Beotet BrdvoRe B BT hn A -BEibEi B

i dent i tjhaMiveRtieh dohferSadmive xﬁﬁnm&gﬁtﬁéﬁnapaiémﬂﬁ@ﬂeeﬂewpéémy Wid ¢6&1EPhAINg
the wild-type virus. Furthernore, the inventors for the first tinme

di scl osautitodienf egamnstheypénmuwm aitd contaiog i e0¢  tsppietingsyDeisparagaingls
WD 03/023041 P P02/,09925 9 derived thereof. Thirdly, having invented
live i nPRYISNY eﬂﬂ@?%?g@ of defined sequence, the inventors al so

i nvent eﬂdames%heemtp@naﬁ&ef@teﬁhahé@%@tmﬁm\é%%hkécér@Sc:ormﬂdbrq@rwmrﬁonly

identity which may be attenuated by nodification at only one defined
genet i crefarrkdro sistadjuimnds; likeead. @durmmwmbydroxgi@nm‘aer@l ar otheradilsl omantiaryeen

di f t d att t
Onder ot EPaUes BT IO Tadeinah 8ferafod Rl the pBRY aten e HbrRREY & sfstion
hel pf ul bg%ﬁssaémahgn BHﬁ‘ubbhéﬁnﬂs“ &S @Snét rdkGsteRsto in@eﬁerfohéstntén@wlhérﬁr

enbodi the invention relatés to a DNA nol ecul e containing a
nucl eot grevtbdgctensie conpl enentary to a BVDV RNA, wherein said RNA, vvhen

troduced int tible host d th tion. of
i eoti Buh é%m%pgtﬁ%%fﬁeﬁw@egayﬁﬁpﬁﬁ% y cRPaISHS 71 9% 6 TR GRS BRI Ls FaPalE

| eukope fambalf@ﬁb f?Jrlo Rerd gd lﬁ{muﬁélcl)gﬁéﬁtfuﬂeﬁo@yofaﬂﬁeagrg &S q{‘eg
t he foI oW ng toms of 'the group conprising diarr ea and/ or
pyr exi aablﬁmlsmge@to I@em“torgamsdee/h\mhgm or ohetbeedganism. &hdokemahchxiz86Bal 1350

. b) with authentical virulence as defjned supra as ared to a wild-type
BVDVs i 881 EeErietednionanidpiotes: T BUIPFHASEEE ahus! b%%ﬁtw"?@@?uemammmonv

used to achieve certain other objectives like, but not limited to, processing traits,
sterility, stability, feasibility to administer the composition via enteral or parenteral
routes such as oral, intranasal, infravenous, intramuscular, subcutaneous, intradermal

or other suitable route, tolerance after administration, controlled release properties.

20

Disclosure of the invention

25 The solution to the above technical problem is achieved by the description and the
embodiments characterized in the claims.
The long lasting need in the art has been overcome for a live BVDV (bovine viral
diarrhea virus) of defined sequence and specificity correlated to virulence which can be
used to generate specific attenuated BVDV for use e.g. in a vaccine. The inventors for

»  the first time provided a method to generate infectious clones and infectious BVDV
particles derived thereof of defined genetic identity which at the same time have the
pathogenicity closely resembling the wild-type virus. Furthermore, the inventors for the

first time disclosed an infectious type 2 clone and infectious type 2 BVDV particles



c) which are, when BVDV naive calves are infected at a dose of 6x106TCl D50
20 with such particles, lethal for at |least 30 % of such calves within a
peri od ofwodYoetays; and/or d) with a virul ence of not | es®CriEen2/@9250 of
BVDV particles conprising an RNA with a sequence conplenentary to SEQ ID
NO 1; and/or e) conprising a sequence €onplementary to SEQID NO 1. 25

Sai d dthé?iv% a6 Ry OhasirRp irddenitsd Nivel pifedtiausaBVIDV eeticids asf 2ufiféd
i.m (gluteal nuscle), ¥x106 i'nt ranaseal lc?/’ and 2x106 subcut aneously (over
scapul aequencb} tierinventorailsodogentst sxettd tagenerinaianuateeR\IRY rarligesp

f er abl houl d.. b d,i t t two..Lhi fall_jnf
hi el SHUSEDSTE RBBUN WRBT St B praraianry TR 28 oy o REh e,
[ educti aidiel pianbaseld e hvehtibatows Genseeeild Kaudiavmk bhtweehgenome
baseline"” relates to the average values of all animals 10 days before

i nf ect i modificBtian rameaattenuatioppiveach sy gssentialfini erdet to amdarstan@\iny . fupgsional

03/ 023041 PCT/ EPO2/ 09925 0 Preferabl in nol ecul e according to_the

i nvent i HRCARANIgEs ek 1%@%%% 1Pn ﬁ@detb??eé 'ieah%lp?lgt gpas@espgtHgtqqa@gyS{n Hﬁgés Pn a

second i%&%éant enmbodi nrent the invention relates to an infectious BVDV
cap

cl one, v able of serving as a tenplate for transcription into an RNA,

wherein said RNA, when introduced into susceptible host cells, induces the
generation of infectious BYDV particles f ith th pability to induce
O aen b aviish Ihesaeh s oant B6e aversosutaiaizsdp @ oA Bdeoyiearts i Sa

| east o 1 he | Qi Way t f e C I g

i art neloefaidy sefienB, Brimbleririaly TR BYDIP UL where, Med SRRk e
dose of inffpot063€ iRED;susbdpiitieghosti thliguindenes cak genelatipneohinfeotipes AVDY a

wi | d-type BVDV isolate from which such DNA nol ecul e has been derived,
and/ or Bgrtiglesch are, when BVDV naive cal ves aged from3 to 6 nonths are

nfected At o) wifh ARG HoiRy 10 B Aradg agtéclngg%ﬁiﬁ'iﬁ%ahﬂe% {67k defocf

| east 30 %0 VES na perio s after 1 nfection;
and/or i) with A |ghstubsaceyodndat [éastsoridrahn RO FSlavinG\dMiqahrsy mpiterss of the

corrp”r 'sing an I?;%up comprising diarrhea and/or pyrexia lasting at least one day when
infected with a dose of 6x10°TCIDss.
b) with authentical virulence as defined supra as compared to a wild-type BVDV
isolate from which such DNA molecule has been derived; and/or
c) which are, when BVDV naive calves are infected at a dose of 6x1 0°TCIDso
20 with such particles, lethal for at least 30 % of such calves within a period of
21days; and/or
d) with a virulence of not less than 90 % of BVDV particles comprising an RNA
with a sequence complementary to SEQ ID NO. 1; and/or
e) comprising a sequence complementary to SEQ ID NO. 1.
25
Said dose of 6x10°TCIDsg, of step a) is preferably administered as 2x1 0° i.m. (gluteal
muscle), 2x10° intranaseally, and 2x1 0° subcutaneously (over scapula) to obtain a total
dose of 6x10°. Said clinical symptoms of step a) preferably should be observed in at
least two thirds of all infected animals. Said leukopenia of step a) preferably shall be at
s least a 35% reduction below baseline on at least two consecutive days, wherein
“baseline” relates to the average values of all animals 10 days before infection.

Diarrhea is a typical symptom of infection with BVDV.



wi th a sequence conplenentary to SEQID NO 1; and/or j) conprising a
sequence conplenentary to SEQ ID NO 1. 20 Said dose of 6x106TClI D50 of
step f) iwomsetmunbly adm nistered as 2x106 i.m (gl uteal PCTEPOL/@)25 2x106
i ntranaseal | y, and 2x106 subcut aneously (over scapula) to obtain a total
dose of 6x106. Said clinical synptons dfo step a) preferably should be

obser veprdigradly, iheasbNAvndlBEdGdsaetordldg ikdftret ipdentivrivalss deSerilsed suprpenea
of step f) preferably shall be at 25 |east a 35% reduction bel ow baseline

on at |paexaciciepasdcatlcast 42yS, wherein "baseline" relates to the
average values of all animals 10 days before infection. Said infectious
BVDV cl one preferably is a type 1 or type 2 clone. 30 As it is inportant

that sajl,isaleaY iiRwertBNPYrpdRehst invBhhieRrbeids 1 BHiAREeEouS BYDV ditne,
that serves as the origin for constructing such clone is preferably

obt aj necaphbleaifl serkingrasaa fiemptate ot dtanseriptien rates aerRNA, vdesginnagisl RNA,

subsequently reisol ated fromthe, ani W th the strongest.clinical

synpt orﬁé’ﬂﬁﬂdﬁ‘é I8 PVS%é%BSS%@%ll%gqcﬁiﬁﬂﬁ\ﬂe@gr‘%ﬁ)w '8@9%@'?56EVDV

PCT/ Epogé%%%s 11 cell culture, preferably once or not at all. The exanple
e

(exanpl exenplifies this. The exanpl e denonstrates the cDNA-cl oni ng of
vi rus NY93/ G)wiwitththiescapshility te énducal virasehie and leukepgrissagab/esrfet agesiogrofed

i nt bovi i mal , i sol ated,and d R , ! i d

Clloni ng af Lor ROUSAH @7 I 96 SLarastcand af s JatenyBe DR EheometiEpcd) Beeg
oning after i R E1pAdgEY _
gendiatod by T ORB TR GNCLaPTE e ne AR ASPRE o' &, Baffighd ey, e

accordi ng to t hefeictecewith @dodehef 6xTBMEIRG! and/oof suitable cells or cell

lines with said RNA and the collection of the ,o0 resultin V. par.ticl es
produced by Shivdtht@utrentical ViisNce: agntiBpAEs: ta @ Wil K?Wg%\zg{}i b';l% te from

gener at ed by cl,gniAg, £A® PMIBLAEHR ar hErPYriigne according to the

invention into € genome of a sulitable virus, such DNA viruses being
known to thp) atfiicisane, Whbh BMDN Maiventaives @yedfframid whb enarths @re ésfettadnat i n

DNA or 1§ nf ect | GUSOES GHEHCELEIImVILS BN ARUF RS o RS {oR) 1BEt A br i
ot 0o ar! o SRS Ul HBrs e a9t e FbuBR, gley, ooct [ o o) assico
stably expregs fith Bolipuieics ef nél Bespheh @0al of BUDVOD¥rticlesi cdnamrising ancRNde
with a sequence complementary to SEQ ID NO. 1; and/or
j) comprising a sequence complementary to SEQ ID NO. 1.
20
Said dose of 6x10°TCIDs, of step f) is preferably administered as 2x1 0% i.m. (gluteal
muscle), 2x10° intranaseally, and 2x1 0° subcutaneously (over scapula) to obtain a total
dose of 6x10°. Said clinical symptoms of step a) preferably should be observed in at
least two thirds of all infected animals. Said leukopenia of step f) preferably shall be at
2 least a 35% reduction below baseline on at least two consecutive days, wherein

“pbaseline” relates to the average values of all animals 10 days before infection.
Said infectious BVDV clone preferably is a type 1 or type 2 clone.

s 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 obtained directly from
a field isolate or retransferred to animals and subsequently reisolated from the animal

with the strongest clinical symptoms and subsequently passaged no more than twice in



according to the invention nmay be expressed under control of an eukaryotic
pronmotor in eukaryotic cells leading to the generation of infectious BVDV
particl eswbaBngoabl e to be 20 secreted fromthe cell (as exempo/d9ed by V.
Racaniello and D. Baltinore for poliovirus (1981)). A highly inportant
enbodi ment of the invention is an infectjious BVDV type 2 clone.

Pr et of ALY o fided grBfePill ARePUDNol PRI THOBRamSRIERLAAL HUIITRS fis.

t enpl at rtranscription into an ereln s en I nt roduced
i nt o suFhepxabige estordirated fitse cONAcmindef gansNYIRE whidnise aftieo sevBMADYV
particles k) with the capability to induce viraen a ang I eukopeqr%f i\rb\

cal ves €@t CHltuerpasagss, transiaifeqd infay BRyngranipasreisrEted anAses 106 RNG

St ToachrebsEEBaRl dORA oBhRi ofi8F oL S M (R L BEe ResSaes N
Wi t h; autdiesibtezlirnd.r ul ence as conpared to a wild-type BVDV isolate from

whi ch such DNA nol ecul e has been derived; and/or WO 03/023041
PCT/ EP02/ 09925 12 m) which are, when BVDV naive calves aged from3 to 6

nmont hs | nf t o] ORTEHRD | ' ' I
for at ?@§g}e?3®%%%rﬁsﬁ@§°8@%eéf \?\nﬁ%h'ﬁ\r{ a perllgmo%k%\?ﬂ%] b %g({/%é ;g#ef%rrafe%t %?,
i nf ect i gans@pHoPruginhg thé DNA ioledi@aoe trad BYDIV tieag dceartdifg 1d/4ief inB¥hlon, the
particles corrgri sing an RNA 3 with a sequence, c%enent ary to SEQ I D NO
1; and/ tensfecionfi suitapla clisuencellclings ibnsaidy s (e igollegtion of the

et Hod e BYAY EargRs REORURRRY s TR | YECaro e Bt B e HYRE
strain bértic@b@heﬁbtea%wabhi tHé DINAIMoIesuIB\GPMhEYBYDY 6lbhai dbdofdingsiaged

in cell-culture; ccc) said cell c.ulture-gas_saged BVDV type 2 strain is used
t o i nf eirtvebtionrieto the genemeannd sas@iaiie JINAIviruss sueh iWA aireiges meng Keowbsto

oo ek S oh e sl P AR Y PRl iy
sai d rephaRliad BHRYBY Hyyied Eeié MBidherably S¥6! §R DNANSChidEdudRbrE adRstding
s to the invention may be transfected into suitable cells which then produce the RNA as
disclosed for classical swine fever virus (CSFV) by van Gennip et. al. (1999) for cells
which stably express T7 Polymerase. Also preferably the DNA or infectious clone
according to the invention may be expressed under control of an eukaryotic promotor in
eukaryotic cells leading to the generation of infectious BVDV particles being able to be
»  secreted from the cell (as exemplified by V. Racaniello and D. Baltimore for poliovirus
(1981)).
A highly important embodiment of the invention is an infectious BVDV type 2 clone.
Preferably, said infectious BVDV type 2 clone, capable of serving as a template for
transcription into an RNA, wherein said RNA, when introduced into susceptible host
»s  cells, induces the generation of infectious BVDV particles
K) * with the capability to induce viraemia and leukopenia in calves for a period
of at least 1 day and at least one of the following clinical symptoms of the
group comprising diarrhea and/or pyrexia lasting at least one day when
infected with a dose of 6x10°TCIDso; and/or
30 1)~ with authentical virulence as compared to a wild-type BVDV isolate from

which such DNA molecule has been derived; and/or



resulting in a full-length cDNA clone, preferably the 5° and 3' ends are
cloned wusing the RACE-technol ogy. Said infectious DNA clone nay then be
transcri bwo 03/0t3»4RNA under appropriate 20 conditions, salPGTRE/0D®25

i ntroduced into appropriate cells or cell lines and the resulting BVDV
type 2 particle is collected. Such a cleopne is exenplified in the

sy .
1 Thus, & o OGS HReP Yy arur 6Ny e o o SIRINRGr e eeR R o
according to the doseesft&:00°AC I DHawids tsethzeetibps! fth&NBr stdeastc80 28 off sl

ID NO 1 or a fragnent, functional variant, variant based on the
degenerative ririYas witaiey g pedad of Rl days afisr éeferéonrangd/@heni cal derivati ve
thereof. A ngn-|j.it | ' Vd ' ) 1
her el o oA W ViBERIS s PERS ol PYPNARBAR ks my KR

transcription okith hesdguveMcslconpiamnent=dy iy SEQ a0 .Mvemdien i nto RNA, the
transfection of 30 suitable cells or cell lines wth said RNA and the
col |l ecti on oP)t BEMPEISING 2 SEIBUIRE grPlemerdapt oRiE@dDNOsdi d cel | s.

oy be CraRLiat A7 TR rable ha BRI e 2 Rh S hrstRehlE R

di scl Oswafﬁeﬁi@ﬁv\%’%f(ﬁw Erwer virus (CSFV) by van Gennip et. al.
(1999) for cells 03/ 023041 PCT/ EP02/ 09925 13 which stably express T7

Pol yner ase. Aggp prwiidtyps §VDNSYPRR $irainns isolateds cl one according to the
i nvention na expre d u ontt ol .of. an _eukaryoti onotor in
eukaf"yot I C céPBg ﬁ@g{i\fvﬁ@'%f%e B@r\/g@ﬁ&%ﬁr%'ﬁ‘ '8\‘33??‘1?%%({ hf@ﬁgﬁ}g\p‘apart icles
being abl e teche saRFEEN Q;@lthr@abémggécﬁbl\/mﬁy@miraa‘nl Rdusyd Yo ifREAHRidS
and D. Baltinore for poliovirus (1981)). Another highly inportant aspect
of the inventi oanimals aDNAanBYBYuUsiEitoIst eg-siotajed fremctheotrost sergraindefected

conplenentary to.a full-length BVDV type 2 RNA. Preferably, said DNA
nol ecul e i s chaf [ﬂaé'ri zed by the sequence SEQ ID NO. 1. Thus, the invention

further rel ag t gaft PURAEICRCBYD\AGHSS & BetelrDid PRSEBUEA IO TS than twice,

characterized by SEQ 10 ID No. 1 or a fragment, func variant, variant
based on the degreferabtyi arcayirckcell cultarsi d code, fusion nol ecul e or a chenical
derivative thereo

cervat e NerPoL DO BB, SR Rkl s et e ot
I nvention, resulting in a full-length cDNA clone, preferably the 5" and 3’ ends are cloned
using the RACE-technology.
Said infectious DNA clone may then be transcribed into RNA under appropriate
20 conditions, said RNA is introduced into appropriate cells or cell lines and the
resulting BVDV type 2 particle is collected. '
Such a clone is exemplified in the non-limiting example 1 and characterized by the
cDNA sequence SEQ ID NO. 1. Thus, a preferred embodiment relates to an infectious
BVDV type 2 clone according to the invention as characterized by the DNA sequence
»s of SEQ ID NO. 1 or a fragment, functional variant, variant based on the degenerative
nucleic acid code, fusion molecule or a chemical derivative thereof. A non-limiting
example is provided in example 1.
The invention further relates to a BVDV type 2 particle generated by in vitro
transcription of the BVDV clone according to the invention into RNA, the transfection of
s suitable cells or cell lines with said RNA and the collection of the resulting BVDV
particles produced by said cells. Preferably also, the DNA or infectious clone according
to the invention may be transfected into suitable cells which then produce the RNA as

disclosed for classical swine fever virus (CSFV) by van Gennip et. al. (1999) for cells



consi sting of the sequence as characterized by SEQ ID No. 1. 15 The

I nvention further relates to a RNA nol ecul e conplenentary to the DNA

nol ecul e wamsoeditng to the invention as described supra, @®CTEPIY/®28BVDV
cl one according to the invention as described supra. The invention al so
relates to a RNA nol ecul e obtai nabl e byjtranscription of the DNA 20

ol ecul &Age Qi Beblior? PERHEALAARBSEEIGEI YA DNAT of AREYR o

according tot ention escri bed supra I mportant aspec

t he i nvestoming & heneteotibr aayt e eppredsed undeptortrol df Mkaw@tuﬁwia\mmbone
froma wld- t¥|pe BVDV i solate, said jnfectious BVYDV cl one being
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froman rnfec ani ma y passaging no

sui t gbl ¢18®1)). cul ture cel I s g) preparing RNA fromthe viral part| cI es; 30
r) generating full-length corrpl ementary DNA after reverse transcription of

t he RNAANOHRRST Bighly Heposiast aspechifd ciheptnventipRcisudeBNA salpcule epriaining a
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i ncorporating the conplenentary DNA (c ) into a plasmd vector or into a

DNA vi ﬁ‘luréh%rar@éaieé tofa BNAeBtalerye IRECOFHRG &9 ithe invenspn mmrmﬁobmam

St edDaupi AV A Rufohpt vl e, Ritad S BePifudiels Piierc

(cDNA) %Euﬁt:@@e MusRrehRledlly oﬁ@c}b@nmnaéﬁwm/é)meaééﬁrmhbnglmuﬁﬁgréxaﬁmlél%
partial cDNA fragrrents gsee al so exanple 1). Another preferred enbodi ment

rel at es providegwt Bsampls 1t he production of an infectious BVDV clone froma

| d- VDV, i f b l,
to a RUMashTHE YA e B AT tHiiesctia TN BpRRGI Seltand 135S pevention, ¥
i sol ate,coﬁ@@ﬂh]g%fﬂge tBgush&Pas eﬁawﬁernze%%@SE@gld?N@ from Cel I's of an

I nfected animal during viraem a or optiondlly after
15

The invention further relates to a RNA molecule complementary to the DNA molecule

according to the invention as described supra, or to the BVDV clone according to the

invention as described supra.

The invention also relates to a RNA molecule obtainable by transcription of the DNA
»  molecule according to the invention as described supra, or the BVDV clone according

to the invention as described supra.

Another important aspect of the invention is a method for the production of an
infectious BVDV clone from a wild-type BVDV isolate, said infectious BVDV clone being
s complementary to a RNA having authentical virulence as compared to said wild-type
isolate, comprising the steps of
p) isolating viral particles from an infected animal;
preferably passaging not more than twice on suitable cell culture cells;
q) preparing RNA from the viral particles;
s TI) generating full-length complementary DNA after reverse transcription of the RNA;
wherein the reverse transcription includes a step at elevated temperatures sufficient
to break or reduce secondary structures of the RNA, and the use of a thermostable

enzyme for this step, said enzyme being active at these elevated temperatures;



killing of said animal fromits organ(s); qqq) generating full-length

conpl enentary BVDV DNA which preferably is assenbled 15 from DNA fragnents
af ter rewwpgg/oeanscri ption of the RNA, wherein the rever PET/RPOAMOLT | pti on
i ncludes a step at el evated tenperatures sufficient to break or reduce
secondary structures of the RNA, and thpe use of a thernostable enzyne for

this s | | ' { i v i : )

| ncor poT At e BN R A0 2'RSAud JEPRE Ry hERa DY
DNA 20 vivius capzihd ef dirediing the trgnsorptiorant BVDM cDNAont&WNA eiPNA infaalioRNA
upon infection , of E?'jui table cells. Suitable cells for cell culture are

Madi n- Dar 5 SH88PecqiSeney (MDBK) cell's, RD (bovine testicular) cells or
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por son ST M3 pERRIeE Proforaply” bPTeciehoBing Iehid G B TR 1P e
accos di pgmbterédvtanyn DA i(0DNAY & stgpem)l prefematey onayp bef gersdrbiedaby yassethidingne.
30 Anot her inportant aspect of the invention is a nethod for the production
of an PM?@%QH‘BQ@aﬁﬂbV[ﬁ\ﬂ%ﬂé‘gm% (S8R RGO i sol ate, said infectious
BVDV cl one being conplenentary to a RNA having a virul ence of not |ess

than 90 % of said wld-type isolate, conprising the steps of WD 03/023041

PCT/ EPO2n0®$52 orefidirdq ehi@ldirhenigrelates! topahtathbe Soff thenpatiuctibe of eth wfedtiius U)
passagi ng not nore than twice in suitable cell culture cells; preferably
once or BY&V aglong| fromyya prikrhien PV 1sodatet Haidi infactionst BMIAS ; clgng,)) being

T D N e

t enper ajgylee, soptisingnthe stgpdokak or reduce secondary structures of the
RNA, and the use of a thernostable enzyne for this step, said enzyne being

active @pp} hisodatisieRbbetromerglisreftan secieyl aniwst guiing Vilgemife ot oRliPRatyNaiery
di rect i ng THB0R SEL AR SEHEHE 0B GENA nto RNA upon infettion o
? glt te gblt )é;qéF'T 21:1?3%:@'fglirlgtéﬂplgthaddnhﬂbﬁ}%nMr?fWBW DNANghith Préfepsbl(l i B8gembleRim a
15 from DNA fragments after reverse transcription of the RNA; wherein the reverse
transcription includes a step at elevated temperatures sufficient to break or reduce
secondary structures of the RNA, and the use of a thermostable enzyme for this
step, said enzyme being active at these elevated temperatures;
rrr) incorporating the complementary DNA (cDNA) into a plasmid vector or into a DNA
20 virus capable of directing the transcription of BVDV cDNA into RNA upon infection

of suitable cells.

Suitable cells for cell culture are Madin-Darby bovine kidney (MDBK) cells, RD (bovine
testicular) cells or bovine Turbinat (BT) cells. Further suitable cells are known to the

25 person skilled in the art.

The infectious clone produced by the method according to the invention is a type 1

clone or preferably a type 2 clone.

s  Another important aspect of the invention is a method for the production of an
infectious BVDV clone from a wild-type BVDV isolate, said infectious BVDV clone being
complementary to a RNA having a virulence of not less than 90 % of said wild-type

isolate, comprising the steps of



conpl ementary DNA (cDNA) of step x) preferably nmay be generated by
assenbling overlapping partial cDNA fragnents (see also exanple 1). '5
Ther e waswe opaeioscul ar difficulty in the art to clone thePBT/ERN20B2S r egi on
of an infectious BVDV. The inventors devel oped an inventive nethod to
obtain authentical 5 and 3 regi ons 1§urpri singly, this was possible by

appl yi r{?s %Tatm%%l nggr)épe y. the nodification by the

i nvento nlque to t e surpr|3|ng and 20 unexpected

gener atii)opagéadivVviot hineshad twick frestitableicelllcaitoee célis; feefebdlyly onhe armaért i on
relates to a nmethod according to the invention, wherein the 5 end of the
RNA is g8&Herated using RACE. Surprisingly, onI y by applying the RACE

t echnol §g§géé1q{g1%so%}§%ng ¢1QHeﬁrtraEE%ﬁr tbesr nost abl e pol ynerise it was possible

to disst e of the genone successfully. 25

St andarg ?@héﬁéﬂn@r fulﬂl-l@h% comblentientane DhFosftet oevérae stkarideeigtior roa‘dhealﬁbll/lc an
al so be . 0. anbr ook et aI 989 Mbl ecul ar. C oni n@lg
Labor at or yvrwaalaethe reversedranscagiion & be?t elgnatest tempepaitees seficient

Vet hoden. (oD ohisU5e, g rean] £ fe Rﬁfﬁgﬁaésgﬂﬁéﬁ%%e%%ﬂ@eraﬁﬁ,

the i nvenidnePmiegbpiris sted, %af@éﬁﬂ@n@b@ﬁg@mgem thése ERvetdd @mperbrres;n RACE
is carried out with a thernostable tgol ynerase allow ng reaction

t enper ax)urirsorpbraiingl thastomalgmentaryf BNALIC)P NAY)- iskra Ma@m YBFipr 8 diatosa LHIE,

par 0t cl es VGPsareRizioL S 1 T8 AP IR E0RA BT BV Uhaf Hipetign

generate %tftsgngglbeég”gVDV particles with a defined genetic identi ty vvhi ch
preferably are attenuated at only one defined genetic marker site.
sur pri s8aml yiral bavts:leshe)reienmtblg ar@t ialatedt deinafviresviar sief $))orhenéull length

necds teomRlaRT R RRUA d5ONAT e ataP Db ETTay itanbte EHHAP BT S,

XI KE- B ?\?%%{%Eggaﬂal k@gmew(m;sbueahwwxanm es for such

attenua rticles of "defined sequence. Another inportant aspect of
the s4nvention is a nethod of BVD virus attenuation by 10 introducing one
or nmore_putations into t

Gescr! bBSELINPS SPars0IanATEEL TR VA o Gt 118 Hedtd e BT gl BidRiass

sai d BVDV. The inventors developed an inventive method to obtain authentical 5’ and 3’
regions. Surprisingly, this was possible by applying the RACE-technology. However,
only the modification by the inventors of this technique led to the surprising and

» unexpected generation of BVDV clones of authentic virulence. Preferably, the invention
relates to a method according to the invention, wherein the 5’ end of the RNA is
generated using RACE. Surprisingly, only by applying the RACE technology in
conjunction with a thermostable polymerase it was possible to dissolve the secondary
structure of the genome successfully.

;s Standard molecular biology methods are known to the skilled person and can also be
found e.g. in Sambrook et al.(1989) Molecular Cloning: A Laboratory Manual, 2" ed.,
Cold Spring Harbor Laboratory Press, Cold Spring Harbor, New York and Bertram, S.
and Gassen, H.G. Gentechnische Methoden, G. Fischer Verlag, Stuttgart, New York,
1991).

s Preferably, the invention relates to a method according to the invention, wherein RACE
is carried out with a thermostable polymerase allowing reaction temperatures of at least
48°C, preferably 50-55°C, preferably also 56-60°C.



mutation or nutations |lead to or increase an attenuated phenotype of the
recovered BVD virus. Yet another inportant aspect of the invention is a
nmet hod ofwatiseeasat i on of a BVDV 15 strain, conprising theCIEPpHIVES y)

i ntroduci ng one or nore nmutations into the DNA nol ecul e according-to the
I nvention as described supra, or into t I nfecti ous BVDV cl one according

suscept HBTECHLE e ThRaHaER ey Figiiet o SBRHEL el Pad b BN R R, p80°

i nt r odugivegitean aRMRthd@echehedtd raiereatet BVDVnpartickal ditekl defimed genetic
aa)collecting viral particles {)roduced by these cells; V\/r_lereig said __ .
mut at i oifleptitymwhishi pieferabby piss altanuatedrrtaemly Pneadpiired preatia SiRECer ket hgis

: ti e . : ¢ . ‘i .
deseri beureaes! SnEs o PR ERIELTBRRER YTk ety o dne SabREM ¥ BRion
substi t g iy triepidePRe ditReIddretic radier iste, nesdsCtbé rité@minet dyewblecular
According to the invention, "nutation” neans the repl acenent of a

nuEI eot biddogdyy medhofflé‘mo(l\@. tp thee fastisan. TXIKE-$o apdl XEEE-Cs oh xamile ohargrn@imry
t tat] "del et i on” op i Lon: . | on” h
enoval o axgiiss I8 sythets biftea By Pefides B et S ddeece” ' "

i nfectious BVDV clones according to the invention are viruses of authentic
virul en 5 Iyl hé Ay o id Aoy AtBYDevisdRttbhBtiGR\Eyg
a defi n%‘gomgegn@{%b&a?ﬁsal gbgg)ﬁ\mgé?rﬂ{s/%( eﬁ/tljsg?i?%é a posEl,'tiv\él control in ¥

ani ngl  mteeiucinendse obaiate\WLREHAL 3td the O ARGZc0gie2Eccotding b due irnentionases

are excellent tools for generatin jficall tter d BVDV  cl o .
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nmut at i oB\AQiiu®s substitution. Preferably, 5 said deletions and/or other

nutations are |located at the am no acids at positjion 295 to ,307 ndéob
posi ti ol esz@otherssortant aspgchef &g irvantiosdisag faethogr of; alkenyation pba PYDY

mut o onges OMPRRDIBEaRPERET . B n and causes o o e mAten of
y) introducing one or more mutations into the DNA molecule according to the
invention as described supra, or into the infectious BVDV clone according to
the invention as described supra;
z) introducing the mutated DNA into susceptible host cells wherein said DNA is
20 transcribed into RNA or introducing an RNA transcribed from said DNA into
said cells; and
aa)collecting viral particles produced by these cells;
wherein said mutation or mutations resuits in attenuation.
A preferred aspect of the invention is a method of attenuation according to the
»s  invention as described supra, wherein the mutation or mutations is a nucleotide
substitution, deletion, insertion, addition, or combination thereof.
According to the invention, “mutation” means the replacement of a nucleotide by
another (e.g. C for a T) a so-called "substitution” or any other mutation such as
“deletion” or “insertion”. “Deletion” means the removal of one or several nucleotides or
3 amino acids.
As these infectious BVDV clones according to the invention are viruses of authentic
virulence closely resembling wild-type viruses and at the same time having a defined

genotype, said virus must be used as a positive control in animal experiments. Said



I npaired or loss of function of the nutated protein. 10 A nore preferred

aspect of the invention is a nethod of attenuation according to the

i nvent i orivowh@emin the nutati on consists of bb)del eti on ofCalHpomoopmrt of
the gl ycoprotein Erns; and/or cc) deletion or substitution of histidine at
position 300 of SEQ ID NO 1; and/or ddydeletion or substitution of

hi sti di rwfe@ﬁo@s)élbheg@réﬁc@ﬁerﬁﬁéblls@o%néranﬁé d)ﬂé%tﬂcaﬂyffaﬁéﬁbéﬂéd BZDVaohder

i mportant enbodi ment is a nethod for e attenuation of V, conpri sing
t he nut 4@ ibsnused fOB\LY. vacsieatiwrofde ngverdlqmeomweasuBND‘dt clnnes ivdharein the

Cubst 1 £ ATEES et VaheREINg ho SRYCRRTOGHb el mat MBI GAthe RSergvy feid RNAse
at t enuatgcgpit O;m‘s BB/ REa %y ddI8tion ana}aﬁ dtﬁé’ﬁﬂhté?i'&n Mesr £ &Eﬁﬁutﬁﬂﬂ‘mefé?ébly,

hi stidine 300 is substituted by a codon for | euci ne. Yet anot her
i nporst arsaickabletions rand/csr atheerudatidns amml@catetdaauma amiref aBUBD\At posiioni 2@6 ta o

the inv | on V\/ner n for histidine 349 is del eted. Another

i nporta%[b é‘?ﬂ%ﬂr H‘Bﬁ @%ﬁ@%ﬁvent ion is an attenuated BVDV clone or BVDV
25 str a'T’hu%b h?ef@bfeé J¥pbBOGr MeCiRlEhth [a W@thb&‘éﬁ@tﬂeﬂﬂaﬁ&‘?%@&rdun t

| mpor t ant enb of the invention 1s a vaccine conprising an at n% cfed

BVDV cl dhe lmemmnaMeaemdhdlmgtahontd:renutahemsnsm trepplycopidtgini B amdblcaase@n
arrier or excipient. 30 The invention

with a _phar ti ca acce abl e
further ”%8[35? or Qﬁst‘l’leguégféo%f) Ei‘ ﬁgtpé?,leﬁ\/DV clone or strain according

L eatmort T ° GO ﬁ%@?‘?‘%@%@&%&%ﬁ%@ﬁ%&ﬁ% i R

a vacci neverftionhevhensiarthe onutagbeicensistsaoivacci ne as defi ned above, wherein
one imunol ogically active conponent is a |live BVDV, wherein the RNase
activity in pedelgtign &f Al rier of thealysapseiedn ETRheandd®im 1 i ve vacci ne”

refers to a f fg%lﬁﬁoﬁ%%hbéﬁtﬁﬂoﬁof%s‘?lf?i'ﬁé8 Soéiﬁc?r‘?%p fSEr it NG |- Bharbf

parti cul ar, catron active vira | Yy, @ vaccl ne

accor di ng t0dd)@elbﬂuﬁldrlsobsmﬂbnldﬁi’stmm%tﬁcﬁsméleMB‘t’iDSEGlIIDN(Dype |
accordi %to the invention conbined with an attenuated BVD virus type

accordi MNostrefrabiyw okt iBppther iEwerignhembastingehis @ anethedfoathe attenuatlon of
phar maceiihGal¥prising the mutation of a BVDV clone according to the invention at histidine

positions 300 and/or 349 wherein the coding triplett is deleted or substituted.

Yet another important embodiment is a method for the attenuation of BVDV according

to the invention, wherein the codon for histidine 300 is substituted by a codon for
20 leucine.

Yet another important embodiment is a method for the attenuation of BVDV according

to the invention, wherein the codon for histidine 349 is deleted.

Another important embodiment of the invention is an attenuated BVDV clone or BVDV

25 strain obtainable by a method according to the invention.

Another important embodiment of the invention is a vaccine comprising an attenuated
BVDV clone or strain according to the invention, optionally in combination with a
pharmaceutically acceptable carrier or excipient.

. .
The invention further relates to the use of a attenuated BVDV clone or strain according
to the invention in the manufacture of a vaccine for the prophylaxis and treatment of
BVDV infections.



, 0 acceptable carrier or excipient. Said vaccine nmay be adm nistered as a
conbi ned vaccine. Mst preferably, said attenuated BVD virus type 1
accor di ngwDe3nkee4i nventi on may be adm nistered first fol lPoRawPIgIIaAN

adm ni stration of an attenuated BVD virus type 2 according to the
invention three to four weeks later. 1pgPreferably, a vaccine according to
the invention conprises an attenuated BVD virus type 1 according to the

i nvention wherein the RNase activity in its protein ERNS is inactivated,

conbi negepdrbblyan dddimeaf ete BRmtiorusferpt 2 enninalas gidfinethabavey errersin
wherein the se activity inits protein ERN%(i S | nacé_‘g/@&ed og ?nx‘ t her
ant i gerosts immgnalagicaliy eelive ceRPRRETEISE Y] PMPY. Whgren, NASEAREY PN TS

i nacti vat ed s.a.20 L caluf: nt.a rd h ¥ :

sar d vaRCIaR: By (DA RRNARLT B bl e 35EERES(ErER d FecRhedhpiany e
sai d a:%a‘?ﬂblétc%?)aﬁ}@bﬁ/ﬂerpﬂéaﬁim&n e tar anepticatidrhactivewers compasedescr i bed
supra y be admnistered first followed by an adm nistration of an
attenuated BVD virus type 2 according to the invention as described supra

h f ks l.ater, ' ' | d
R e Y

accor digat bi (D iaverfRTC EbRBthad ith anheftehuatbleBVBavituattypeuat ed
BVDV ortg}?ﬁepv%éggrdg@&g{gtnposilt lon as disclosed supra is admnistered to the

bovi ne asdondingi to neednvémticroioragna aihen abtigenrlin grap Iansvd Pbatmacayioaléd
person 30 and the reduction of A BYDV, s t su Vi 1 a d ni a
Bndior S5REBHRIo GARbIOTGPPREL Pe kSRR ICla) f AT BN, 2ara (5T M 5 ey
be repeat edie B GHFabRg s%*@ﬁ&bﬁéai’é@rWDt\ﬂszUlrgbbef actdrdirig & the hrveptienent
I nvention; but the" sane “shoul d not be construed as limting the scope of

t he i nveayicenadtniidtesstifitsefaionedity o3/0r8oistrataT oERD Ztigggatsd BYD \iUsmiyPe 1

MATERI ALS AND MET S Cel | s and viruses, cells were obtained fromthe
Aner i cad asgprslingfq thednveniiy ﬁg@?;{%ﬁm{r %%ﬁwqgk%é; Mi.). Cells were grown in

Dul becco's nodified Eagle's medi um supplenented with 10%fetal calf serum
(FCS; tested for the absence of pestivirus and antibodi es agai nst )
pest,i vi prsiesbland vacoessactdrdingatd e imiettionBuynprisas Al atiaraieiet 8\ED VAUS
New Yorti;/pleg? a(nc];cio%i%gi tso()ltl% Ei\n\Yé_n IO:IB’IQ\?\A’IG\I{\eIaI?] tll(wienﬂll\yas%r %tiivqt?/din its protein EX is
inactivated, combined with an attenuated BVD virus type 2 according to the invention
wherein the RNase activity in its protein ERNS is inactivated, or any other antigenetic
group wherein the RNase activity in its protein EX° is inactivated, and a
»  pharmaceutically acceptable carrier or excipient. Said vaccine may be administered as
a combined vaccine. Most preferably, said attenuated BVD virus type 1 according to
the invention as described supra may be administered first followed by an
administration of an attenuated BVD virus type 2 according to the invention as
described supra three to four weeks later.
25
The invention preferably relates to a method of treating a BVDV-infected bovine animal
with an attenuated BVDV according to the invention as described supra, wherein the
said attenuated BVDV or the vaccine composition as disclosed supra is administered to
the bovine animal in need thereof at a suitable dosis as known to the skilled person
» and the reduction of BVDV symptoms such as viremia and leukopenia and/or pyrexia
and/or diarrhea is monitored. Said treatment preferably may be repeated.
The following examples serve to further illustrate the present invention; but the same

should not be construed as limiting the scope of the invention disclosed herein.



by E. J. Dubovi (New York State Coll ege of Veterinary Medicine, Cornell
University, 10 Ithaca). The virus underwent one ani mal passage and was
terned , N\w@o0¥oed041 93/ C' thereafter. Infection of cells, iPemBEPOiNHIRF escence
assay and virus peroxi dase assay. Since pestiviruses are highly associ ated
with their host cells, lysates of infeqbed cells were is used for

rei nf e%%ém PJ.IcuIture cells. Lysates were prepared by freezing and thaw ng
cells a1B days after infection and were stored at -70C. Unless indicated

ot her w ATERIALSCANBDXMETHODBt i plicity of infection (mo.i.) of 0,1 was
used for infection of culture cells. For immunofluorescence and peroxi dase
assays, the infected cells were fixed with ice- cold acetone: nethanol

1:1) f 15 m,n .at_-20 i i dawg t
but 1 &r dgeus i yiBees€ R gelis, BN kb B, Windie X Cture
BVDV, mongrasidnt T@ocﬁ@hie?ﬁﬁ'%%?dilé Qrdrecyragdi insbufBectYéi adifiest Eadle'sLABAum

After three washes w a fluorescein isothiocyanate .

( FI TC) - supyjlementsd wilhHi0% fatal calb aesim 4nEBbirsjed Mriheabsenarl Pgstideivrang)
was used for detecti ound antibodies in. the. | of | uor escence assays.
For per dikpdies 9§§‘Q§ESG§B’HW>§F32§@- @8H?ﬁﬁ%{ﬁ'@éa_§ﬁﬁ? gglﬂgi 25 nouse anti body
(Di anovg),iasyit efbidtes SHAN NS YBAE0S ﬁfeﬂ@ﬁsdl%l!@%#@gggf@és i Providat
room tenperature, CelTs viere washed three ti mes with PBS. Bound anti bodies
were dey dctedubdvi (AlesolYork Gtatofoliegd affVaterinanys bigidigineceomall bimvassityH
5.0, 1 pM ami_noethyl carbazol e and 0O % H202 30 Northern ( ' «
hybri di Eﬁ@q@nj— hRNAT §nﬂ?%t@%§n%%rga%aggra?q\% ecSWegy’R@é@éiYLﬂW aRsi ty
gr adi enj e?gé'fttérj fugati on as described before (Runenapf et al. 1989). Cel
electroghore5|s, radi oactive | abelling of the probe, hybridization, and
post hybridi zati on washes were done as described before (Runenapf et al.

1989). A radioactively |abelled WO 03/023041 PCT/ EP02/ 0992 20 PCR product
(nuc| eolnfaetionzeficells,SooPHUnpflyerescence REFAYANM YHUE RRIOX 48saY- plHe.

Vannne: RESRTRes ATe B, BSdcRal it thaPholt RIS edtelsYoFhited RefgRdre

Mannhei ol ynerase e, Heidel berg, CGernmany)

5 fol | owkad fohecirfutibacsfutEiure dedisoyeadat weres peephrad ibyfreazingOand @hanyingf

DNA tenpl ate and 25 pnol of each prinmer. The sequences of th rimers used
for  anpelly Bdas dyscHfarierestioa Racorerereomstame Gier Uiss NelAed S5 PIeEY

(D spl aYheS?'e%,ea”ﬁ\ultiplicity of infection (m.o.i.) of 0,1 was used for infection of culture cells.
For immunofluorescence and peroxidase assays, the infected cells were fixed with ice-
cold acetone:methanol (1:1) for 15 min at —20°C, air dried and rehydrated with

» phosphate buffered saline (PBS). Cells were then incubated with a mixture of anti-
BVDV monospecific antibodies directed against E2 (Weiland et al. 1889). After three
washes with PBS, a fluorescein isothiocyanate (FITC)-conjugated rabbit anti-mouse
antibody (Dianova, Hamburg, Germany) was used for detecting bound antibodies in the
immunofluorescence assays. For peroxidase assays, peroxidase-conjugated goat anti-

;s mouse antibody (Dianova) was used as second antibody. After incubation for one hour
at room temperature, cells were washed three times with PBS. Bound antibodies were
detected with a solution composed of 50 mM sodium acetate buffer pH 5.0, 1 pM

aminoethylcarbazole and 0,1 % H,0.,.

o Northern (RNA) hybridization. RNA was prepared 48 hours after infection by cesium
denéity gradient centrifugation as described before (Rimenapf et al. 1989). Gel
electrophoresis, radioactive labelling of the probe, hybridization, and posthybridization

washes were done as described before (Rumenapf et al. 1989). A radioactively labelled



Bi ot ech, Copenhagen, Denmark); and downstream CM/9:
CTCCATGITGCCATGTACAGCAGAG for the first round and CMB6: to
CTCGTCCAGKO@Z02SDET CGAGAC for the nested PCR  The prinmers ®eEPpn09925
anplification of the 3 end of the genone were upstream CMWG6: :
GCACTGGTGICACTCTGITG for the first roung and CMBO:

%ﬁ%%ﬁ 6 st #A V‘f'&%@@/@ wBkSased as a
GACTTW% evsferag’e]i '?r ansc?ﬁﬁ?’ﬁﬁrpcg\l PCR) was was done 15
W th thgobet anTM One Tube RT-PCR System ( Boehri nger I\/annhel m Cer many),

usi ng pg of total RNA as a tenplate and fO||OWI nggi e manufac{lyrer S
i nst r udPCBn@ndTIRT-AGRAAIGRT viasasplriad i 8N Wile ShPydeRg HegMsPamer e

e BT GINERRES S g p T s S L ARERE, 1Btberg, Germany) |

prepar %ﬁl&@.r@g%@%aaa#act%%t Feonghesdsticryd aﬁbutmm@ it 60-1h@0 Nug | eotDIeA

kit (Machere Duren, Germany) as_recomended by the manufacturer.
Phosphonemmaheomndnaa po i @fh esth DINAMEY | JcbmJ@eg@ena%% qfothenéorignersn gseds fagna,

For 25I| tlono rrert the h

pri mer 9@8 P?IiNAQ fiiae 88“ ‘1”?33 ?@I ?/ﬁ{ lrﬁgfgﬂgﬁ%%yétgﬁs
%‘e &h, | ncu@émam)t h 5 wagts ofdawnﬁféanmucl eoommg

k| nase 5@W Engl and HSE{) Schwal bach, Germany) in 30 pl Ki nase m X

mM ATP, CB‘GOMGTG@G—ETGHHCZAGCA@AGM fﬂgCI 2the10 fifatdi t FAWchr epngl , £M /m

bovi ne serum for 7C., The d o]

sephadeQ @Qﬁ@?\%}n‘\ﬂ%ﬁ tag‘aﬁg&q%@@ gr (,;he E@%@Sjp?&fﬁ fﬂl@t ?%%gr Hglgéd

phenol / hi-RRONRIHN St T &% 1 09 aBddet BANOIeP! ariBniaat i were Livgsiieam, VAEM4E:

carried out using 5 pg of total RNA prepared frominfected culture cells
and 150c3mmmmtca‘éoams:pmwsat edfal i goifecl eoﬂrsde wireungo urind of CM80:

T4- RNA- L ase WO 03/ 02 PO 9925 21 Ia al
Schwal b A@%ﬂg égé'éﬁf‘p%{%f ‘%@ or g 08 "eﬁllvf’ |°%k”6'ﬁﬂ%%§“ 25 m
Mya 2, Adise BAMRARItRL PEReRTHORPWaNEad Yone
units o ﬁﬁ%:rméd%m ursg_:?, Gerdrtgjny)) (Wi"é hou)r)s at 17C. The
prodyct Wlmaﬁemﬂralnf"l‘@hebvupeﬁﬁP/GRIqum(Bmdmmgthammm &idienaoly), using 2
preci pitation.
Mg of total RNA as a template and following the manufacturer's instructions. The
primers for amplification of the E™ coding region were upstream, CM28:
GGAGAGAATATCACCCAGTG; and downstream, Ccm21:
CTCCACTCCGCAGTATGGACTTGC.
» The amplified RT-PCR products were purified by preparative agarose gel
electrophoresis and elution with the Nucleotrap kit (Macherey-Nagel, Diren, Germany)

as recommended by the manufacturer.

Phosphorylation and ligation of DNA-oligonucleotides to the 3' ends of RNA. For
»s  ligation of a DNA primer to the 3' end of the virus genome, the primer was
phosphorylated. 10 pg of the oligonuclectide nis+: CCTAAAAAGAAGCGGAAAGTC
were incubated with 5 units of T4 polynucleotide kinase (New England Biolabs,
Schwalbach, Germany) in 30 pl kinase-mix (2 mM ATP, 50 mM Tris-HCI pH 7.5, 10 mM
MgCl,, 10 mM dithiothreitol, 25 pug/ml bovine serum albumin) for 40 min at 37°C. The
» primer was passed through a sephadex G-15 spin column (Sambrook et al. 1989) and
further purified by phenol/chloroform extraction and ethanol precipitation.
Ligation was carried out using 5 ug of total RNA prepared from infected culture cells

and 150 pmol of the phosphorylated oligonuclecotide with 20 units of T4-RNA-Ligase



Synthesis and tailing of single-stranded DNA. Single-stranded (-) DNA from
the 5° end of the virus genone was generated w th displayTherno-RT reverse
transcri pwavg/023bi spl ay Systens Bi ot ech, Copenhagen, DennmeCHE)EPOB099g5 2 pg of
total RNA from infected cells and 100 pnol of priner CW9 (see "PCR and

RT-PCR'), and follow ng 10 the manufactyrer's instructions (reaction: 65 C

for 10 mn, _42C fqt. m of, AR 50T i | ol i
sequent Nl ERGRBR R0 sR A G e T S0 AR e Tt
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"first strand’ product ' ) 8 pM dATP and 1,5
nmM CoCIV¢3§ H“%fdf‘glPVQ e%%ﬁﬂ&%ﬁ?@%@@m&%ﬁ%ﬁ%ﬁﬁb@p lﬁ%’rﬁ)&?act urer. After

I ncubation at 37C for 30 mn, the product was purified by

pherfol / chl orof orm extracti on and ethanol precipitation. 20 Co stru&t i % of
a cDNA $ynthesis and tailing of i singleegtrancdedDNSy iRalergirasdesnih N2 (e ge ahd
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CGGCA . _and B- e
probe Ubedmanyfacikers H1SHYICHRRS KﬁgﬁPﬂ?'} %S&WJ %’P’/ %tﬁ ﬁOIi4§g%ﬁGE§$é JOEEEIA
¢l one %ﬁg}‘bri  (SABCRdfid ST bHol/RRATBrmMeYEscicHs ahd

2P
1996b) ; i sation was carri out at 52C. 30 Exonuclease Il1l and
nucl eas@thﬁﬂaov\gﬂeﬁipmdn‘swi&sYMI iof H Odv lamtrinoniuim deatateESalfacfeN®9] ones
8

Ut i LA pols-dA e anaeradeat Bt 105 drel SERARIEG K (B Agpl e SE6INd s,
Veiter St%%ier%@agy%%ﬁhﬁo%&lapﬁwh feaid 'ABARh &, IG@medPA uelrnso% s e

WO 03/ 0 sequenced; overlaps between i ndependent
CDNA, ¢l gResirsesraf@upesed, 60 wiitd amtinalt nansfecases 6,29 NtAATP asshitl, a1 midoo

nucl eoti des were analyzed which equals an ,overall "coverage . .of .- 3.8 fo
the ent Co€lgindPnpl osayqi(remféeraaﬁar%n%msﬂ@e%fwgtﬁ%ﬂ%%uf% ST inoubation st
37°C for 30 min, the product was purified by phencl/chloroform extraction and ethanol

precipitation.

. Construction of a cDNA library and nucleotide sequencing. Synthesis of cDNA,
cloning and library screening were generally carried out as described previously
(Meyers et al. 1991). cDNA synthesis was primed with oligos BVD13, BVD14 and
BVD15 (Meyers et al. 1991) as well as with B22.1R (GTTGACATGGCATTTTTCGTG),
B12.1R (CCTCTTATACGTTCTCACAACG), BVD33 (GCATCCATCATXCCRTGA TGAT),

»  N7-3-7 (CAAATCTCTGATCAGTTGTTCCAC), B23-RIl (TTGCACACGGCAGGTCC),
and B-3' (STCCCCCGGGGGCTGTTAAGGGTTTTCCTAGTCCA). The probe used for
screening the library was the Xhol/Aatll insert of a cDNA clone from BVDV strain cp7
(GenBank accession no. U63479, Meyers et al. 1996b); hybridisation was carried out at
52°C. '

» Exonuclease !l and nuclease S1 were used to establish deletion libraries of cDNA
clones (Henikoff 1987). Nucleotide sequencing of double-stranded DNA was carried
out with the BigDye Terminator Cycle Sequencing Kit (PE Applied Biosystems,
Weiterstadt, Germany). As a rule, both DNA strands of the cDNA clones were



Wi th CGenetics Conputer Goup software (Devereux et al. 1984). S
Construction of the full-length cDNA clone. Restriction, cloning and ot her
st andar d wprosozxur es were general ly carried out as descri pet/EPOyeoaREr €
(Sanbrook et al. 1989). Restriction and nodifying enzynes were obtained
from New Engl and Bi ol abs (Schwal bach, ,&ermany), Pharnacia (Freiburg,
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8658 to fr cl eotide position
2144 towébézﬁegﬁsﬁgmﬁﬁgbgggwﬁﬁwa %ﬁ?‘ﬁf &n@?ﬂ rs CMR9

( GATGTAGACACATGCGACAAGAACC) and CMbl (GCTTCCACTCTTATGCCTTG) usi ng total
RNA from MDBK celI's infected with field i solate VLS#399 as a tenplate. In
t he f ol Constrgctiencof the €ull- angathmlNAeslpnuecﬂe@rtrumotnesldmra@ Landgothae standard

cDNA inserts are underliped. 20 First, cl /8 was W tl
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restri CﬂdeBiwal\bédh .t Bergany), eRhgrmaciat (Ereilmsg) tGegnaﬂxya)s nGithcoBRLp KBYEEnstEren,
t he Aat fragnment fromclone C5/11 was transferred into the Aatll site of

PKANES, G@F'@Eﬂ)’)n@ndﬁCEfﬂlr%&WrmWEi@ermﬁ@Wé end of the reconbi nant cDNA
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and CM79 (see "PCR and '

m d was 30 used as t
t enpl at plasmSﬁdedﬁmtquV%@Q)thQﬁMd ﬁ"ﬁﬁ@'q ﬁ%’&b‘é‘”c@%d% AcB34e @@écﬁéf’d
SP:\IS\OCICR%%mC(i/ ﬁAQfZﬁhé\leng%% éfﬁﬁ eot| f@kﬁfﬁ nas ré];oal reJ{d;aﬁcIy&R
wi t h; ol hgeieoid® BositicACEIAACAT TMMW&@F&WR@H@WB pr'ﬁmsRﬂRZQ
product was WO 03/ 023041 PCIT/ EP02/ 09925
(GATGTAGACACATGCGACAAGAACC) and CM51 (GCTTCCACTCTTATGCCTTG),
using total RNA from MDBK cells infected with field isolate VLS#399 as a template. In
the following description, plasmid restriction sites flanking the viral cDNA inserts are
underlined.

2 First, clone C3/8 was cut with Aafll and Hindlll, and the cDNA insert was transferred to
PACYC177 cut with the same enzymes. The resulting plasmid was named pKANES.
RT-PCR product ,RT-E2, was inserted into the Ndel / Hindlll sites of this plasmid after
restriction with the same enzymes; the resulting plasmid was pKANES. Then, the Aafll
fragment from clone C5/11 was transferred into the Aatll site of pKANES, yielding

25 plasmid pKANE14.

The &' end of the recombinant cDNA clone was generated by PCR with primers CM87 /
(GCTCTAGACGGCCGTAATACGACTCACTATAGGTATACGAGATTAGCTAAAGAACT
CGTATATGGATTGGACGTCAAC) that introduces a T7 promoter sequence upstream
of the first cDNA nucleotide, and CM79 (see ,PCR and RT-PCR"); plasmid C5/11 was

s used as the PCR template. The PCR product was ligated into the Xbal and BsrGl sites
of cDNA clone C5/9, resulting in plasmid pKANE22. Later it was found that oligo CM87
contained a false nucleotide, and pKANE22 was repaired by PCR with oligos CM88

(GACGGCCGTAATACGACTCACTATAGTATACG) and CM79. The PCR product was



treated with E. co/i DNA-Pol ynerase | (Kl enow fragnent) to produce bl unt
ends and then restricted with Bsr@. It was cloned into the Spel bl nt /
BsrG sitwe 0002KANE22, resulting in plasm d pKANE22A. TireTiEPeEo2Df CcDNA
clone 8/11 was cut with Xhol and BamH and cloned into s pACYCL77 cut with
the same enzynes; the resulting plasm g;was named pKANE6. The Avrll /
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pPKANE21. EKANEZl was di %\}@t ed with Sacll and EcoRV, and a correspondi ng
f r agmemesyl bmflgla]ﬁmﬂllﬂ% %Z%I oned into these sites, leading to plasmd
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PKANE20. The Stul / EcoRl fragnent was excised from pKANE20 and cl oned
into plmétmlﬁzmmmgeﬂewm Sadl dnddstaRV wand Ecoriespaadipgrragmegt from

d h St ul h pl.asm d 23
P MBS WS RRRES AR Vs S BE oSt i PR R AR THe: T L 1
t he Sar@a&ﬂéégﬁsfr gn‘?@rﬁ’t' émt BKANE bohl whengbie s i SKARE24PEANFAR -thdSsame

Site-diTecte genesis. Al nutants were generated by PCR using the
Qi kChamwm?e_tTMesaﬁir@oplaﬂmacgwaegl@NkE:ZS/(\lst rat agene, Ansterdam

Nt her Aol ol G i Ui iRt et uer, So nalt Wl Ol e, Blogis f1456°
e e
( GAGT GQ@G@M@FCI@EGG@QC'E@&TBMGTCGMM@ONEEMQM@WM@H@ d@e
Bg/r Ogg,&%gtqogpﬁ%dbgemmd%e P& pro chvEgg%&rvAv h a-vrn-l*;-lrl an coﬂ]%n%%gegm
into pACYC177, resulting in plasmid pKANE17. Then, the Sacl/Kpn2l fragment of
cDNA clone C4/24 was transferred to pKANE17; the plasmid was called pKANEZ20. The
Stul / EcoRI fragment was excised from pKANE20 and cloned into plasmid pKANE21
2  which was digested with EcoRlI and partially digested with Stul. The resulting plasmid
was pKANE23. Finally, the Xbal / PshAl fragment from piKANE28AIl was insetrted into
plasmid pKANE23 cut with the same enzymes, leading to the full-length cDNA clone

PKANE40.

»s  Site-directed mutagenesis. All mutants were generated by PCR using the
QuikChange site-directed mutagenesis kit (Stratagene, Amsterdam, Netherlands)
following the manufacturer's instructions. The plasmid used for introducing mutations
into the region coding for E™ was C5/9, a clone obtained from the initial cDNA library
(nucleotides 50 to 2411). Oligonucleotides for generating mutant H*346"A were CM126

» (GAGTGGAATAAAGGTTGGTGTAAC) - and CcM127
(GTTACACCAACCTTTATTCCACTC), oligos for mutant H*297°L were CM128
(AACAGGAGTCTATTAGGAATTTGGCCA) and CM129



24 ( TGGCCAAATTCCTAATAGACTCCTGIT). The presence of the desired nutations and
t he absence of second site nutations were verified by nucl eotide
sequenci g0 03023t ro transcri ption and RNA transfecti on sPCrawezo99pi i on of
RNA and transfection of MDBK cells were done essentially as described
before (Meyers et al. 1996a). Briefly, 22 ug of the respective cDNA

const r ygiGAes ANATERTCTRATABAOTEUTGENY The plesedcodyf e dekirek tmaatiormandd
et hanol” precipitation. Transcription wth T7 RNA pol ynerase (NEB,
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NaCl; 0.5 !'o nM of each ATP, GIP, CTP and UTP;, 10 mMdithiothreitol;

100ug/ | BintRinand BNAFaRSlectfonh 50 units of T7 RNA pol ynerase in
t he prervge‘ﬁicrgqg%él@pﬁnits RNAguard (Pharmacia, Freiburg, CGermany). After
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I e 0 . . .
once wi ! BRERETIA .6 PRSP and, T CIaam diiohiich RueaL & Delifip s
RNA/ DEABhd@wie)anittmisot unigs ofAT7eRNZ0 pofymerase in tioeipaesemceadf B Qnitg RAguard

di net hyl sul f oxi de was added and the m xture ingébat$d for 2. mnutes at
r oom t etRfermediee Frelpurs; GaaenybA\fisr incubatippat 37 feis Thdhe readtipg mplgtuss §vas

washed once wth H ' | | I ;
resus peﬂﬁ%st?di W"M%Rﬁ%ﬁg %ng séeaé%g rglﬁr/%\j y@%} (5)6 (F:i:% %iggr#er%en\rﬂiaglﬁtsr?ﬁnog8h
to 72h pgRgbktHdnenpleeiitagbncel | s were split and seeded as appropriate for
subsequent anal yses. El ectroporation was used for determn nati

. , s : ns of. the
speci f i f nohseenifiad etpeprisengranstsction wasrsinoecwith 3 suaPensiPHeT &3 3yihe sMRkkecells

buffered salin PBS). wi f ' [ ] S R

appr opr P2 B0RHERA Fr g M pas EN A 1 BERE R PR RS ftiourg
cuvet t egeRngRYY. TPRIRNAMEME PR cohiplexowas Rutabiisiiéd 89 0niping RISA disddivédin a
Hoef er PG 200" Progenetor |1. Afterwards, the cells were seeded |

di shes 460 1l KRGS Gedl obblepren el NaChsd 3 eoidfoliD. 5 & 0f NeRG4 2Hho and 18
of dextrose per Liter; pH 7.05) with 100 ul DEAE-dextran (1mg/ml in HBSS) and incubation
» 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
incubation at 37°C, 20 ul dimethyl sulfoxide was added and the mixture incubated for 2
minutes at room temperature. After addition of 2 ml HBSS, cells were pelleted and washed
once with HBSS and once with medium without FCS. Cells were resuspended in DMEM
»  with FCS and seeded in a 10.0-cm-diameter dish. 48h to 72h post transfection cells were
split and seeded as appropriate for subsequent analyses.
Electroporation was used for determination of the specific infectivity of RNA. 3x1 0°
MDBK cells in 0.5 ml of phosphate buffered saline (PBS) without magnesium and
calcium were mixed with appropriate amounts of RNA and transferred into a 2 mm
w  electroporation cuvette. Electroporation was done with one pulse of 960 pF, 180 Volt in
a Hoefer PG 200 Progenetor Il. Afterwards, the cells were seeded in 3.5 cm dishes and

analyzed by immunofluorescence about 20 h later.



WD 03/ 023041 PCT/ EP02/ 09925 25 Determination of RNAse activity. MDBK cells
were infected with the reconbinant viruses and grown for 48 hours. Cells

i nf ect ed wbtob/o2deer wi | d type virus served as a positive cE®QTEM2/0B2T

uni nfected cells were used as a negative control. Cell preparation and
measur enent of RNAse activity were carrizgd out as described before (Myers

et al. DERPminatibntbE RN&&@@"ddiniWQ\T/IDBWBQ% e Ohd diéd lﬁp‘f’r?e FLcSHhbindRe

30 min instead of 1 hour because |l onger |ncubat|on resul
consi der\diseshank groundondiS hours. i CellsVbBEcted| Wish thaiwikd t;@aoenrusr%@hﬁed Bg0g
ani mal ex erlrrents werg carried 0%45 to test the reconbi nant o viruses. In
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the Secci o O Y BPRS et ad BBLon P bR IMers <1
weekss olal) 19@9)ewitth ti‘ieeekmjatnontthahmabia&om/of thebprbBBeS Gt BFAC REds wmmhnstéad ide
chal | en experinment, anima]s were inoculated with 5x106TClI D50. Al

ani mal sgﬁﬁt}%Pt RRtALPer Jgest IngybRtiap deskited jig BensidrrAblen daskgionedy apkivityr in o
infectiqppplhegidi fferent .groups were housed in separate isolation units.
Clinical paraneters were recorded daily as indicated in the results
section. Blood was taken fromthe vena jugularis externa at the tinme points

i ndi catLefg.I‘ the results sectjon and was stabilized with Heparin (ca. 35
W/m) igaal experventsd Wa shimalexpeoments ware tarsieduont tadestrthe reeosmbimant

from’ al USRS, B ERAARE eRbeteH t&’%cé”%@p?ﬁ-"%ﬂs%}ﬁ@a@s?fé?r@‘cﬁ%@awﬁ%sQ%rto 10
al l quot mbnihepald) werst iaiclizted iblrapssd4IFORitAl MO 108, éP7an|| gpggyfﬁzﬁé

i ncubated on ice for 10 mn, followed by centrlfuga I on
washed GWEErmats Bygiale duelstain ant thwlstsinvcrass paisesi (t?h(bxmtm;‘a@ekandld\)/g%re

bef BS MDBK ¢ d d 25 24- wel |
ol at es iR HERHEBER iS5 1056 Per HoThalr 1y ot sas ermer giest simas
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m croscopy. with the BVDV E2 mAb mi x (see above) e presence o
vi 1 us- nélitiogN aNchgnibrdbetpe o rfsctiest Bak drffe’semmgnmmsrpzl/m hdnesechimdseparate

f ' | d
of 1. o PRGN kIS PR, Borerbetory Mele eldom et MIERISH iR rSFaks of
strain NewtiderBloo83l4s {aep fT&h%@ veRk jughiblis eferha 2P te BnedddtsiRlicaRa PP

cells were added to each wel
the results section and was stabilized with Heparin (ca. 35 I.U./ml) unless it was used

for the production of serum.
= Inorder to determine the presence of virus in the blood, buffy coats were prepared from
all blood samples. 5 ml ice cold lysis buffer were added to an aliquot of heparin
stabilized blood (containing ca. 107 leucocytes) and incubated on ice for 10 min,
followed by centrifugation The pellet was washed once with lysis buffer and twice with
PBS without Ca** and Mg*" before it was resuspended in 2 ml PBS. MDBK cells seeded
»in 24-well plates were inoculated with 200 ul of the buffy coat preparations and
incubated for 5 days. Viral antigen was detected by immunofluorescence microscopy
with the BVDV E2 mAb mix (see above).
The presence of virus-neutralizing antibodies was tested in serum samples that had
been inactivated by incubation at 56°C for 30 min. The sera were diluted in steps of 1:2
s on 96 well microtitre plates and inoculated with a suspension of strain New York '93/C
1100 TCIDsp per well) for 1 hour at 37°C. 10""° MDBK cells were added to each well

and incubated for § days. Infection was analysed by immunofluorescence, calculated



and incubated for 5 days. Infection was anal ysed by i munof| uorescence,

cal cul ated WD 03/023041 PCT/ EP02/ 09925 26 by the nethod of Kaerber (Myr
et al. 19vo)3amid4expressed as the 50 % endpoi nt dil uti onPaliEPh2/emes ral i zed
approx. 100 TCI D5o. To detect virus in nasal discharge, nasal swabs were
taken at the tine points indicated in g2he results section, diluted in 2 m

of transpotHe Miethed oﬁ‘W&%rEéM@M@?ﬁ@t el WOYh) antb exprESsed H80the- §b/%NMéndpoint
penicillin G 0.1 nmg / m streptonycin and 2.5 lag / m anphotericin B) and

passed tdikbogmhictoneutsatized approx TEMPss were inoculated in 24 well
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sequenced. Northern bl ot analysis showed that, contrary to strain 890

( Ri dpat FG@3d1Bbl.Ud mibss)icillirme, §ehoge mof sikaptesiyCircand 2i ;npgronll ampleotericin B)
insertions, or 15 del eti o data n h . Nucl eot | de ,sequenc al ysi s
reveal e@r}dh%?sstel%tﬂwﬂﬂﬁr&g (“f&%@é&%l?g*ﬁg@iwy@ mukﬂad d%??t aWﬁ@ PiFHES (Wig'h
r eadi ng 4 i t.d i ¢ i

it rane) e P e B R R TR TSPy
and wasffeodndbywso be identical with the New York '93 sequence published by
Topliff and 20 Kelling (1998) except for position 21. In contrast to other
known type 2 genornes (Ridpath 1995; Topliff and Kelling 1998), strain

NY' 93/ C has adenine at this position instead of thymn. Construction and
anal ysis of an infectious cDNA clone for NY' 93/C. Although a 25 nunber of
i nfecti RESUDNS cl ones have been established for CSFV and BVDV type 1
(Mendez et al. 1998; Meyers et al. 1996a and 1996b; Mormann et al. 1996;
Vassi | evGeremg| andysis. Kiharatsaisr NXiB/Veigethe oy, BYRVstipe 2 lgenoimss thatelpas t

of an infect s cl one rqm.a BVDV .type 2 strain. The clone s designed
for rundt®t ?lﬁ sEPAPET 'V\ﬁ?ﬁﬁeﬁ‘ %AZB%IWWEPQ‘%‘@?%&?& P?'ﬁtﬁarﬁ’\rll\?% sz %63
genore- | Rt e Bupr! 1005) Bkegehaaauss Ady3cors eidrgb! it '
cl one wagslkg)onsti tuted frommf our J?E]:DNA pl asm /ggPegttaggs }Jrao;nr%emigﬁﬁ%l or
phage | idsletionsajdatanet STowriR Nuakhitte sequancasaialysis heveagd dnathtbevgamome is
posi ti on1s,2 . . . . .
332 nucleotides long and contains one open reading frame encoding a polyprotein of
3913 amino acids.
The &’ untranslated region (position 1 to 385) was determined by RACE technology and
was found to be identical with the New York '93 sequence published by Topliff and
»  Kelling (1998) except for position 21. In contrast to other known type 2 genomes
(Ridpath 1995; Topliff and Kelling 1998), strain NY’93/C has adenine at this position

instead of thymin.

Construction and analysis of an infectious cDNA clone for NY’93/C. Aithough a
s number of infectious cDNA clones have been established for CSFV and BVDV type 1
(Mendez et al. 1998; Meyers et al. 1996a and 1996b; Moormann et al. 1996: Vassilev
et al 1997; Kimmerer and Meyers 2000), this is the first report of an infectious clone
from a BVDV type 2 strain. The clone was designed for runoff transcription with T7
RNA polymerase, resulting in a genome-like RNA without any heterologous additions.
2 The full-length clone was constituted from four cDNA plasmids selected from the initial
phage library and one RT-PCR product encompassing the region between positions
2265 and 4301. At the & end, the sequence of theAT7 promoter was added for in vitro



2265 and 4301. At the 5 end, the sequence of the T7 pronoter was added for
in vitro WO 03/023041 PCT/ EP02/ 09925 27 transcription, and an SrA site was
added to wbe3®230end for plasmd |inearization (Fig. 1). TPaa/Hpa2/h99eengt h

cl one was naned pKANE40OA. MDBK cells were transfected with RNA generated
fromthe linearized pKANEAOA s tenplat®7by in vitro transcription. A

runof f tiaaBEGstidH, dhndcan SRS dvaa<addztBRY thendti et fdreasmiat IgseatRatod ¢RRy. 1).
upstream of the NS5B coding region served as a negative control. Three

days podthetfubieigblene weyDengskpKANE4GAgnal s were detected after
I mmunof | uorescence staining in cells transfected with RNA from pKANE4OA but
not in the control. The virus generated fromthe infectious cl one pKANE40OA

vas ter poBkOceflKee (Fagsrebaas Welt ENA aldrferuride fiops 306 athdanzed, pRANE4TA
stock of the second passage was used for all further experinments. The

vi rus wismplesé \oyeid WiroRTamsoR ptiss gAentioffgtransiint gram eolasoide pKANE Z86d h andeh

fromCto T at position 1630, as proof af he i.dentity of Xl KE-A._ The_..
speci fi SrmipaLEs; \%tfgpcg}nst Hesiﬁﬁﬂﬂd8fﬁk}%3\'§?%n?%%&€£§ Q\/&?@_r%‘f@rs n&ﬁs?tﬁve i s
conmpar i $8arbp THRPIRREr ﬁéstf tRMsttion, | B/BYLEsbamd Ridritds Wbk taEi8ctelr Bfter
NY' 93/ C. To this end, the concentration of viral I n sanpl es used for

t r ansf edmimumobifionBBENCce stainingds calisstarsfectedowitp HNA dromMmicKANR40A bt avwbimt s

of the in vitro,transcribed RNA after . Northern blopttin bridizati on,
05 ng o eGSR i sgRnEtted Ghethe riAcidlis s PRABH e s3RHeS
bot h and a i r t fH@n he
over Ape KR TR R e, b o (e, (ROEK 3L 4RY) so6nd
pf u/ pg, pmsdagbevad ludetlyioe diNAIrihesl ebqubrinents 0T hpf virdsaguasTapalysedtily RT-PCR

Curve, - SETHENERE. GGG #F LB OPSBi hPEoorade tad 2 P6RLIDI 1P PRETOahe"
experi MenL icﬁé:ritﬁ*)kof%)KE—wBK cells were infected with an mo.i. of 0.1, and
a

sanpl es were en at seven 25 tinme points from2 hours to 96 hours post
i nf ecti dfhe Bpeciicomfbcibuity f ofhet IRINAT dedvdn rfeorh KK wasreddtatmBreniotimer

hour s, RORESKSPR0L RBACP SN di7Ei Cls alBEEer BANTP LRI sk HEls RERPSlC 3o
i by 3 s BB o A oS R R BRI S MO CBTY,
Er"s i s wissineagetddiy comparison with defined amounts of the in vitro transcribed RNA after
Northern blotting and hybridization, using a phosphoimager. MDBK cells were
transfected with similar amounts of both RNAs, and plaques were counted three days
»  post transfection. On the average, the infectivity of RNA derived from pKANE40A was
4.32 x 10? pfu/ug, and the wild-type RNA yielded 4 x 10? pfu/ug.
The growth characteristics of the recombinant virus were ‘analysed through a growth
curve, using the original field isolate VLS#399 as a control in the same experiment (Fig.
2). MDBK cells were infected with an m.o.i. of 0.1, and samples were taken at seven
»» time points from 2 hours to 96 hours post infection. The growth curve of the
recombinant XIKE-A is somewhat smoother than that of VLS#399, but both viruses
reach a titre of 10%%® after 96 hours. XIKE-A was therefore deemed suitable for further

experiments.

» Construction and analysis of E™ mutants. Previous experiments with CSFV (Meyers
et al. 1999) had shown that the RNAse activity of the glycoprotein E™ is destroyed by
substitution of histidine 297 or 346 (the numbers represent the residue positions in

CSFV strain Alfort/TUbingen) by leucine or lysin, or by deletion of codon “H346". The



substitution of histidine 297 or 346 (the nunbers represent the residue
positions in CSFV strain Al fort/Tubingen) by |eucine or lysin, or by

del eti on wb osozBom " H346". The WO 03/ 023041 PCT/ EP02/ 09925 PCTEPIIO%RE
viruses are viable, but clinically attenuated. In BVDV strain NY 93/ C, the
two histidine residues are |located at pgsition 300 and 349, respectively.

To test moeidasirisBe aref §igples Hilt WF@I&%@%&E@?&BVBV EfrgiﬁsN%\{\gr gr‘?e two

simlar to CSFV in a BVDV type 2 genone, ectrous clones
engi neerRigtiginetiesidtreare loedted iab position 80Enartd349; reSpettive!p Uhstast Whistherahe

codon 888k B SHTolS e SR BT M S e Sl e
cel | s_f ofertimé edt infbatRURAASRES WeRs eﬁggg—;ré?é&'%ﬂtrpgiﬁhé}%gs&ttgﬂrog\?&fﬁc%%%“ﬂé%"°f

RT- PCR products enconpassing the Ens I ng reglo
char act eeri 8tsubstitotioniad cotemiHI0N’ i lsuse. itreeresuitiRy rstomibiban Vil gRitamed

f h | i Nt ' | XIKE-A (Fig. 3). The RNAs I Vi

of %1 KE-wernatee KB B RafbA) e okErSHatLf o ude c)elld extracts of
XK _ g RKErriHelOkh cts

[t oot one 1 MBS BREP MR BlinTol, A et 1R P45 CRN B Selbrmines

degr ade madiggtides sequidrrcing of &T-PCRVpEdUUde entbMpbYsinghe E™ MNYiRPFEgish! YRE
as a positive control, and uninfected 15 cells were used as a negative
cont r ol . 9r@Wfe chatacignistios afBabweirawant wieusesswarearompated with ezus aleriwet gram

RNA was | P At ; > QS nt of the supernatants revealed
t he Bfes@%?@logﬂfybgﬁal t'QQgF%?'ﬁﬂf@é%@hts (Meyers et al. 1999). High
RNAse acThe/iRNAg@sadtivitpdof XIKEeA NXIB/EC a0 XIKKR AvSaradi&minBs T ifaerddee ko

mutants XI KE-B and XIKE-C were in the same range as the negative contro
(Fig. 4)eXtzstnaf alls dxisstacnisith Hiet same KEOA. af @iter 9BUE. twbhdaysuppsisimfedtidrne

e T ocOHBHSi i v Py ErelariESns dusRlREtEy Jhf el LG 10 secbaanFelabs U

the wi | dnferpsd sithahe WG §3eCstrIWONYDP0 Reridd taeraegoaﬂw%ﬁtr%ﬁ rﬁrfr?ga l?giﬁﬁ%{%?

old) were each infected with 105TCI D50 of either 25 Xl KE- a

#3775 el \Merey\ws%(a@ pameaaiive gomel. Afep, 30+ 161 Q). inBalcdtioryrihepreskuah digied
recor dedoefist it R Mo BRI R e Pty s Eonend! oS arerpaients or
1: grrgg%/ggvf%x?attﬁemsdﬁ&@@fishﬁvalpaeg'rero%a RNASEEBNIdHEN el ALY 8P 18U, High
RNAse activity was found in the NY'93/C and XIKE-A samples whereas the two
mutants XIKE-B and XIKE-C were in the same range as the negative control (Fig. 4).
20
Animal experiment with XIKE-A and NY’93/C. The purpose of the first animal
experiment was to compare the virulence and pathogenicity of the recombinant virus
XIKE-A derived from the infectious cDNA clone with the wild type strain NY’93/C. Two
groups of three animals (8 to 9 months old) were each infected with 10°TCIDs, of either
s XIKE-A (animals #615, #377, #091) or NY'93/C (animals #275, #0612, #1610). Each
group was housed in a separate isolation unit. Body temperatures and clinical signs
were recorded daily; blood samples were taken on days 0, 2 to 16 and 21 p.i. for
leukocyte counts and detection of viremia. Sera from all calves were collected for
detection of neutralizing antibodies against NY'93/C on days 0O, 7, 14, 21, 29 and 35
%  p.i.. Nasal swabs for virus isolation were taken on day 0, 2 to 16 and 21 p.i.



detection of neutralizing antibodi es agai nst NY' 93/ C on days 0, 7, 14, 21,
29 and 35 30 p.i.. Nasal swabs for virus isolation were taken on day 0, 2
to 16 andwBb3f23041 WO 03/ 023041 PCT/ EP02/ 09925 29 Virus i PolraPomenIts om
buffy coat preparations Virus isolation fromnasal swabs Days p.i. #275
#612 #1610 #615 #377 #091 #275 #612 #1629 #615 #377 #091 -26 -- - -- - --
< IR
- - -+ 4+ 4+ - - - -- 4 -+ 4+ 4+ S+ + 5 b b o 4 L - - -
++ ++ Hirdstsoldtitn frbrh buffy coat preparations - - - - 7 ++ | Pirushsblatibrtfroth tras@swhs ++ ++ ++ 9| ++ ++
++ ++ |10 -- - -- - -- -- bac -- -- +- bac + 11 ++ -- -- - -- - bap 12 --
- - - _Days:Pg #275 _ #612 _ #1610 #6158 _ #377 #0981 | _#275 _#qu 155161(16#615 _ #377 #0091 _ | _ 21 -
* -- -|-2 total #44-67 ¥1%20212-05-6,7-0,74,7 Fable 1: VM rus

i sol at i from buffy coat preparations and nasal swabs”of aninals ipfected
with New York.,'93/C ot XIKEk-A .# virus|detected, - no.virus detected, bac
= bacter4a, s ani+rml was ewtrt hamt zed on|day 13 p.i= A+ animals-in poth
groups |devel ofjed figver [{Fi gy} 5) janda broad spectrumof cli"nical s|gns
includiing respiratory synptens and gastrolLntestinal disorders. -Ani npl #091

was kil¢ed on+day 13 p.i. tor welfare neasons. A1 cafves-in both groups
showed || ukopéni a~ - N - M

11 o - - - - bac - - - - -

13 - - - - - ++ - - - - -

14 - _— * - — — *

15 - - - - . - - - - -

16 - - - * - - - - - *

21 - - - - * - - - - *

total 7 4 4 6 7 7 1 1 0 2 1 2

@ 5 67 07 17

Table 1: Virus isolation from buffy coat preparations and nasal swabs of animals infected with
New York ‘93/C or XIKE-A. + virus detected, - no virus detected, bac = bacteria,
s *animal was euthanized on day 13 p.i.

All animals in both groups developed fever (‘Fig. 5) and a broad spectrum of clinical
signs including respiratory symptoms and gastrointestinal disorders. Animal #0981 was
killed on day 13 p.i. for welfare reasons. All calves in both groups showed leukopenia
o starting on day 3 p.i. and persisting for up to day 15 p.i. (Fig. 6). Virus was detected in
buffy coat preparations from animals infected with NY’93/C for 5 days, and with XIKE-A
for 7 days. Nasal shedding was found for 1 or 2 days (Table 1).
The identity of the viruses was checked by nucleotide sequencing of RT-PCR products
from RNA prepared from buffy coat preparations from all animals. The entire E™ coding
;s region (positions 1140 to.1780) was sequenced and found to be identical with 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. (Table 2).



10 starting on day 3 p.i. and persisting for up to day 15 p.i. (Fig. 6).
Virus was detected in buffy coat preparations fromanimals infected with
NY' 93/ C fwo 03/0eBays, and with XIKE-A for 7 days. Nasal shedaiarg2/omss f ound
for 1 or 2 days (Table 1). The identity of the viruses was checked by

nucl eoti de sequenci ng of RT-PCR productg0o from RNA prepared frombully coat
preparations fromall animals. The entire Erns coding |Is region (positions
1140 to 1780) was segupipgd amdsf oungzt o §eqi dejyig calgqwi t hgijge known
sequences of NY' 93/\701’7%1 A rveLy: ra anit i bodies were
found in the serum of i cial ves starfing oh day<l4 p. .. (Table 2). WO

03/ 023041 PCT/ EPO2/ 099 30 dags p. "¢ 615877 0#1 2752612 9610 -26 <2 <2
<2 <2 <2 <2 0 <2 <2 <A <2 k2 7 £2 <2 @ <2< <2<23114<B45 323 406 256
128 40 21 1024 1290 13MAQQ 564551 320 25806 4096+ 8128258042580 35 3251
3251 * 8192 2580 5161 2% anj mM@24weri@oeut hant zerthbggn d&y213 Tgpl e 2:
Neutralizing anti body tgtres agoer gppgd i n seng*qgsaggbgsEQgs@I | cal ves
after experinental inhgctiomogit hablgy Yor ks 95 oL, § KE: Results are
expressed as the rectproca i lizing
antibody titers against New York '93/C (102' 07 TCID50) The results of this
study denmmshrneéredutitizddns dge@bi nant virus XIKE-A is highly sinilar to
the wil t%%)gaﬁi rus NY'93/C with regard to both pathogenicity and an the

i nduct i ot <eNCYiRTFIRE apdagayridres dgtarmineddn geram smseples pt all calveseafier or e

pl ausbi | ¥PEEMEEE] IReection yith NRW Wenki BY/E on XK. tResyilte Breepaesssd@sine t hat

m ght bd®BRNEALRIGNe Reryim, BY QY-spaeifinneulpinagantlodhtiterseagainst NewfYark©3/C

i nfecti dd¢ 'cl_r%o)pKANE4OA woul d i ndeed be caused by the desired nutation.
15 Aninmal experinment with XIKE-B and XIKE-A. In the second ani nal

exper! moffe rEdfis Bt i @LAE M STHRE3%hER s NBESRh RN Vite RIKEACis highly

negative nu
»  similar to the wild type virus NY'93/C with regard to both pathogenicity and an the

induction of an immune response in the natural host. It is therefore plausbile to assume
that any deviation from this clinical picture that might be observed in a virus mutant
generated on the basis of the infectious clone pKANE40A would indeed be caused by
the desired mutation.

15
Animal experiment with XIKE-B and XIKE-A. In the second animal experiment, the
clinical and immunological characteristics of the RNAse negative mutant XIKE-B were
analysed in comparison with XIKE-A. The H349A mutant was given precedence over
the H300L mutant to minimize the danger of a genomic reversion to wildtype.

2 Two groups of three calves (7 to 10 weeks old) each were inoculated with a dose of
5x10°TCIDs, of either XIKE-A (animals #387, #388, #418) or XIKE-B virus (animals
#415, #417, #419). The groups were housed in separate isolation units. Rectal
temperatures and clinical symptoms were monitored daily; nasal swabs and blood
samples were taken on days -8, 0, 2 to 14, 17 and 21. Serum samples were collected

> ondays 0, 8, 12 /14, 21, 28 and 38/40.

Nine to ten days post infection, the calves infected with XIKE-A developed fever for up
to 3 days; in addition animal #387 had fever on day 3 p.l. (Fig. 7) that was
accompanied by diarrhea and respiratory symptoms. Calf #388 showed convulsions.

The group was euthanized for welfare reasons on day 12 p.i. in a state of marked



anal ysed in conparison with XIKE-A. The H349A nutant was given precedence
over the H300L nutant to m nim ze the danger of a genom c reversion to
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i nocul ated with a dose of 5x105TCI D50 of either Xl KE-A (ani mals #387,
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8, 12 /14, 21 .28 1.40.. Ni. f. ' '
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#387 haghdreWronQihstdyin3he dalveshhgsctdd withakildvepe RIKERARARNEE thy XIKB/B hesumnd
respiratory synptons. Calf #388 showed convul sions. The group was

eut hani tfeig. Bor wel fare reasons on day 12 p.i. in a state of marked WO

03/ 023041 PCT/ EP02/0992 31.depression _and_anorexia.. None he cal v
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pr onoungeduéncd (@ 8alayey Nadatchedding of virlisl coyidebeokEeryetiHan upriot Sielays KB B
group .5 (Fig. 8). Virus was found in bully coat preBaratjons of all,

ani mal s 4st)awith ngKénAdagimals . but, fof gwsadmuny, of dnfiay Wk Oshowitle XIKErBrapiimals s
mut ant k@ @ed%ys) than for the virus with wild type sequence (0 8 days).
Nasal’® she@°iY" of virus coul d be observed for up to 8 days (0 4,7) with
XI KE-A animals, but for a maximumof 1 day (0 0,7) with XIKE-B aninmals 10
(Table 3). Virus isolation frombuffy coat preparations Virus isolation

from nasal swabs Days p.i. #415 #417 #419\/#3817t #?88 #141§ #415 #417 #419
trusHsplatipn f f t tions irus isolation from nasal swabs
#337 Zt?’?_éﬁj_z?g%?fn_ 21_760:6 ;fii%aia'wffsiw: #3 é+f41_?_0 ;;gzﬁs_'_ ;_ #:.';_11- ;#ﬁig " #387 :#_35%_ :#41:8 B

0 - - - - — - - -

2 — —

3 - — - - - -

4 +- Fa - ++ 4+t ++ - - . -
5 b +- - +4 ++ ++ - -
6 E=3 + ++ ++ LR ++ - e - -
7 L ++ ++ ++ e ++ - - +- +- - +-
8 e - e+ Ly ++ - - -
9 ++ - ++ 4 + -
10 - - - ++ + +eo + e ++
11 ++ + ++ + - +-
12 - - - - - ++
1 3 * * * _— * * *

1 4 — * * * — * *

1 7 — —_— * * * * *
21 * * * — - * *
total 4 5 3 8 8 8 0 1 1 4 2 8
1] 4 8 0,7 47

Table 3: Virus isolation from buffy coat preparations and nasal swabs of animals infected with the
15 recombinant virus XIKE-A (animals #387, #388 and #418) or the E™ mutant XIKE-B (animals #415, #417
and #419). +virus detected, -no virus detected, *animals were euthanized on day 12 p.i.

Again, nucleotide sequencing of RT-PCR products encompassing the entire E™ coding
region was used for yirus identification in buffy coat preparations. As expected, isolates
»  from animals #387, #388 and #418 were wild type. A deletion of the "H349" codon was
confirmed for animals #415, #417 and #419. Interestingly, an additional point mutation
was found in RT-PCR products from two of these animals (#415 and #419): nucleotide
position 1246 was changed from guanin to thymin, resulting in the amino acid

substitution Q287H. Neutralizing antibodies were first detected on day 12 p.i. in the
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Table 4: Neutralizing antibody titres determined in serum samples of all calves after
experimental infection with XIKE-A ( wild type sequence) or XIKE-B (H3467). Results
are expressed as the reciprocal of the serum BVDV-specific neutralizing antibody titers
against New York ‘93/C (10 """ TCIDs).

10

Example 2
Experimental design
Twelve pregnant heifers were selected from a BVDV negative herd. The following

group of 5/7 heifers were included in the trial:

15

No. Inoculation Virus
Group 1: 5 One i. n. administration, XIKE-A
3 miin each nostril
Group 2: 5 One i. n. administration, NY-93

3 ml in each nostril

Heifers were moved to the experimental facilities 8 days before inoculations.
Pregnancy status was confirmed after transport into the experimental facility. Heifers
»  were between days 60 and 90 of gestation on the day of inoculation. Inoculation took
place for all animals at one point of time with 2.5 x 10 TCIDse/ml of the respective virus

applied in 8ml tissue culture supernatant.

Heifers were monitored for the presence of clinical signs of BVDV infection including

s abortions during the observation period. The experiment was terminated 9 weeks after



38/40 * * * 8182 4096 4096 aninmals were euthanized on day 12 Table 4:
Neutralizing antibody titres determned in serumsanples of all calves
after exwerosezsnl infection with XIKE-A (wld type sequect®Eponoxs KE- B
(H3467?). Results are expressed as the reciprocal of the serum :
BVDV-speci fic neutralizing antibody titegs 10 agai nst New York "93/C (10
1, 7 TC DbfotiokX NGH-Bb8rte RSN W&%lagéﬁﬂe@é‘d Ty Yl?erﬂée&@ﬂlheaeérgﬁr&y%{e%
selected froma BVDV negative herd. The followng 1s group

hei f er s heetal pragrussuipias were collested Noring moctineheompyy ransl eXamingd ¥or BVOne
i. n. ad nltstratlon XIKE-A 3 m in each nostril Goup 2: 5 Onei. n.
admi ni st' %QISH NY-93 3 m in each nostril Heifers were noved to the
experinmental facilities 8 days before inoculations. Pregnancy status was
confirmed after transport into the experinental facility. Heifers 20 were

bet ween Ha@prmraadbfgetabﬁnfge%mwmedhpmnaiheem;etm‘n paramstat icom f"??;?gf;do“?mh@nf
0

t ook place s, at one, poi of time with 2.5 x 10
t he resprétffpg) °€H’Q§P egsl&dl%mln}prﬁq?y,%gww| of B DYy statad @hertionseand the
wer e MhimpEdof BYDIRRINLRAIGR Aliefhidlisal Sions of BVDY infection
including 25 abortions during t observation period. The experinent was
term nated 9 weeks after WO 03/023041 PCT/ EP02/ 09925 33 infection.
Non- aborted cows were slaughtered, the uterus exam ned and col |l ected.
Foetal organ sanples were collected during routine necropsy and exam ned
f or BVD\Resdulttecti on. The presence of fetal infection was the main
eval uati on paraneter, conposed fromthe nunber of BVDV-rel ated cow
nortality, the nunber of BVDV-rel ated abortions and the nunber of BVD
positive fet uges gt termnation. 10 Results: Goup 1

roup

Animal No. Conclusion

526 BVD abortion

598 BVD abortion

615 BVD abortion

618 BVD abortion

626 Heifer Died due to BVD
Group 2

Animal No. Conclusion

184 Heifer Died due to BVYD

203 BVD abortion

232 Heifer Died due to BVD

233 Foetus BVD positiv (viremic)
252 BVD abortion

267 Heifer died due to BVD

306 BVD abortion

15
Example 3:

The study aimed to assess the efficacy of BVDV isolates against foetal infection.
»  Efficacy of the NY93 infectious copy derivative BVDV recombinant (type 1) with a

deletion of the Rnase function in the E(RNS) protein XIKE-B (H349A) is investigated to

prevent fetal infection after an heterologous type | challenge.

Between day 60 and 90 is the most sensitive period for fetal exposure to BVDV.

Therefore in this trial heifers derived from BVDV-free farm (and confirmed seronegative



Ani mal No. Conclusion 526 BVD abortion 598 BVD abortion 615 BVD abortion
618 BVD abortion 626 Heifer Died due to BVYD Goup 2 Animal No. Conclusion
184 Hei f ewoDBmzBodue to BVD 203 BVD abortion 232 Heifer Dipet/EPozro99es BVD 233
Foetus BVD positiv (viremc) 252 BVD abortion 267 Heifer died due to BVD
306 BVD abortion 15 Exanple 3: The stud$4ai ned to assess the efficacy of
BVDV i s@draB¥B\gdavesbeémemalunizdddyisingle@xpbéireagith ®IKENB (NPB THdrestitpus
copy derivative BVDV reconbi nant (type I1) wth a deletion of the Rnase
functi oHeifﬁrstW@r@mnfﬁﬁét@%b%%n@m&)mmlﬁ, NYnas agiataisl are suppesasht

fetal i t: O, . f | . _Bet.xneen. 60Q. and
00 1's ¢ Reoabigy SebSfivElo I BRRREao  shsfiloe BB SRR es defth
this trivitls heid pefordesd. VR intemaBYD\Uts asr ém@ng@%mﬁ&ééﬁw tHS moRfeRiny €
WD 03/ 023041 PCT/ EP02/ 09925 34 for BVDV) have been imunized by a single
exposur 8ofnghroxtel wiection . thehieldhester heifers were inseninated and

bet ween day 60-90 animals, when animals are supposed to be highly
sensitive to BVDV fetal infection, a challenge infection with a wild type
field périmestapelesRyyed. The intranasal route for challenge was chosen
as this mmcs the s nhormal route of infection in the field best.

Exper i mteifers desiegnseleeiede fomene B\D¥c hedafivenhardBViven egifcry ewbes diesTde

heifers were tested K . . .
serologlcaﬁy and virologically negative for BVDV. The following groups of heifers were

1o included in the trial:

Group | Treatment Challenge No. of heifers:

BVDV Vaccinated | Challenged
1 None Type | NA 2
2 Isolate XIKE-B Type | 10 4

Group 1 remained untreated in the herd of origin until challenge. Blood samples were
s collected post-vaccination for buffy coat preparation and serology.
Inseminations started 4 weeks after immunisation for all groups. Group 1 was
transported to the experimental facility before challenge.
Heifers were challenged 4 months and 10 days after vaccination. At the day of
inoculation, pregnancy status was between day 60 and 90 of pregnancy.
20

The prevention of foetal infection was the main evaluation parameter.
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s BVDV challenge viruses

The virus is grown in BVDV free medium as appropriate, aliquoted and frozen at —70

°C [x10 Cl.

Type / designation:: Type |/ ncp KE#9

Passage level: 4

Composition: Isolate obtained from German field
Challenge dose: 10° per animal

Applied volume: 6 ml per animal (3ml per nostril)
Inoculation route: Intranasal

10

Vaccinations

The vaccination schedule is described in the Experimental Design Section.

Description: XIKE-B, live virus BVDV strain
Passage number: 10
Virus dose: 10° per animal

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

15



Passage | evel: 4 Conposition: Isolate obtained fromGerman field Challenge
dose: 10 er aninmal Applied volune: 6 m per animal 3m per nostril)

| nocul at iwo osozaoet | ntranasal 10 Vacci nati ons The vacci nCr@Eprozetesiul e i s
described in the Experinental Design Section. Description: XIKE-B, live
virus BVDV strain Passage number: 10 Vigdus dose: 10 per animal Applied
vaccine volunme: 2 m per animal ,Application route: Intramuscular (i. m)
15 WD 03/ 023041 PCT/ EP02/ 09925 36 Results: Rectal tenperatures 5 The
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| eukbcyf Be cleTmesalie Y@f"?ﬁe‘ﬁfer%%ﬁf@”sf% Brd | C ”?—Icﬁﬁé\?ér ang PQdHEF?‘é‘?‘J of

| eukoc r I ne
val e (HERuBRO Py S%gf)sﬂrﬁﬂ%y"“’?&"ﬁ“‘?ﬁgﬁgé FRRBL 8 A% Chrol o e
bi ol ogi tmhperatirgniff 3¢.a~C.or NdiDPH(=daysesost|iefekctioy) that sehursedite nehoahvale

Table 1 below. = Table 1. Individual nean | eukocyte counts 20 Goup 1 ID No.
Days poSt thenestdah (DPI)

» Leukocyte Counts

0 DPI values were considered as individual baseline for comparison. No lower limit of
leukocyte counts was defined in the study protocol. However, a reduction of leukocyte
counts by 40% or more, i.e., values reaching 60% of the baseline value (established on

s the day of challenge) or lower, was considered biologically significant.

Individual mean leukocyte counts are shown in Table 1 below.

Table 1. Individual mean leukocyte counts

20

Group 1
ID No. Days post infection (DPI)

o* 10 {12 14|16 | 18 | 20 {22 | 24 | 26 | 28 | 30
1249 | 11,2 2,8(11,3110,4| 9,6 | 8,6 |11,2{12,2|12,0|11,8(10,4] 7,5
1126 |10,0 3,2({14,2{11,0111,7]| 8,9 |12,6{11,4| 8,9 111,9]12,4| 8,3
Group 2
1200 {13,2]113,1{15,2|14,8|17,3|13,7{16,5(12,8{10,6|11,56{13,3{13,2}13,8{11,2(10,1{11,8
1217 19,4 18,0 | 9,4 |14,3}10,4]11,1]15,0 8,2 112,7]10,8}11,8110,3}12,2] 8,0

1197 |11,3(11,1]12,56111,8| 8,4 | 11,7} 9,0 : 8819512211211 9198185
1214 18919492 |10,2{12,8} 7,5 10,6} 7,7 7,6 111,1]10,7110,9}1 88 | 9,1} 7,8 }10,2
*O day samples were collected on the day before infection

> Baseline leukocyte counts were similar in all groups. While both heifers in Group 1
(infected with Type | strain) experienced a biologically significant reduction in leukocyte
counts (values highlighted with grey colour) after the challenge (maximum drop noted 4
— 8 DPI), the corresponding vaccinated heifers (Group 2) had no remarkable falls in

| leukocytes. The only exception was heifer N° 1197 who showed a significant decrease
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Virus isolation from fetal organs:
15

Group |Animal | Mesenteric Small Spleen | Thymus | kidney Stermum bone | cerebellum | placenta
D lymph nodes | intestine marrow
1 1126 + + + + + + + +
1 1249 + + + + + + + +
2 1197 - - - - - - - -
2 1200 - - - - - - - -
2 1214 - - - - - - - -
2 1217 - - - - - - - -

All heifers did not show any clinical symptomes typical for BVDV infection after

vaccination with XIKE B. After challenge heifers of group 1 had on at least one day
20  viremia, whereas in group 2 on no day after chéllenge viremia could be detected.

All fetuses from heifers of group 1 were positive for BVDV (all of the following organs

were positiv tested for BVDV by virus isolation (mesenteric lymph nodes; small
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preventing fetal infection after challenge with an heterol ogous chal |l enge
virus 10 belonging to the BVDV type | antigenic group. WO 03/023041
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conpl ement ary t of 8H3asD1 Nay 2nd anldast o of thepficilswirg alirdesjsymptoms of the
conplenentary to SEQID NO 1. 2 Inf ez;i ous BVDV, cl one, capable of serving
as a tenpl ate f8fO4YR ﬁ%@l"ﬁ'ﬁ‘gi%ﬁ"hﬁ?@ng r pExialpeting at legs ay yhen

i ntroduced i nt oirggét%%%iggg%dg\%ﬁfﬁPb-p@‘dsg’g#ﬁér 20 the generation of

i nfectious BVDV partic e cap y to induce viraem a and

| eukgpeni a i p) calitnesuthentical Mrulatte as canpheasto d wildytypa @\AV Ististe frome of
the follow ng clinical SBSEPLOHB of the group, conprising diarrhea and/or

pyrexi a | asti ngWich saeh MPigcUlp 8RS bepnedara@dianf/of dose of 6x106TCl D50;
and/ or 25 Q)

isolate f romcwmmhécﬁyé{%g h%%ﬁé%%@%iﬁé%%é@bﬁgnm%ﬁﬁé@? ﬁgﬁ%}) grsg(%ﬁv(ﬁ?ﬁg%/
are, when BVDV paihvsuckapartisledgrthdirforasieaet 80 W o Bactacealvepivaelied miriodfofdose
of 6x106TCI D50 with such particles, lethal for at |east 30 % of such
21 days; and/or
s d) with a virulence of not less than 90 % of BVDV particles comprising an RNA
with a sequence complementary to SEQ ID NO. 1; and/or

e) comprising a sequence complementary to SEQ ID NO. 1.

2. Infectious BVDV clone, capable of serving as a template for transcription into an

RNA, wherein said RNA, when introduced into susceptible host cells, induces

20 the generation of infectious BVDV particles .

f)  with the capability to induce viraemia and leukopenia in calves for a period
of at least 1 day and at least one of the following clinical symptoms of the
group comprising diarrhea and/or pyrexia lasting at least one day when
infected with a dose of 6x10°TCIDsy; and/or

25 g) with authentical virulence as compared to a wild-type BVDV isolate from
which such DNA molecule has been derived; and/or

h) which are, when BVDV naive calves aged from 3 to 6 months are infected at
a dose of 6x10°TCIDs, with such particles, lethal for at least 30 % of such
calves within a period of 21 days after infection; and/or

30 i) with a virulence of not less than 90 % of BVDV particles comprising an RNA
with a sequence complementary to SEQ ID NO. 1; and/or

j) comprising a sequence complementary to SEQ ID NO. 1.



calves within a period of 21 days after infection; and/or 30 i) with a
virul ence of not |ess than 90 % of BVDV particles conprising an RNA with a
sequence worplozdsent ary to SEQ ID NO 1; and/or j) conpri siPeg/EROTeENCe
conplenmentary to SEQ ID NO 1. WD 03/023041 PCT/ EP02/ 09925 43 3. DNA

nol ecul e according to claim 1, wherein the pyrexia of step a) is at |east

40 C BV article generated by t é scription using the DNA nol ecul e
accor di % to%\{\égéﬁ‘?ﬂ?iuﬁag@oﬁqmg @C%i@\/{,dl}/ S ERIPNE Q%é?tQﬂé) i3t leagtedO
transfectiono.gf suitable 5 cells or cell lines with said RNA and the

col l ection of the resulting BVDV particles produced by said cells. 5.

| nfecti eus BENDYyzetidle gebieeated.byl tndrestription US\HvHeyDRAZ6leeniR, actapdiblgaoof
serving as a&iﬁ?npl ate for transcription jnto an RNA, wherein said RNA
when i nt r odu&RIM heh 3usthe R VIBY Slonaaceasring to, daimaiibedranséegionciaitehlef
infectious B r b G L+ | il ' VT, 1,a and
I euképeni a i @gg{a\?gtseh?lbrgég\%%]e%IégQN%%ngﬁH??géIFaqorgggﬂhgﬂ'gggwﬁbe@@one of

the fol |l ow ngpalitles pabdsstobwsesidadellshe group conprising di arrhea and/ or
pyrexi a Iastiaﬁg at least one day when infected with a dose of 6x106TCl D50;
eC

and/or 15 1) InfectousBYENY 1 2 ¢langt ence as conpared to a wild-type BVDV

i sol i | derj ved: / whi ch
orer wndh VRl B B 2RISR 8o a8 SRR A SR BE tahst P os e
of 6x106TCl Diftoviri RNsUGHhdral sHHaNA] whBalintteducld ihersiscaBtiffetioss kbt@Es,a

calves within a period of 21 days after infection; and/or 20 n) w
vi rulence of indicasdbe gangnaion of bfedigog BPVipgridesonprising an RNA with a

SeaenCe O AR TR R e Pl B5 7 a8 0BRS¢
claim5 or 6, asf&faasct galzed dehstond DineTalenNeg BhicaFhPdNR oty 2
fragnment, functionhal variant, variant based 25 on the degenerative nucleic
aci d code, fusi @pupctaraprisingdiarricer andar pyeiia tasting atiersteok. day when
infected with a dose of 6x10°TCIDso; and/or
I [) with authentical virulence as compared to a wild-type BVDV isolate from
which such DNA molecule has been derived; and/or
m) which are, when BVDV naive calves aged from 3 to 6 months are infected at
a dose of 6x10°TCIDs, with such particles, lethal for at least 30 % of such
calves within a period of 21 days after infection; and/or
20 n) with a virulence of not less than 90 % of BVDV particles comprising an RNA
with a sequence complementary to SEQ ID NO. 1; and/or
0) comprising a sequence complementary to SEQ ID NO. 1.

7. Infectious BVDV type 2 clone according to claim 5 or 6, as characterized by the

DNA sequence of SEQ ID NO. 1 or a fragment, functional variant, variant based
25 on the degenerative nucleic acid code, fusion molecule or a chemical derivative
thereof. .

8. BVDV type 2 particle generated by in vitro transcription of the BVDV clone
according to any one of claims 5 to 7 into RNA, the transfection of suitable cells
or cell lines with said RNA and the collection of the resulting BVDV particles

30 produced by said cells.
S. DNA molecule containing a nucleotide sequence complementary to a full-length
- BVDV type 2 RNA.



8. BVDV type 2 particle generated by in vitro transcription of the BVDV
clone according to any one of clains 5 to 7 into RNA, the transfection of

sui t abl e weloB®230er cell lines with said RNA and the col | eeCir@mpronbosehe
resulting BVDV particles 30 produced by said cells. 9. DNA nol ecul e -
cont ai ning a nucl eoti de sequence conplegentary to a full-length BVDV type
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variant baseg gﬂaetn*ﬂeruﬁewr@hbh@ \ﬁéﬁ%h?bés@d?bﬁl th@aegenémvemum@éuﬂde or a
chem cal derivative thereof. 11. 'DNA nolecule according to claim9 or 10,

consi sting of:odhe‘usmquenlm:u&orawaw@imli\/a&vﬁ tiyersa’Q ID No. 1. 12. RNA

nol I t to the DNA nol | 3
one of df E?FF@@TE” e Pobgfing 1 b £ T Sorsstnbi R 60kl 3%0r "ol ai m
5to.7. ﬁy\% 15 Sil fh nebhe bytranscrlptlon of the DNA nol ecul e
Gim

of clai ml or or any one of clains 9 to 11, or the BVDV cl one of
claim21ar cIFHﬂMIemulemnmlam&n&rymo the DMNA ieldmde bbelaihd pradueBiaranyf an

i nfecti ous BVDV cl oma w/ld-t V | at d I, nfecti VDV
clone being HRAT @ﬁ% P i‘i m&@ O%T’fsé gaﬂr ' T‘Qﬁ&’%”@?% ?
compared s o SUA nibletbYibaihaBle Pirahoapt '&Qhé'm,%mcuz@fof%ﬁam or

i sol atlng ‘viral parficles froman I nfected ani nal passagi ng not nore
than tw ce owrlaimi3 abhay ceklofalaimsr®tat Im‘therBVID‘r/eqhme oiclaA2faranaitrhé ovi r al

particles; s) generating full-length conplenentary DNA after reverse
tranycrlptloﬁ%m5%7 RNA; wherein the reverse transcription includes a

t t €
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said enzyne hedlae, aaid weect@mtmﬁw oﬁir&a/laélag doemplemehtarg$o at RNArttavinpr at i ng

the conplenentary DNA (cDNA) into a plasmd vector or into a _DNA virus
capabl e of diaudgnticg! wﬁ@lenpar%cqqnmarsﬁ tesaphmidiymeiselats, ¢@aprising the steps

of
15 p) isolating viral particles from an infected animal;
g) passaging not more than twice on suitable cell culture cells;
r) preparing RNA from the viral particles;
s) generating full-length complementary DNA after reverse transcription of the
RNA: wherein the reverse transcription includes a step at elevated
20 temperatures sufficient to break or reduce secondary structures of the RNA,
and the use of a thermostable enzyme for this step, said enzyme being active
at these elevated temperatures;
t) incorporating the complementary DNA (cDNA) into a plasmid vector or into a
DNA virus capable of directing the transcription of BVDV cDNA into RNA
2 upon infection of suitable cells.

15.  Method for the production of an infectious BVDV clone from a wild-type BVDV
isolate, said infectious BVDV clone being complementary to a RNA having a
virulence of not less than S0 % of said wild-type isolate, comprising the steps of
u) isolating viral particles from an infected animal;

30 v) preparing RNA from the viral particles;
w) generating full-length complementary DNA after reverse transcription of the
RNA; wherein the reverse transcription includes a step at elevated

temperatures sufficient to break or reduce secondary structures of the RNA,



25 upon infection of suitable cells. 15. Method for the production of an

I nfectious BVDV clone froma wld-type BVDV isolate, said infectious BVDV
cl one beiwg osozphenentary to a RNA having a virul ence of POOEPIEE®2% han 90
% of said wild-type isolate, conprising the steps of u) isolating.viral
particles froman infected animal; 30 v).preparing RNA fromthe viral
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bl s d or 1 pt O ETREbAL ofSTEBHbTE RS PUCH NG VO LN SLP A SR8 | BVDY
CDNA into RNA u | f et suitable cells. 16. The nethod of claim
14 of 15, \/\herellplﬁgbtt%g @,&@%B%Q{she RNA is transcribed using RACE. 17. The
met hod db. cl Jihe rhéthoshefrataim RAGE 155 whiarein dide dlendiof theaRNAeisrsisabibed using

pol ynmerase all owi ng reaction tenperatures of at |east 42C. 10 18. Method of
BVDV at t enuafRAfAE- or conprising introducing one or nore nutations into the

DN ol aqul e 1qf, BLBION dr Qlinf 18! hde FARYE REaflod vt &4t Grbatls | 10

the i nfectious one of claim?2 or C or clarm rein

said nutati alereragballiowisg reatiohdemperatarensikatdnast 4ZQuat ed phenot ype of
the recovered BVD virus. ,s 19. Method of attenuation of a BVDV strain,
conpri silfy t Metbpdgf BMDY ptteptalben Qrigmamising intindsicing ane ehsdrantehendna

"ot ecti ous. VA0 Bb QA sfoRRe ot SR er SR of oy Hhs.tebftitgio €11, Yrintde
i ntroduci ng the infutRd ARV ¢18he of eRHRIT bbtigiM Assr clgin § totTe Wlcheipaiaid DNA i s
20 transcribed into RNA or introducing an RNA transcri bed from sai d DNA
into said c énutetiom el mutations lead to or increase an attenuated phenotype of the
recovered BVD virus.
5 19. Method of attenuation of a BVDV strain, comprising the steps of
y) introducing one or more mutations into the DNA molecule of claim 1 or claim
3 or any one of claims 9 to 11, or into the infectious BVDV clone of claim 2 or
claim 4 or clam 5to 7;
z) introducing the mutated DNA into susceptible host cells wherein said DNA is
20 transcribed into RNA or introducing an RNA transcribed from said DNA into
said cells; and
aa) collecting viral particles produced by these cells;
wherein said mutation or mutations results in attenuation.
20. Method of claims 18 or 19, wherein the mutation or mutations is a substitution,
25 deletion, insertion, addition, or combination thereof.

21.  Method of any one of claims 18 to 20, wherein the mutation or mutations is in the
glycoprotein E™ and causes impaired or loss of function of the mutated
protein(s).

22.  Method of claim 21, wherein the mutation consists of

50 bb) deletion of all or part of the glycoprotein E™; and/or
cc) deletion or substitution of histidine at position 300 of SEQ ID NO. 1; and/or

dd) deletion or substitution of histidine at position 349 of SEQ ID NO. 1.



aa) collecting viral particles produced by these cells; wherein said
mutati on or nutations results in attenuation. 20. Method of clainms 18 or
19, wher ewo oshesomut ati on or nmutations is a substitution, PRI/Eber/evrdN,
insertion, addition, or conbination thereof. 21. Method of any one.of
clainms 18 to 20, wherein the mutation Opgmutations is in the glycoprotein
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conbination with a pharmaceutically acceptable carfier or excipient. 25.
Use of a att aramntfactuBybi/a yaosiaedor therpriophylexis alidtyeaimentaif BV infettiens.
manuf acture of a vaccine for the prophylaxis and treatnent of BVDV

i nfections.



