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present invention relates to the field of aninmal
heal th and in particular to conbinantion vaccines
whi ch conprise an attenuated bovine viral diarrhea
virus (BVDV) and at |east one further imunol ogi cal
active conponent for treating or preventing di seases
or disorders in cattle caused by infectious agents.
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first protein encoded by the | ong open reading frane
wo poovher3pesti virus RNA. N' represents a nonst r RCT/USAND6/060918
protein that has protease activity and cl eaves itself
of the nascent polyprotein (Stark et al., 1993;
W skerchen et al., 1991) presumably already during
translation. NP" 5 is a cysteine protease (Runenapf
et al., 1998) that is not essential for virus
replication (Tratschin et al., 1998). Recently, it was
shown that NP sonehow interferes with the cellular
antiviral defense so that it can be hypothesized to
nodul ate the i mmune systemw thin an infected host
(Ruggli et al., 2003). Mayer and coworkers presented
i ndications for an attenuation of CSFV in consequence
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Al t hough PI-3 is capable of causing disease, it is
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initiator that can lead to the devel opnent of
secondary bacterial pneunonia. dinical signs include
wWE0eA1393 cough, serous nasal and | acrimal di SBCTHU§®06/060918
increased respiratory rate, and increased breath
sounds. The severity of signs worsen with the onset of
bacterial pneunonia. Fatalities from unconplicated
Pl -3 pneunonia are rare. Lesions include cranioventra
| ung consolidation, 5 bronchiolitis, and alveolitis
wi th marked congesti on and henorrhage. |nclusion
bodies may be identified. Most fatal cases will also
have a concurrent bacterial bronchopneunoni a. Bovine
Respiratory Syncytial Virus (BRSV) is an RNA virus
classified as a pneunovirus in the paramyxovirus
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and/ or degeneration of bronchiolar epithelium 30
al veol ar epithelialization, edema, and hyaline
menbrane formation. Bovine Herpesvirus (BHV-1) is
associated with several diseases and synptons in
cattle: Infectious bovine rhinotracheitis (I1BR)

i nfectious pustular vulvovaginitis (IPV),

bal anoposthitis, conjunctivitis, abortion,

encephal onyelitis, and mastitis. Only a single
serotype of BHV-1 is 3 WO 2007/117303
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recogni zed; however, three subtypes of BHV-1 have been

descri bed on the basis of endonucl ease cl eavage
w@aiore173s3 of viral DNA. These types are referredl/Us2086060918

BHV-1.1 (respiratory subtype), BHV-1.2 (genita

subtype), and BHV-1.3 (encephalitic subtype).

Recently, BHV-1.3 has been reclassified as a distinct

her pesvi rus desi gnated BHV-5. BHV-1 infections are

wi despread in the 5 cattle population. In feedl ot

cattle, the respiratory formis nost comon. The vira

infection alone is not |ife-threatening but

predi sposes cattle to secondary bacterial pneunonia,

which may result in death. In breeding cattle,

abortion or genital infections are nore conmon.
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vagi nal discharge for several weeks. In bulls, simlar
| esions occur on the penis and prepuce. BHV-I

i nfection can be severe in young cal ves and cause a
general i zed di sease. 30 Pyrexia, ocular and nasa

di scharges, respiratory distress, diarrhea,

i ncoordi nati on, and eventually convul sions and death
may occur in a short period after generalized vira
infection. IBRis rarely fatal in cattle unless
conplicated by bacterial pneunonia In unconplicated
IBR infections, nost |esions are restricted to the
upper respiratory tract and trachea. Petechial to
ecchynotic henorrhages may be found in the nmucous
nenbranes of the nasal cavity and the paranasa
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devel op in the nose, pharynx, larynx, and trachea. The
wo e®r01s03my coal esce to form pl aques. The si NPGEESHENE060918

often filled with a serous or serofibrinous exudate.

As the disease progresses, the pharynx becones
covered with a serofibrinous exudate, and bl ood-ti nged
fluid may be found in the trachea. The pharyngeal and
pul monary | ynph nodes may be acutely swollen and 5
henorrhagi c. The tracheitis may extend into the

bronchi and bronchi ol es; when this occurs, epithelium
is sloughed in the airways. The viral |esions are

of ten masked by secondary bacterial infections. In
young animals with generalized BHV-1 infection,

er osi o%ee@%e&ll&&@ﬁl&o@%ﬁa‘yh@iﬂ?ﬂ VMmtnlgcheadlﬁnblEslon§ nwalep;gtoffog:und
in the NOSEn s‘?n?fs%’sp %Qéil ed A .ﬁr e téPJf{B&c!ﬂ exglatp 294, jeLSQ”

white foci oun een

and | ro esses, tlaéharynxl&%omes cov(e]red Mtl{asero%bnnous exudhte and oog ¥ ged ﬁl? may |
necr ot Pecf°“r“‘é%‘f‘edﬁ°§ea TPphavpeed o PRy Jé’@‘ “°“61Ray Wi‘i“‘&'h SW&'P'éa"“
espeti HIPeelsi B [t Fp (B joio A Oronc, i fieiplesg Mhery ik ggeus,
Bovi ne cHRekypmiisrsiqyetyd {p he/pirveps dhe vigh lpeonsaesefien impflerh by sfepndary beptgrial
bei ng infasfignk. reyghung MimBRID gendBlingd FHY-1lirdrctioe gresions g ulderspgednidiydie n
I NPl i Cadb@ chayi btfoB &N B nsk, esthh @ ABIEGestonadAC In biiditidd GvhiBRB mayBofsinn €
adenoV infid Bver, KURG, spReHEdd 13556k AboRd fedddestntly tdve YRl SRRENEISAM
of di SRaABESes, siMilidh GV MEisBEERONL T US type 3 being the
is serotype nost often associated with BRD. Two

ser ot yReumber of a \ﬂovme Rgs I'Erlatg]tyonlrug su Sverl])éaety 1 eng}g as bem mvong @%
to cause, r her

vi ruse&§”% "ﬁ?ilrg%"c’f:’éf “F&X%‘é‘phé*’ée% 88%“%1*’% %Sam \‘/‘\hd'tdﬁg EﬁD““ﬁecaf‘e&%“é’s
bovi ne¥ EEVAPIHE! M8 ALEE BT FEEIsessh VLB AT UYe 3 tHede
Vi r Us e Eropsveestpiiyn gsesiagq yfh| BRP- Tirogserptypes bty thippvirgg iy been
previ ousknzedde geursssiady it ifiggps in agle. SbarioiuarErotyh o\ ddciated
ot her sthBBB BOUIShovire Fe@ifusCaEovBi faNi@oron@Bus] Thisd vingds BiF e ro@fsimilar
bact er ok oiRNE LR PEIioakly Bie\sheli the G cOHbRAMib WillS otHerStre@br& Bey can serve
CONMMDN bsnit@&r$P Gabehbs Grdurmfliad BbvikblcadnlrRR R a1 QonkniOnly e Mi€Svith diskrhea
repl) catgs k .@pl.za!ssqn bk NG dr HpRf mtaﬁy HRRA e Cdbyi B0 BL Y
tract a[éste \J ere llner dl?cgstserlaro FSX)HSQO rotavfrus ut glso mfel::u: lg epl ellg ’cellsW'P ﬁr e
: :i] f g(r:?s Lglf Fe]tgtme ] Fr%dll]ce Ttro:alz;i o§ ep r\fmc rl%fs taﬁlge\s/ IanTr ngt?lvgaleaHe flg] reve tlon ﬁ)é
to pro&ﬁ?@”&?WﬂBﬁV”ﬁf the col oni ¢ ridges. VaCC|nes are
not available for prevention of these vira

r espt r Gevise rgravidis & ehgmeigommpryirBegysp of diarthes in calvpsyQuegp 4 agd B ofevinypye t
C O MO N inyoivedetut soepUASShe@hst mivantraiiigiicallnimpradniagisontay sover sty d
B r ot avi difttg afn@nce. | RI@hsVigOateshibl tihe GHatGrel PosofptiveSand g mEB@licing
preval etocy@dWd w6 bili B e @i yltejtlﬂpaﬁlﬁgMptuﬁ A sIGuRHMe 3d k& Snterocytes
sever alwnthSrQJasQ LMR@% mféglfadjgénf rLl@ rRotE‘gus\&eI IHJ 1@&% mJBQIe @e“J dr W
rep | 3JJ c %p@ S\hgih urulterhs%alﬂgttr&a(uﬁls %Pn?s%f Ql‘eloé{rﬁ i tI]e ,ablllty of tlEeF]ntestmal

enzy I'TE rs (t)o I'L]IJBCE rt]‘lgm hence vqlous E%g‘n 18 reduc w1th a cons u ‘ creas |n mtestlna]l_
smai | Htest S I'ng" 0

t he en?@?ﬁ???@%m”ﬂﬁWﬁm? @%%é%” PWVWrus to |nfect

adj acent cells. Rotavirus does not infect the i mmature
cel | s @fther pipyes. Deudiag Brede grus, ajplicHiks irps Jdemeprussstroyyup apd Bervovirus,
rotavirus, the |l oss of enterdcytes exceeds the ability
of the intestinal crypts to replace them hence,
villous height is reduced, with a consequent decrease
in intestinal absorptive surface area and intestina
di gestive enzyne activity. Qther viruses, including
Breda virus, a calici-like virus, Adenovirus,
Astrovirus and Parvovirus, 5



WO 2007/ 117303 PCT/ US2006/ 060918 have been
denonstrated in the feces of calves with diarrhea and
wae@anwprsaiice diarrhea in calves experinental | PCT/US2006/060918
However, these agents can al so be denonstrated in the
feces of healthy cal ves. The inportance of these
agents in the syndrone of neonatal diarrhea has yet to
be determ ned. Manheinm a haenolytica (fornerly
Pasteurel |l a haenol ytica) biotype A, serotype | is the
bacterium 5 nost frequently isolated fromthe |ungs
of cattle with BRD. Although |ess frequently cultured
than M haenol ytica, Pasteurella nultocida is also an
i nportant cause of bacterial pneunonia. Wen
pul nonary abscessation occurs, generally in
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multocida is associated with a | ess fulmnating
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contrast to M haenolytica, P. 30 nultocida is
associated with only small anpbunts of fibrin
exudation, some thronmboses, limted |ung necrosis,
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Haenophi | us sommus i s being increasingly recognized as
an i nportant pathogen in BRD;, these bacteria are
normal inhabitants of the nasopharynx of cattle. H
somus i nfection of the |ungs



6 WO 2007/117303 PCT/ US2006/ 060918 results in
pur ul ent bronchopneunoni a that may be foll owed by
waepriicsn a and i nfection of nultiple organs. PCT/US2006/060918
Cccasionally, H somus is associated with extensive
pleuritis. H somus can cause an acute, usually
fatal, septicem c disease that can invol ve the
nervous, nuscul oskeletal, circulatory, and
respiratory systems, either singly or together. The
reproductive systemis often affected but 5 usually
W t hout the other systens being clinically invol ved.
The di sease nay be characterized by fever, severe
depression, ataxia, weakness, blindness, coma, and
death within several hours to several days. It occurs
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l arynx and m ddl e ear have béen recorded). The
susceptibility of individual animals and variations in
the preference of strains of the organismfor vessels
in different tissues may be inportant in the

devel opment of the form of disease, but the 30

mechani sms i nvol ved are inconpl etely understood.
Reproducti ve problenms may not necessarily be preceded
by bacterem a, but the pathogenesis is poorly defined.
A fever as high as 42C is often the first sign of

di sease; however, this usually falls to normal or
subnormal wi thin hours. Qher findings



are determ ned by the systen(s) involved and nmay
include rapid respiration, stiffness, knuckling at

wo b@7fieBhdcks, severe depression, ataxia, parabgBUS2006/060918
and opi sthotonos, followed by coma and death 7 WD
2007/ 117303 PCT/ US2006/ 060918 w thin several hours.
Affected animals nmay be blind, and retinal henorrhages
with gray foci of retinal necrosis are sonetines seen.
Signs such as hypersensitivity, convul sions,
excitenment, nystagnus, and circling occur
i nconsistently and may be related to the regi ons of
the CNS affected in the course of disease
devel opment. Cccasionally, animals are found dead,
indicating a rapidly 5 fatal course. A marked change

in the wrthgts@l:ral ﬁdﬂ&i Aﬂ‘écfecr ﬁl‘nﬁma& §J bllm rgtgéll Mnor}h%esm l?ocn of
| eukop ?Pnaﬂ,e and,.. !l%é:’ik& Q%ﬁ @|gr% ok %Ur[ypels H % EV (%Ev%élonﬁ%x%éjniny

acut e, ﬁ%affcted
pr esenf” 4 1@ F

cell ¢ 8111']%1”“6?“ ’E‘i’i*’ée "C’gﬁpmf"é °ffﬁ‘r°‘!2‘€d1“‘§?‘"]i Wé?"%dé’éa&d’d‘“ﬂﬁd rapidly
neut t offiipuge A gt Brperisiiedc i fifernye §’§1E>t°}mé'éf?1‘"a°" Igukppenia and

Or gani sstreesainoctyen feeeonrly ece. falalivgeds| Wity deutrophylia vy beabresen in lpsg) |
CSF,  lpremidisease K TV fhs total g¢lli cppe, of hCHF & mahedly @ibrypsed fand otulvptils

Or gans preddfi@te | DRk @iSemA) 1@ oAidt AL be@dcdvated GonDYood/ &BRial lflEld, CHFD

t hr onb ega, %idrdy3 Clrie thBS Galicky QR otk ordald €18 leiohs QbR Ghkabk@zell bySiGshfEar
Rando Muymidlisshd ihbdbeCel nd &cbutaRy RO WA Ghuritiba redE6ER FdeiSor
with h ﬁegpsrs rmgﬁorrgage Jnrt!l'@ su?‘f%g ]:m@ Q@ seg"iglg otctlr!et braﬁl%t sbu%pc%rd orgtmt he

brain 3!;](?{13] m&l ocagilo f qddn r,elr!:tolstll;l]eabnd s?k alre cl araltensqu % Abrmbpurulent
myocar &1 it estine,

char actEFF LTS S0F PRPTREBIRPRaH ~ R PHar e

cl oudy? EEBFEWWWSP%“B'I%@EJP‘ e SO af“ﬁé‘”@‘th’sr Fat@nyrnt he
brai'th attdssepiciasitimadeyelep altepaippme infechont yser ositi s,

especially of joints and pleura, may occur. An acute
fibri nosxad o AR @PRE MO Drbaplasmds 8 BRD telirds beBS UeBnitIe O OFbrs
may  devae beagaovadd i@k theddspir@y A ofinthbrRGhbiicQigs, bultht@re@*@ Gl isoktdh €
of NyCQRLASHRS AR ChspidioR ARtk B8EBFhe InfdopRIRE ErbHdihl EcBSreddRih thE T
def ipi ¥uhg9£}pnelMA;9c0cQLe§'.§JE§e§4ymﬁ.§Da J%ﬁw W&ﬁa\lﬁ{bﬁﬂ Jaﬁ%@:&ﬁ%pp

us, and c1rc§ng occur 1nc0nsnstantly an(r| maé aP RlEegIO{lS oy th:

][ es pl r @%enm n,alt mfec %{15 usoually resulle ll?lz?pyaren ng'ld sngns 0 resHﬂatory Hlsease (135 does
r eQUe (i:t recluceta neagtstlcdole f‘or méco as ,n con uncnon th Viruses and bactena . RD.
respiratbry F Opl ashas.co Y
11

recoveP@&“F?ﬂH?ﬂﬂ%“Zﬁmwﬁﬁbgd8?“ H@Bh%ﬂ*%iﬁﬁﬁva%”““

i ncl ud &N o P AR BIUEP e e BHIOUEIPRIHBY itake P Rricyeck for

Ur eapl aanieef bgepenismsExperi mental infections usually

result in inapparent to mld signs of respiratory

di seas ebamfdib BveQl@LBentifiROL vaflis@ét fthewdd 8 Y ARE ¢ bnsdotic GnelnOdin
for nycop! A BR&ivd enGOOd AL plifd . Yk Rspiatoly USIRS 18 Ehives have
bact er bra)erheg ofﬁ%o pal-eéh PR3 angs%@grtd spﬁlg reéoﬁgb Menteshnal infections
peribronchial of%ﬁa mH%Jeép %&H&!BL Ohaheenl VRS pn%u%ic g /nd

alveollagesan ani sns re

q'{ms tHe Cg trz}ﬁ i n% : 8e consndereg g an lmportaglgltée mn qhe p%thogenws V?é K

.pigs

speci af*'medIs a

for 28%gy BJ\AK‘fﬁ“wBsf a“E‘I’“rsea 61‘“65???‘*%?‘?5““ Feath/di °é% sﬂsa\?‘éa‘“ﬁdéaén
i dent i PO P afesrd Gurs vrap visle Gpee plfendiigsy  oellas el A8 et of
enzoot peergsn oD ey diqand I denplrica haThyen dempeytated fxpeamepiglie (belvef s
Chl anydi a psi#aci . Sonme res@iratory isolates from
cal ves have properties of imunotypes | and 6 and are
simlar to strains recovered fromintestina

i nfections 30 and abortions of cattle and sheep.

| munot ype 6 has been recovered from pneunoni c | ungs
of calves and pigs. Thus, the @ tract nust be
considered as an inportant site in the pathogenesis of
chl anydi al infections and as a natural reservoir and
source of the organisns. Chlanydi al




pneunoni a has affected cal ves under a whol e range of
conditions as well as on dairy farns. A synergi sm

wheiore€r3ohl anydi a and P. haenol yti ca has beenPCT/US2006/060918
denonstrated experinentally. Calves 8 WO 2007/117303
PCT/ US2006/ 060918 wi th chl anydi al pneunoni a are
usually febrile, lethargic, and dyspneic, and have a
serous and later rmucopurul ent nasal discharge and a
dry hacki ng cough. Calves of weanling age are affected
nost frequently, but older cattle may al so show signs.
The acute pulnonary lesion is a bronchointerstitial
pneunoni a. The anteroventral parts of the lungs are
affected but, in severe cases, entire |obes can be 5
i nvol ved. The dry cough is attributed to tracheitis.
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not common. |In herds not managed intensively, disease
may be noticed only when pregnancy exam nations
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are primarily 10 WD 2007/117303 PCT/ US2006/ 060918
restricted to the kidneys. Brucellosis is caused by
bacteria of the genus Brucella and is characterized by
abortion, retained placenta, and to a | esser extent,
orchitis and infection of the accessory sex glands in
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bi son [.gikARGHARI MOSt exclusively by Brucella
abort us; homever Brucella suis or Brucella nelitensis
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i ncluding man) may spread infection. Brucellae have
been recovered fromfetuses and from manure that has
remained in a cool environnent for > 2 no. Exposure to
direct sunlight kills the organisns within a few
hours. Abortion is the nost obvious manifestation.
Infections may al so cause stillborn or weak cal ves,
retai ned placentas, and reduced mlk yield. Usually,
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30 health is not inpaired in unconplicated abortions.
Sem nal vesicles, anpullae, testicles, and

wepiodittipnd des may be infected in bulls; therefBPCBUS2006/060918
organisns are in the senen. Agglutinins nmay be
denonstrated in semnal plasma frominfected bulls.
Testi cul ar abscesses may occur. Long-standing
infections nmay result in arthritic joints in sone
cattle. 11 WO 2007/ 117303 PCT/ US2006/ 060918
Acti nonyces (Corynebacterium pyogenes causes sporadic
abortion in the last trinmester. Rarely, the incidence
in a herd may reach enzootic (64% |evels. The
bacteria are present on mucous nenbranes of many
normal cows, as well as in uterine and abscess
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and RBC levels are quite |low. 30 The duration of
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nortality in untreated animals is -95% Sone cattle
suffer from subclinical attacks of the disease and
wWo b@raaf3ver act as i nmune carriers. Dehydrati oPCT/US2006/060918
anem a, and sonetines subcut aneous edena are present.
There is bloody fluid in the abdom nal and thoracic
cavities. The lungs are not grossly affected, and the
trachea contains bloody froth with henorrhages in the
mucosa. The small intestine 12 W 2007/117303
PCT/ US2006/ 060918 and occasionally the |arge
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contain free or clotted blood. An anemc infarct in
the liver is virtually pathognononic; it is slightly
el evated, lighter in color than the surroundi ng
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di m ni shes. General signs include prostration and
trenmors. Death occurs in 12-4t hrs. In sone cattle,
the lesions are restricted to the nyocardiumand the
di aphragm with no reliable ante nortem evi dence of
the localized lesion. 30 dostridiumnovyi has been
suspected but not yet confirmed as a cause of sudden
death in cattle and



pigs fed high-level grain diets, and in which
pre-existing lesions of the liver were not detectable.
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damage hepatic parenchyma, thereby permtting the
bacteria to multiply and produce a | ethal anount of
toxin. Usually, death is sudden wth no well-defined
signs. Affected animals tend to | ag behind the flock,
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subcut aneous tissues provide conditions suitable for
grow h of pathogenic clostridia, and the breaks 30 in
wo b@7aki3ms of f er an opportunity for their entraPCBUS2006/060918
Infection with C. perfringens types A B and C causes
severe enteritis, dysentery, toxem a, and high
nmortality in young calves. Types B and C both produce
the highly necrotizing and lethal R toxin that is
responsi bl e for the severe intestinal damage. This
toxin is sensitive to proteolytic 14 WD 2007/117303
PCT/ US2006/ 060918 enzynes, and di sease i s associ at ed
with inhibition of proteolysis in the intestine. Sow
colostrum which contains a trypsin inhibitor, has
been suggested as a factor in the susceptibility of
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and intestinal tracts. In no$t cases, it is introduced
into the tissues through wounds, particularly deep
puncture wounds, that provide a suitable anaerobic
environnent. Infection with Sal nonella spp can
produce diarrhea in animals of all ages, especially
those that are stressed, closely stocked, or exposed
to a heavily contam nated feed or water supply.

Sal nonel l osis 30 is caused by many speci es of

sal nonel | ae and characterized clinically by one or
nore of three major



syndrones-septicem a, acute enteritis, and chronic

enteritis. The incidence has increased with the
WO paoensi3dd cati on of |ivestock production. YounPCTHE2008060918

usual |y develop the septicemc formAdult cattle,

devel op acute enteritis. Conic enteritis may devel op

occasionally in cattle. Pregnant animals may abort.

In older animals, the disease is manifested by

dysentery and toxem a, and nortality can 15 WO

2007/ 117303 PCT/ US2006/ 060918 be significant. Wile

many ot her Sal nonella spp may cause di sease, the nore

relevant in cattle are S. typhinurium S. dublin, and

S. newport Although their resulting clinical patterns

are not distinct, different species of sal nonellae
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| arge nunbers in feces of infiected animals, and
infection is acquired by ingestion of contam nated
feed and water. Introduction of the disease into a
clean herd is usually by subclinically infected
carriers. Infection is acquired early in life, but
clinical signs rarely develop in cattle < 2 yrs old.
Resi stance increases with age, and cattle first
exposed as adults are unlikely to becone infected.
Most cal ves are infected soon after birth either by
nur si ng udders contam nated with feces from



30 infected animals or by being housed in contam nated

pens. The organi sm can al so be present in colostrum
w@pa7m13k3 of i nfected cows, and intrauterine | PEEUS1006/660918

have al so been descri bed. After ingestion, the

bacteria i nfect macrophages in the nucosa of the |ower

small intestine and in associated | ynph nodes. Mbst

animals will elimnate infection by an early

cell -nedi ated i mmune response that encourages

m crobi cidal activity in macrophages. In susceptible

animals, the 35 organisns nultiply and provoke a

chronic enteritis that leads to clinical disease. This

may take nonths to years to develop and is usually

paral l eled by a decline in cell-nediated inunity and
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cotyl edons may reveal the organisns; if not, tissues
may be cultured in enbryonating chicken eggs.
web@raimsm i s usually sporadic in cows, but an PUI/NE2006/060918
chl anydi al vacci ne has been used in cattle. 30
I nflammati on of the mammary gl and (mastitis) is al nost
al ways due to the effects of infection by bacterial
or nycotic pathogens. Mastitis may be associated with
i nfection by many other organi sns, including
Streptococcus uberis, Streptococcus dysgal acti ae,
Kl ebsi el l a spp. Pseudonobnas aerugi nosa, Actinomyces
pyogenes, Mycopl asna spp, Nocardi a asteroides,
Serratia, Mycobacteriumspp, Costridiumperfringens,
Pasteurell a spp, yeasts, and Prototheca spp. 35
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(BVDV type |) Fig. 3 Serum neutralisation assay

agai nst NY93/C (BVDV type 11)




Al'l subsequent sequences show the del eted regi ons

i ndicated with dashes (-), which are also 25
woubersa whereas the sequences in the sequenk€r/US2006/060918

listing attached hereto are continuously nunbered

wi t hout the del eted regions or am no acid codons. SEQ

I D NO 1 XI KE- A-cDNA sequence SEQ I D NO 2

XI KE- A- NdN- cDNA sequence 30 SEQ | D NG 3 Xl KE- B- cDNA

sequence SEQ I D NO 4 Xl KE-B- NdN-cDNA SEQ I D NO 5

XI KE-A am no aci d sequence SEQ I D NO 6 Xl KE- A- NdN

am no acid sequence SEQ ID NO 7 XIKE-B am no acid

sequence 20 WD 2007/ 117303 PCT/ US2006/ 060918 SEQ ID

NO 8 Xl KE-B-NdN ami no aci d sequence SEQ I D NG 9

XI KE- C-NdN am no aci d sequence SEQ ID NO 10

Xl KE- CshiDng PNA :&80IER Gfno acﬁE‘QmJ,cp NO 11 XI KE- C- cDNA
sequeng@ 1§N§EQ LNt 2SS @M N0 aci d sequence
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cani cokndpt leiseprtanig pIBHV. GRIVORLE CypHOSer, fetus, LD S{DicalagLeptospira
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i ct er OBaRBTIRY LG ardjo-boRP! QiRdbifa ActerdiRkufbirgias EPbsAIS Potisd
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According to a more preferred embodiment, the present invention relates to a combination vaccine

for the treatment and /or prophylaxis of caftle against viral infections of the respiratory and

reproductive system in cattle caused by BVDV, PI-3, BRSV, IBR and/or BHV, wherein said

vaccine comprises at least an attenuated BVDV as described herein and at least one further further
21



25 preferred enbodi ment, the conbi nati on vacci ne
conprises an attenuated BVDV as descri bed herein and
wa@eooresesv3 one anti gen of BHV, BRSV, PI-3, CanppdDbsznne060918
fetus, Leptospira canicola, Leptospira grippotyphosa,
Lept ospira borgpetersenii Leptospira prajitno,
Leptospira hardjo (Leptospira hardjo prajitno and
Lept ospi ra hardj o-bovis), Leptospira
i ct er ohaenmorrhagi ae, Leptospira bovis, Leptospira
i nterrogans and/or Leptospira ponoma. 30 According to
a nore preferred enbodi nent, the present invention
relates to a conbi nation vaccine for the treatnent
and for prophylaxis of cattle against viral infections
of the respiratory and reproductive systemin cattle
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materials are now descrl bed. All publ i cations
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whi ch might be wused in connection with the invention.
Not hi ng herein is to be cons2¥ued as an adm ssion that
the invention is not entitled to antedate such

di scl osure by virtue of prior invention. The term
"BVDV' as used herein refers to all viruses bel ongi ng
to species bovine viral diarrhea



25 virus (BvDV) type 1 (BVDV-1) and BVDV type 2
(BVDV-2), including any sub-species such as l|a, |b,
wWQ@2007211393 and the like in the genus Pesti vir uspei/ukion6/060918
the famly Flaviviridae (Heinz et al., 2000). The
nore classical BVDV type | strains and the nore
recently recogni zed BVDV type 2 strains display sone
limted but distinctive differences in nucleotide and
am no acid sequences. 30 "Protein C' or "C protein" or
"C-protein" as used herein relates to a structural
conponent of the pestivirus virion (Thiel et al.,
1991). "Protein C' is the capsid or core protein of
pestiviruses. Said term depending on the context,
may also relate to the "Protein C' with one or several
am no acids exchanges resulting fromnutation of the

encodi ?}g «ﬂl} %heagudgs%o gg&"rﬁﬂe?%'the %‘glpr n %Q‘Qﬂ 1111'3%0;3 eading ,
gat g(ﬁves ifse fro e rest ofthesynlhesned polaprot in (Star] eha? JQ’orchr.a FI %gsel n

PCT/ US?
rel ates t

readi ng™} ?%W‘*i’f&et‘ 6‘61 g‘é‘\/ Y ERAAEIPV) %ﬂ&ﬁ%& e fre 'ftex't he
synt he&PZEU IHOP P FEEtEE il ( Qpigg geids afgr myfption of the enggdipgyjucleotide
67 708 &auerngyng the qulggl)c}eomyvsgv@@p @lhech)roteeﬂtselé[ Proteasg,qctrvgz] residing in
65: 450828 ded to (hd QBEYe clefBag adlivityefsaid “Nependi ng on t he
context, 5 may also relate to the remaining "N "

am No  @Gckivck®n ANEQY usdd bkef tmkedd the @veriibhr BRGREE B@ciHUEhSBbbIE €
S €qUE N GeuRhodfidngladd Gry 6rREH v GhurACTh £0rck QA CmbSEAbh B Gitanbrrevemiti d
pr ot ei Q’ c&ngld%l%ll)f reduc&s@n% Q‘Ier%@r%eeof ﬁ‘gwmvtﬂelinyuct{o#& %mqlltepfgon rébons“?the

relates ta the poly 1] %z&gq vaeact|V|tN,,,oful§ I d
“NPFOT T TRACT VAT e GBI pdrr e ot Bl

pr evenfhf"(‘i'h '8?’“‘%'8??’?|’“8@?°&51"‘é’ser eduction of the pr obabl e
to i munenodul ating activity of NP by nutation. In a
pr ef'er rieersseptironiantesa beren Frialgs \n febganee Gt epsiree Yessergtion ¢hp functional
consi d&regiiralypf tre€ahgteied the Hegvirsypre@riflyef BMPY an radicupy@subsigpct delecteh e

i nduct Frenthotro@nt bt £Er SUMO-ie SPURSEATEYs tnd GSABANRET tABel
cel |l s aGeadesicted @thelRysuphe G@ih, ipic@tavirad 3¢, car(d@ MO 33 anki P15 tolatBit
case, hdienbgR@ehst Nrdlale Glersbu afNFTocesWR bl @d ke Wrein LAREOHESinllar T O

noung ?roéLQJg@@Ll k,lowJ; @a;efsﬁﬁemrs& B2 0ARSH: gengrﬁ.on "ol REE SN -inal
signal _; erein relates to. bstance that

ensur es thte perHeénénﬂé?lsgtelc%ﬁmedfn me{efm uﬁ%c?sfm ﬁgé' N-term nal of
the C protein of the pestivirus, preferably of BV DV,
in part Fcdi s e éelﬂtﬁé‘t"ﬁﬁ'&‘:é"mée@l‘ze8@“@6‘3"‘35?“}56ﬁﬂ‘°f“ﬁ‘e°°“§?“8h‘f5 eyt
ubi qui Petiirus Figog (Thic ghty. 1P1. [REMHENS 2 SERiTEEmpEre A5 TABATAIIRAP.
Al s@  pnsiitredly Sontssfeemghe tinfeeledf eplly rhist i s Gegp repyfted [tongxigjitRNase
pi Ccomavtivity@ul@&al., 0B Scitldirieral $992 Windisaickt 4D.1 H6)Af shopldiplpated that the
h enor r Raly@pralinsEd & $@n MédkydGynidbs® with ¥ @pradr0Gh paifications. Said term,

" Pr 0Cedpdidhg of hg RS maydBo MM th &lu@ldnE™ARkin Qlieh Rliatihl ofrink AT
20 pr ogn@o%l§é rﬂ&otﬁé sg:méle ohp@é%hmg Quclgorh@ sel?Jér]cJ fl)r pQ@lFl R Rhg@t

eﬂs% € Serith &d&?@%{ﬁfoleﬁ? Q) te?to hHRGL Lea%%cuww'ol; 0%5 AWBI%Lm id

t p l'e o ((338 g’lg al% nl o %oo ofein ET; o E)(d;plgzg ﬁlg N lrﬁ Ite§n mﬁ:twauon

the gl & 6"t"é P’ WﬁFﬁ‘&‘ﬂe "P‘élﬁ‘/r°é’§dé°ﬁ‘l°§"abé{“y§fafrlﬁ‘&ftetgﬂyé‘1‘“°‘em
conponénto PPz R as garared g hepuppeodifep yild gpp o syfglieqproi B

1991). E" lacks a typical nenbrane anchor and is
secreted in 25 considerabl e2Zamounts fromthe infected
cells; this protein has been reported to exhibit RNase
activity (Hulst et al., 1994; Schneider et al., 1993;
W ndi sch et al., 1996). It should be noted that the
termglycoprotein FOis often used synonynously with
gl ycoprotein Elle in publications. Said term

dependi ng on the context, may also relate to the
nmutated "E'' protein after nutation of the

t%e I&F fctwnty



encodi ng nucl eoti de sequence or to the coding
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RNA cl eavage activity of said glycoprotein, i.e. the

ability of the glycoprotein E to hydrolyze RNA The

term"inactivation of the RNase activity residing in

said glycoprotein" refers to the inability or reduced

capability of a nodified glycoprotein E' to hydrolyze

RNA as conpared to the unnodified wild type of said

gl ycoprotein E. 23 WD 2007/117303 PCT/ US2006/ 060918
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active part of a microorganismor to a m croorgani sm
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wO s@cae113e3 as used herein refers to a phar naceetT/ust006/060918

conposition conprising at |east one inmunologically
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response in an animal and 24 WO 2007/117303
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pat hogenic for cattle. Such m croorgani sns incul de but
are not limted to bacteria, viruses, yeasts or
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It was decribed in WD 99/64604 that BVDV can be
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wo b@7aodhg sequence of gl ycoporiteion EL, wheP&i/mS®a6/a60918
mutation(s) result in an incatvation of 5 the RNAse
activity residing in the E gene region. Mreover, it
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mutation in the coding sequence for glycoprotein E'
and at | east another nutation in the codi ng sequence
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(W2005/111201). to An i mmunonodul ating effect in one
aspectA&%,&gghpated but not limted to the indicated

functi P wis decrrbed i o‘g%%’gf&.ibﬁt\éblg\ycsan l;e gng%]ed g mtrg%cmé at }gast%%gtlo? ﬁy

R&yagl i

pr esent™ " AFREEYBT 5 ?5’?/’F‘8‘é‘§ A BT ﬂ‘&”f“?“@r{“%‘é{ba& i“f?%a“f“w&t
conpt | $e¥NAgyectvigagfing i he Rt sepiger SNreBRIE APy dtn Pudst
one nuthgBVRhcat by mpriyeifectvaly ptiyeted Bperatreng 2fleay ongyjatien i teyteaing)
E" andkepenceltr ghopmarin ES g ket anotigy rpugtiop  the ¢oflingtsdqe@nce o™ Frghich

S equen geterdb feadNPPihe coftiinef i@ ktigaidn f, theIRRaseLiBiR raitidg@nyabrach EBVDV,
sai d Mutkifdn oQh iadivaioh 6F the SaiGdAkdi@ns SAICIH RBGR infNBT(W02005/111201).

g l y Cl@ p 'ApltnﬁﬁnanoEﬁng L.f@@g Sne Esﬂect hs%&kd M@Bt |lugigd tgj'le Jidhﬁed le\cl@tﬁ For
activi Ly Lesl o mﬂ&em&,@hﬁmer by & ( £ R Ao TR AR aLpELt ED e

codi ng Ssglgmverumn rov19es ion vaccm tthat cong]])asgst Vqtall a enua(?ed B§

NP' * %@B&?

advant Qaé‘%goau?ﬂs‘;?“edg‘ét@“ L &"8??6?‘*?%? ?"b“i"\y PRELF n%‘gf °'f“d?"’s‘

t r eat mEPHOEHR YR FHHBH R akriekfn svih st BPYgtiteion in ‘h"‘

i nf dtt Podipgsediece fop glyoppestein B[] fepdy fo dpefigioy of the RRiaseBmy regiding iy
descr i bde sdvemuetionn thasesrpiequentefgN'a lnads toffactiviiem ofyad*f. i cat i ons
in the NP and EMS gene region are safe for use in

pr egnamie abiddBYISV 8 Seschitlihyreith@n va i antGpbolS Sised i @mlaRE AL for
Thi's i ge @¥QHIAdf frotiankisdf rcrdBiOlbkicdl Infldtbnk iRl Chine. BRAKRY, vk B¥DVRYDV
in %Kam@d l;irem E&%$SQ§£1JTJP [hgmod&c!glgns%\@%"”\%dt]ih gQ@fe&.Jﬂ%@lsafe for

nut at i Qslgigﬁ gye\gngn T; 8}/ o not cross e p enta. ?hls ls ex al%?d In a non limiting

att enu%}m'ner in exam%e 3. Fufthermore t e W't{' F]e lne mud‘tlons lthm tLeSY\II"pn
to a nofe. pa ta

said aff'&n ﬁsai‘tbf‘sﬁ ' Wﬂ’t‘aﬁ‘t“l"‘ﬁ'ﬁgwl“i Y t\‘er?s“t°ﬁ’é‘ie’is‘°“|%1 ’é°éetff‘"é??e“‘°
uni quef@e S i ideapaso e sadjateptigs puggtioprdies i thris frplepdar Ejaspesnthch ve
| abet salwrte gnthen % dirfoptite dabkls ByB\Atteavrdd BXPVchindstp dipfepaihgitiem firbre m
from B¥D\Mrofmhe field Therefdrd i@ b Bcther Bip@r t@foesee inveption pepvifies# dolptdnation
aspect vidve th k@Eea it 1dad ¥ ia @I BVDN GAfingl Gas@on QR Mmake g
vaccCi Neqbkddddbor HeUgIkin B ghd af leakt 8RB mEARiodh 1he ddiRd BlenB\IIYir.
havi n g Pl@ftrab‘y Q@sﬁih atidhhted Wb‘agdld%tatlopm th &dn?gQQbeEl:g for g%@agrUtgln@e
for gl Y OR QLG o .?\@J‘ ch@ el @St Emaalilé?o‘kr) mu{;ft}%ﬁ fﬁttﬁe Uint N

the co

IV r
at t enuaﬁu rg %@%\/ﬁﬂls to. lnactlvatwfu o% said N Sud nhctlvatlox a'tay té](e g E}ence
for gl PEBEYBYRE fe E’S‘?é‘“liedel%dﬁ%mt"%heﬂsn sl 'ﬁ’e\?‘afwd&ﬁ ‘Bt ?‘f’é‘e‘“
RNase Zeryajt4e aasrir 1 deirehin e “Rtno g ivel 2hisietiatsi BFFer n
the coding sequence for NP |leads to inactivation of
said N", Said inactivation Ay take place by any
mut ati on known to the person skilled in the art of the
E'"- and the NP--codi ng sequence, wherein the
nmut ati ons are any nutation as defined in the
“definitions" section, such as deletions, insertion
28 WD 2007/117303 PCT/ US2006/ 060918 nut ati ons and/ or
substitution nmutations. Myst preferably, the
nmut ati on(s) are deletions, as the likelihood for
reversion to the wild type is the |owest for
del eti ons.



Al together, the term attenuated BVDV or attenuated

pestivirus in general as used herein, nmeans but 5 is
woei7himsvi ed to any attenuated BVDV or pesti vi PEBEUS2006/060918

havi ng at | east one nodification in the coding

sequence for glycoprotein E and/or at |east one

nodi fication in the coding sequence for NP . In the

foll owi ng, specific enbodi nents of any of such

nodi fication in the E" and/or NP" are described nore

in detail. According to a preferred aspect, the term

attenuated BVDV or attenuated pestivirus in genera

as used herein, neans, but is not limted to, any

attenuated BVDV or to pestivirus, having at |east one

nodification in the coding sequence for glycoprotein
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am no Aac rii
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manner to point out the preferred am no acids being
at that position or corresponding to that position in
ot her strains such as 29 WO 2007/117303

PCT/ US2006/ 060918 found in BVDV, BDV and pesti viruses
in general since they are highly conserved. For
pestiviruses other than the CSFV Al fort/ Tubi ngen
strain the nunbering of the positions of the preferred
am no



acids can be different but an expert in the field of
t he nol ecul ar bi ol ogy of pestiviruses wll easily

WO eent13y3 t hese preferred am no aci ds by the hp@ius2006/060918
degree of conservation of this am no acid sequence 5
and the position of these notifs in the sequence
context. In one particular non-limting exanple, the
position of CSFV Al fort/Tubingen 346 is identical to
position 349 of BVDV strain cp7. As a consequence, the
present invention preferably relates to a BVDV
according to the invention, wherein said nutation(s)
in the coding sequence for glycoprotein Em are
| ocated in the encoding to nucleotide sequence
corresponding to am no acids at position 298 to 310
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I na%& I 14%3' %culgrr En that aﬁtgn Eljlgb tl%.ltloq ? thé ﬁsﬁ&% l'etSl e at position 349

Pﬁ\r/telmcl:l on )&e\éds toe eftlve u%acnvatlci:nﬁtllg‘“va%\ﬁﬁ leads to\})amebrré usefaégﬁ\glde
for an'gnes ’F‘Blfreé?“‘rf“ve’wntd?'f’z%'ﬁ‘fa‘e%%vé’vé'ét“f“’%? HPRREH t fgen
hi sti dlwﬁ‘é“‘g‘@ﬁa‘dﬁ‘éw*}i‘t theising rPsig s &ttt deptipnaty (ypgring according

( nunbe ity grbliteed BruetrerrfBYDY §P1 (Meyerpy B 19%hibieldelstedy Thasnreeferabl: the
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preferably, the 30 WO 2007/117303 PCT/ US2006/ 060918
BVDV as used in the combi nati on vacci ne bears a
nmutation in the codi ng sequence for glycoprotein E" is
a deletion or substitution of the histidine residue at
posi tion 349. Even nore specifically, the



putative active site of the RNase is represented by

the conserved E' sequences SLHG WPEKI CTG (SEQ I D NO
wa3jozamiddr LORHEVWWKHGACNWFHI EPW ( SEQ | D NO 14RCT/US2006/060918

(sequence of the 5 BVDV-2 New York' 93 protein is given

here in an exenplary manner; m nor changes can

possi bly be found in other BVDV sequences but the

identity of the notif will always be obvious for an

expert in the field). As an exanple, the correspondi ng

am no acid sequences of BVDV-1 CP7 would be

SLHGA WPEKI CTG (SEQ I D NO 13) and/ or

L QRHEWNKHGACNWYNE EPW (SEQ |1 D NO 15). Thus,
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nmutation(s) in the coding to sequence for glycoprotein
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m crobi ol ogi cal infections conprising a live
attenuated BVDV having at |east one nutation in the
codi ng sequence of the NP" protein and/or the

gl ycoprotein E', wherein a single 31 WO 2007/117303
PCT/ US2006/ 060918




mutation is located in the conserved E' sequence
SLHG WPEKI C (SEQ I D NO 16) and/or RHEWNKHGACNW ( SEQ
wOo oD 7803 Modi fication of the Y' gene of BVDV BCHES2006/060918
menti oned above, the attenuated BVDV provided herein,
having at |east one nutation in the coding sequence
of the glycoprotein EmM and/or in the coding sequence
of the the NP" protein, wherein said nutation
preferably results in inactivation of the RNase
activity residing in the glycoprotein ERNS and/or of
the i mmunonodul ating activity residing in NP .
I nactivation of NP' is achieved in BVDV of the
specified forrmula described nore in detail bel ow,
wherein between 0 and to all amno acids of N'T are
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pr oces g, NGmsl J3Bbs, §,§=}% lﬂ@éh%ﬁ(ABR%p M-I R-Te Y %&TP%JOMFEL Qf

12 am na(r)dowan(l:sIZg Bro? raﬁ)lt %e 01¥h ca 1seasrgov‘1:rus rarr’gI prr]e.éaeLt of a se{l]toln accele 9 S,
of NP am no I ds have
o NP el PTG (O B AR gl o s
mut at i BASEHE S ‘%f'l‘eé'éré‘lﬂ'“ga‘ﬁ‘b?fé‘e)(l‘%f profeig AWy indfg gascdat 3 PFPPeEsie
has 't osifge is preseng g ppmbef qf amirgq gcidgqoding REAET GV BIDR7dE T2y ersesrtithed
her ei n¥ase rolpecepsipgragnm isqyggncs Squert @ snagfumt of é2 gt eidy.aireédbl? 0
BVDV  meyinofer@ i@ hrfiino idite @@l be pieser@ the @ha@hingl@dino AAidt iate@he deied.
may al s@nehdN eheHadihd B ButaGons0sS isclosdd dbEVe (alNeast b fof k@ has Q186

of the pr@enplrl @t ﬁtlennated By IﬁMzH@e&Ebe@lferenMe@en&ﬂﬁgQLqﬁ&&s of the attenuated

enbodi gest rﬁ‘ag %anﬂlncﬁ& e9 $§ Qe REhRM oren?&ﬁdiEP La'vef :éﬁ:aﬂion'cl%se tom S »
t he at ten n onbi na

rmdl f | e 8&:8]% gA rrluglge;' (6n1'1§0r805¥801 IC em o|d:,|men gs tpselosedsbelow
descri BET" 'g\bove and/or in the N'r, wher ei n sai d
mutation(s) in the coding sequence for NP leads to
an enc&ete FBRGIRVBY ety comanagon wicitt eified i ghe gpinspragigns of the E™

f ol |2§3Wiasﬁgcnpeéfbpm*ngor mI_ihN‘I ]wherem[szﬂg}n?(wl[(@n thg:p(h? sequeppgcfor N™ leads
wher ei rRan chdifad 1ol prore® bsaliaggeriteddy thifellopdigrpar t i on of sai d

pol yprotei n, wherein "x"nrgpsegemis the nunber of 30
am no aci gswafnthe NP present in the pol yprotein;
[PS] relates to a processi B&’SI gnal sel ected from

ubi qui ti NN Ligiges o5, prtion REEDE!Y PretgaTEherein ™ EeseriNEEAL Ry RA
or [Pt ot eammgacidy oktee N&” prgsent i fa¢ rebamoteinpi comavi rus 3C,

cardovir lJ&S] Zeétes OF proagség s%rlal selgc@b[nlnt ubllﬂﬁ WEJ MICNE@b§ B&EC

virus, orls%er’ABQ(rA&%?&g il 1§th Q‘Msg@chuﬁm%K 1J i

person t hab‘i) t he morrhaflaglsease VIS, 1o:rl'a7ny ?rocesm 20911%_9/ O(Eged ﬁerslon thaf

ensures the generation of unc
t he C—proteln "Y' may be =©2, WhICh



means that no processing signal is present ( = PSis
absent), or "Y' may be = 1, which neans that a
w@e@ecessIng signal is present (= PS present). PCFUS2004/060918
relates to the conplete pestivirus, in particular the
conpl ete BVDV pol yprotein 5 except for Ni ", but
i ncluding the capsid (C) -protein and any other protein
present in the pestivirus polyprotein, in particular
in the BVDV polyprotein including the carboxyterm na
NS5B. Preferably, the glycoprotein E'" in said [Cternj
is mutated, in such that the RNase activity residing
in the glycoprotein E is inactivated. The term "any
other protein present in the pestivirus polyprotein
/ BVDV pol yprotein" relates to E', El, E2, p7, NS2,

N83 w%su@he%cn@pgm&ﬁ% teMﬁ E)talle pglely @Qﬂ{apﬂe@or\mﬁh
i's mutat elgéans B!tﬁo p%%gl &rﬁﬂsspreght ?Q S(i)ssal%e t), ore'C' %pbe aq’v%lch means

above), ip such Line Riase act ivVity residing In
the gl ycopar%’f(’eefsngsﬁnm 1 ﬁac?es Mted. Preferably, the
pesti Vi r US;terminelqgaro the eunblad pedtifves, i3'yidula e @mpliterRYDV @olyipiaten

I nvent i oNexf@sor 87 Guiicding it capC)GRIeih Snd BY tothédigbiad REeneX B Pt
for the a;;HItlles paS:pirogm arﬁ&l%lnt tile@?D‘ZpoWLt&rhnciu&ng@Q @aﬁ)g@tg'xmfla[ om
Dto N \hg 'i.%t‘ér&ij(yeme gLQPr&&rE“* 1] sa.h R tJnn% nﬁxétEﬁem §L§n ﬂ[aﬁﬁetk%sm

bl[<|t Wi : h anvgyfres%sg in tpefgp ¢ &eln%‘“‘ is |naca fd’ﬂ\e tenn any other in resen me in
ér elsgﬁ t )e eSiivirys: Polyproteub/B%DV l&proter‘n nﬁl 5 E NS3 fNS4A

anmi b aci 1&54'6?“" Nﬁ?At”Y?erT‘zgly&’Pﬁ"ﬂ‘bE éWﬂ"éﬂd B?ferﬂ‘” as ﬁf"é?dé‘?’%f:?
of theN-t &R imesh B brRNaseepivgpsdigpiftly; g'Y?°Pf°‘°"yB'" F gackvalyc
(means [ PSjferaplg thpregtigrmsain particiipethe BVRV acpogling)to theynver@@rhas ¢ freprateis
No NP- spec¢h§ hoeemardl :i@pt &Cthetkmingicid & pdsiton @ phich E@Bng@ifomD to N
aci ds of Mersfordproadne alok yumods (d-ka) hi- il b AtdibhSt @EitioNEPSf, he &¥ €
present). W&Q@Amﬁgmﬁmre preferably t he nutation(s) in
t he codin? quence for N' lead to an eng

pol ypr ot € H‘%s(@WEFQ%Q%W?%%ﬁ“b?“?%@“?%?l ﬁFﬁ%mFWFWUTa
[ N']i-[P3pariecaddett N ey ofibrdrenitye of e *6&Fi ti ons are
as def i negkyabomvBeans 2B) ifdrSehpRech fi i€ 0 € X8R notNTE e amibcSacid

di scl osedy bghiQW..mWes sine, frRRoyNr bR nBE @Rl ne i's
f ol Izpwed by the C—prote| n and any other protein

pr esent so more ﬁe BNgépr %hgs en‘%dn%dse egce forql bllead to %n encoded

car boxy} e, refera

attenu °§?'%8"We”égbydl&%‘i'wi'"ﬁé'a’mﬁer einis encoded by a
pol yprotein as charact e[mr'zexs]o fppyeriine f ol | owi ng
fornula: 30 MG erein the definitions
are as deflne 807/ 117303

PCT/*US2006/ 060918 Al so nore preferably, the invention
rel at e$ stegfic garsiisEdh A 0icl15d R eherria the ttermine] @ethitniagit feiopd by
and/ or te Gprespsta elhes preifin eseeptin e poygraifimizstodingithg pebtyY esFiRs TS

I nf ect Horpsmostwifadie) iy alg@pagd RVRY @9 deseribed bemginris espedsd bg mpolyprotein as

characlerized by the [ollowing formula:

1n L}bgeﬁnqjons arga:é

30 M[C-term].

and wherein the definitions are as defined above.

33



attenuated BVDV that is nodified in the coding regions
of the ET" as described above and/or in the NP *
wob@rei13osai d nutation(s) in the codi ng sequenk€r/i/8200060918
| eads to an encoded polyprotein as 5 characterized by
the following fornmula: [ N']3-[PSJo-[Ctern] and
wherein the definitions are as defined above. A
further specific exanple of an attenuated BVDV is
di scl osed bel ow, wherein the N-term nal to nethionine
is foll owed by the N' sequence EL and the C-protein
and any other protein present in the polyprotein
i ncludi ng the carboxyterm nal NS5B. Hence, nost
preferably, the attenuated BVDV as described herein
is encoded by a polyprotein as characterized by the

foll OWAQnngreqﬁemzh!al}a the h@ﬂor[ Qat&@JJﬂombn@tBld vamg foﬁﬁ'lJ‘treLtrnaﬁt and/or
defi nl Bpﬁmm %rgnleaaggmrgteiukr&%lq cgl 1g}¥ ?ohs wl:llaém s c§ 9@ co%pnses an

pr ef er a albove an:*/or in the

vacci n e rf.ly ted B%Iﬂletha%ls mog{J ed m%ﬁ codlrﬁ dﬁflons cﬁ' the ﬁescrb
cat t | e NagrTsEe TEPOH Bryigs cureih e d‘?‘? 8ﬁ%e“°°%l’1 PRy o
sai d° vEEEIe EBPPT$&E™En  attenuated BVDV that is
nodi fied in the coding r@@mmﬁﬁmg;mthe E!'" as descri bed
above and/or in the NP * wherein said nutation(s) in
the codi ng™ AR Elnitenspre wpsined BUYs t o an encoded

pol yprotein as 20 characterized by the follow ng

f or mul &:furtfer fuecific] expripl8 lofyn [at@nupted (BYPV is alispbpsedybriow.eihereint theeN-terminal
def ini metidmige icflieweddy td 8 isaede Bloo\ie C-pheif ud thh@er popie pésdi ic
exanpl ee @kprddMbMuding ththr® ke 3SI8 SHe@iMnostpREBEWG] t ateli@ed BVDV
N-t er MsR@dbelRleh is Hadd 8 alpSyproiéias E@thcle@WiBOkhdI¥ovird BmiNE’
sequence ELF (SEQ I D NO 18 and the C-protein and any
other protein present in™MHEES yprotein including

t he car boxydwhdreiima ahinidicnEs g NMoOSst preferably, the
invantion refers to a BVDV, wherein said nutation(s)

in the AE@QJreﬁQeféaﬁ}q We mgeﬁlorf lglgtes It\Apa wmdxn@t@ng\?ﬁcctncofoﬁtge tregn’mt%d
p0| ypr %Ep yla.XIngfS catge %gn%tc olZ cgl ng'ycnogs wh rel lsamo vaccm co'n nsersn'larll a.

MELF- .
T 1 o et B0V a5 S s ol 255 b SE
Al so nBr e“ﬁ?“é‘f’“é?’“é“ﬂ‘l“? in theopding JQrRurfTsr O 1Pl foat eé"é’def le%{me‘“ a
conBi n&ercsredpabdtlipransfolat he treat ment and/ or

prophyl axis of cattle agasds,f&hobi ol ogi cal

i nfections, wherein said vaccine conprlses an

at t enuat ed B e fFEOR Ze /EMSPRY i n the coding r egi ons
of the E'" as described above and/or in the NP *

wher ei A figiber ghecifititxatple oFRVBY isi diyclased gelopoeherrgthsiegroes ehidipris N
| eads tollowalrby @8 8T d@akncp BIFYFEQUD @0N8)asl the §-pehia rd Gy @hér peteln by
t he f obds@Winrug pbigFol lindtuding th carbhterniBINSsB| Mende Exfiok] preferably, the

invention refers to a BYDV, wherein said mutation(s) in the coding sequence for N'™ leads to an

encoded polyprotein as characterized by the following formula:
MELF-[C-term].

30 and wherein the definitions are as defined above.
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and wherein the definitions are as defined above. A
further specific exanple of an attenuated BVDV as
waele®enitzesl herein is given bel ow, wherein the PEDUS2006/060918
N-termnal nethionine is followed by the N' sequence
ELFSN (SEQ ID NO 19) and the C-protein and any ot her
protein present in the polyprotein including the
car boxyterm nal NS5B. Hence, nost preferably, the
invention relates to a conbination vaccine for the
treatment and/or prophylaxis of cattle against
m cr obi ol ogi cal infections, wherein said vaccine
conprises an attenuated BVDV that is nodified in the
codi ng regions of the E' as described above and/or in
the NP', wherein said 15 mutation(s) in the coding

sequen Q@o b preMabI}I B RntloPreld t@ﬁ&%@:ﬂn Pa{-}:lné/ BF R RbuRkn@Suor
char aCE p%,lagl sggrgt mlzr loJochyaYI 1“9: gﬁ}é %ﬂld yaccine comprises an

MELFSN tléabs Wdlged in co? ng re; 1ons oq' fhe as descnbetf) agove qFlJ}or in ?ns

defi ne e‘i"tt)ed L C
at t enudt evﬁerﬁ\?ﬁ)“"&?“‘é?é’s“&ﬁdﬁf’esaq“ %Pé i ' ‘°gj%‘§’?f“ B’E‘P"BW”
wher &i fratefigeed b lpwie a2 et hi onine is fol |l owed by the
NP sequence ELFSNE ( SEQnHRiMRA2G); ELFSNEL (SEQ ID
NO 21); ELFSNELL (SEQ ID NO 22); ELFSNELLY (SEQ I D NO
23):  EMEEREr hprinitigreed ¢ipdRieren4) © or ELFSNELLYKT (SEQ
ID NO 25) and the C-protein and any other protein
prese NP firtegr speific ewplyﬁp@tte@ptﬂ BVP\&ds gpa:iit,q(g]erpihiegiven below, wherein the
car box yieeuinatimatibninNSOlBwed biair O seqBSELFN(SHQED MDI9)and the A@ro@b
I NVent b By bt} @die@ PresbrDin Ge ©PpidRinMBllidingRe HrBE Geniial NS B Hehdh @ost
t r eat MpBitrab U iR QR YAl calbin B onQrficcife @dr thb @adkgidhddSfrophylaxis of

m crob IcanL. Qgﬂsl‘;ﬁﬁjrobll)l&rcﬁ ﬁlteén&lp §here1¥\m (/aeémp co§ﬁ1§egm\£l@191§4d BEDV that

c on'pr I %?n%dlf%(pm ﬁis Eo? r@l'il%{)g% tlg%D\gs Jebr%sd z:ko% CfE'P fn fthl ﬁ'd %]em sglpe

CO i ng ) ! { l
INPmm\llt\l%gf nﬂ?le cod néseca\ence ci:r Nt ?eo rs] t() gr)enco de pf) H)rotenas cl'a:acten
sequen?‘:o HP NP | eads to an encoded pol yprotein as

characterized by the f oI Iwmmismg: -erhjOr Mul a: 30
I\/ELFSN-[Cte m ;vEtL NE- erni;

MELFSNEL - -1 “ 1 'E 77 117303

PCT/ US2006/ 060918 MELFSNELL-[ C-terni; ‘
MEL PSNE e spegiiceuspplq of an atjopoped KRY g Yeperived hereiigmpyg] below, wherein the
VEL FSNE{tetmiff Fuethipride "FENWd by fhe Jfi deayehre FIEPYE GHRED FEROHALENEN S
ar e as (sdefbiNoed): EAFROWIE. (SEQIIB N0 271 EFSYALEY @FQID NG 23), EBRSNELLYK

i nvent (seqore At & ELESKELAYKTGSHIIM B bspitd MAGEddmendfaothér RiGtein
treat mp@tn: AN/ @Y protelR iARIRY 6@ %dtSxy @fnings Ab 4Bl Bondd Okt pibforably, the
m c erbkn%LthGJelﬁéko ol Db AR for WO @Jaﬁknﬂan@@brdph RC SRR against
corrprl %grgblo%gcal uﬂ’;cg oﬁsr}ﬂg‘én%gd \gcyp\é LL@stan éql‘i (/lthggml) 1ec¥nh|

fgdl ng the cogng reglons oq as descn ed a@ove ancgo“?l% {11!3 wherem sa}{i mutatlon s) in the n
coding sequence for NP leads to an encoded polyprotein as characterized by the following
formula:

30 MELFSN-[C-term].

MELFSNE-[C-term];

MELFSNEL--[C-term];
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1o NP", wherein said nmutation(s) in the coding
sequence for NP' |eads to an encoded pol yprotein as
wehbaracies i zed by the followi ng fornula: | PCT/US2006/060918
N'"D]4-[PS]o-[Cternt] and wherein the definitions are
as defined above except for the fact that the
am notermnal part of the Gprotein is changed, al so
as descri bed above. 15 A further specific exanple of
BVDV i s disclosed bel ow, wherein the N-term nal
nmethionine is followed by the NP sequence ELF and in
the G protein sequence, the amno acid at position 2
is changed fromD to N Therefore, the am notermn nal
C-protein sequence is SNEGSK (SEQ ID NO 26), instead
of SDEGSK (SEQ I D NO 27). Hence, nost preferably, the
invention relates to a 28 GQHPiNaLI on vaccine for the
treatment and/or pr ophyb&ﬁ&u C(:astl e agai nst
m crobi ol ogi cal infect] ons n sai d vaccine
conpri ses an attenuat ed™BVOVEHETE™S nodified in the
coding regions of theMEFNYYeSEFMhed above and/or in
the NP, VNEEShe Rl TUL afd£BLs) 10 the coding
sequence for N Ieads to an encoded pol yprotein as
Ic\:/léﬁlr:afte?t{ llno%eﬁ%g eral My Elgm%non relates to agco?l:hnatlolbvaccme {or the tre'tltrﬁent and/or no
acid aPr°"by6”§‘f £ BHe ?a"is‘s““&‘?%‘i é'd“fF?"Bsm""'D'e‘f‘ da“’f\lv"“ﬁh 6"“"’"5“ e
wher ei AeRutrd BYRftaH; Tofien & tha rodine srgionelef i Frit despiiiodiore pdlog i the
nmor €0 p NEf vaiprgrtpig/mutatidn@) in thpeesing jeqypncerfe Na tleeds toaipenggded polyprotein as
conbi n&tmcprredbptolipvans fooniat he treat ment and/ or
prophyl axis of cattle a cr.obi ol ogi cal
i nfections, wherein sai gﬁtgg’%:ll [Hmée clgnprl ses an 30
at t enuat edndBDY theldedititionsgre pspiefindd pted eicent for ithe fagt thel ihmgninptegindbn s
of the ES pasfi€geribachsabovaieandsore. in the 36 WO
200%# 117303 PCT/ US2006/ 060918 NP, wherein said
mut at i @M} speldc SxbiPie COMIDIG (R SRR EwtE thdYrtermin® BelhidniQe 2N
encodeg)"aggh RE@% & E}.ce%ip nfHAE & Eté%IquEeﬁcQ R ¥mido A& of RlidoPIM NY

formul qlan ldfromgzc()N[ rtLC tguemu 'C- proemseq g\celsé\l %l]((SEQIDNOP

definif)ons

dof ! b 905 3 ey 51 N6 At G,
sel é%t £GP NI r ‘&r‘&ﬁ]‘ﬁe“ o4ty b’f°Ei‘¥}?"F|°ﬁ ”B‘F a%ﬁ"@i% ""°A"‘°‘°g'°a‘

f ur t hePedipe CPTincAEREATIEIHT 2 BIVEdi B DY ihe i eydite) inths|oiRe
wher ei rreigehe thET esrdeppribed boyvetdiay i ih¢ M@ whegein sdidghulaispie ih thyyodpgy
21 or RBuerhd for bamaﬁwmmdéspolyminapuﬁataétenzem the fl@wingdawablat he
G protein. Hence nost to Rfe l% g?b , the invention
relates to a conbinati on vaccine for the treatnent

and/or pr opdidieicSro@h idadind ki€ AGRE NSdhangll FhORINLOJI Cal
infections, wherein said vaccine conprises an

at t enuat ed BRASTITHSE =+ %A ed in the coding
regi ons of the Em as descri bed above and/or of the NP
wher ei RAisSadreChrefeRABl At In@RiErSdlatds b 4 PRvinGldE lBGe HLALIRMGR dhddF

N1 Canlis 3N GAHCHRRLNAN LR RS CRATAR! BhlE&d DY

%e mventlon felates t(bil

30  attenuated BVDV that is modified in the coding regions of the E™ as described above and/or in the
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following formula: 15 [ N 122-[PS] 1-[C-tern], wherein
preferably, the PSis ubiquitin or LC3 or [ Npf
WO2B7nP8P3i -[Cternm, wherein preferably, the R3/US2006/060918
ubiquitin or LC3. Ubiquitinis a well known highly
conserved cellular protein of 76 am no aci ds. Anong
other functions, ubiquitinis a key player in protein
cat abol i sm since conjugation with ubiquitin can mark
20 a protein for degradation via the proteasone.
Ubi quitin conjugated with or fused to other proteins
via the carboxyterm nal glycine can be cleaved off by
cel lul ar ubiquitin-specific proteases. Thus, fusion
of a protein to the carboxyterm nus of ubiquitin wll
usual Iy result in defined proteolytic cleavage of the
fusi oanttre.r stld Jnml&l(s)hxhﬁec&ﬂ BEH: SeWRER LA BEERE m 5
wi thina Shdby oGPkl 9Nt chain 3 of mcrotu
associ at e proterns represents a cellular protern of
125 amno acids that ser\PESBSldeeimkty of functions
(length given for bovine LC3). Recently, a fundanent al
role of tHEEEHWN*F K< BPR&gy has been defi ned.
Dur i ng t hiatd whEr&hCR8 SsSapy ok hi3PSi dBclosd bbb aﬁdeﬁireblyferably selected from the
car boxyt ergigRakio@h 8awage. Thereby, a new
carboxyterm nus is generated that consists of glycine.
LC3 is then conjugated via the carboxyterm nal glycine
t 0 phodpPke Perft Bt mEATHVEMiis i dduntherpinihy Figrmigg methionine is
menbr afebeyeddy ap3t ek Agiseingasidd eladin, or BEcadibeC-pfeint Henag most
pr 00€s seeferagly.pire Ot e@tiomrelhiey padontbipatipnfy@cig dar hoveyheatramionmighy lasfof
LC3 W katle @nsGilic@bivi@al Bfediond) yhe@in ©i@ bdedibk Ginprige @ u@@8@ BRIV tBat
defi ned nﬂﬁlﬁd ih i:hg&dmggeme 1R B0 4 dbslhIAQRvFhdlt AB OB 6MAGNRA 8

Al so mﬁtﬁongf@liuﬁ:Bcﬁlp e&ﬁent:eh@ N""néé@tgsnle%ed @J'pgte@§ cltalgctegzed by the
conbi ngfd.plMageci ne for the treatment and/or

prophylaxis of cattle against m crobiol ogical

| nf et i ond N"lRShEG-prmbtiereln Re&ER 1S & ehippitiniosl€d oran
attenuated BV DV that is nodified in the coding

regi ons of N KPStk hganrefrhete S SH P or in the 5
NP, wherein said nmutation(s) in the coding sequence
for NPUle‘uﬁlaQ at»\@l &@éhn Q@lﬁp&jﬁgvepgil%pﬁr&gn@f B d@hiho acids. Among other
charac }uﬁcﬁdng Qﬂuﬂk‘rﬁé a'ic lay@rQrJ 5 oQIWLaﬁlghsfnggc%lu@atéﬁ\lltﬁlﬁlqﬁg CL (ng

th e[ %Sf g I %L degﬁon i§th ted wﬂhd Puget? to GiheP? protexrs

pr ef er & L& can v %/cel q tr.r}. pf% roteases. Thus,
[Cter ‘°“a?ﬁ"dp‘°ﬁﬂ“é°f K| l‘V”’t\?ﬁL"ﬁ?NE““ EdR R 4 - Profpjytic

[ NP ] s dfepg|elphefucionpiapipto i m&ipqﬂrnerfereawsgﬁ WELENEL - [ PS] Y
[Cterm; [NP]9-[PS]y; [Ctern] and preferably

IVEL FzSNEBlih'g[ﬂl?@]ny of nfidgdtubupragyqeinted pfofiR?) ferregentf RGular poEa bidesmin@nd
pr ef er adal tifat mmbﬂﬂm{;@@]@\ﬁ g[v@-fcfr E»KfiiiE]LC?;). Recently, a fundamental role

[ NP ] Llie heP st i Gl pREyThas 83 ddake@ FoRki@ lisY process, LC3 is activated by
IVEL FSNELb tl%?ml[laP gﬂa\xge[ ﬁ:eer}e b E@v caﬂﬁr{}lgrmmus 1s generated that consists of glycine.

II:\/EIEF é ]I\-I E(l:f[lsp tlél r¥ ﬁ;&? @rbo%@? ) ctn?tte dylethanolamnhe present in the

de fl m fnem rane]so top c v c?sll Becau of t is prq?ess aeproteur.ﬁused to th E?X)ét% nus
di scl o€ BhBawhaT e “IFIé‘f’t%“fea‘tage REAT I\/bst pr ef er abI Y,
y is 0 (no PS present).



Suitable O's NP double nmutants of BVDV i nclude those
listed in the table below 20 Table: BVDV ER' NP
waelowbhersnut ants: M-, MEL-, MELF-, MELFSN-, NBRESNEL006/060918
MELFSNELL- MELFSNELLY-, WMELFSNELLYK-, or NMELFSNELLYKT-,
S298G MESDEGSK-, NELFSSDEGSK-, MELFSNESDEGSK- ,
MELFSNELSDEGSK-, NMELFSNELLSDEGSK-, MELFSNELLYSDEGSK-,
MELFSNELLYKSDEGSK-, MELFSNELLYKTSDEGSK- Me-, MEL-,
MELF-, WMELFSN-, MELFSNEL-, WMELFSNELL-, MELFSNELLY-,
MELFSNELLYK-, or MELFSNELLYKT-, H300K MESDEGSK-,
MELFSSDEGSK- , MELFSNESDEGSK-,  MELFSNELSDEGSK- ,
MELFSNELLSDEGSK-, MELFSNELLYSDEGSK- ,
MELFSNELLYKSDEGSK-, MELFSNELLYKTSDEGSK- ME-, WMEL-,
MELF-, MELFSN-, MELFSNEL-, MELFSNELL-, H300L
MELFSNELLY-, MELFSNELLYK-, or MELFSNELLYKT-,
VESDEGSi morelﬂeﬁ@men, ek mme for the treatment and/or
VEL FSNEbRRECSKtme WhdsFaMolokspbEtettns, widlin \NM 2R Lohriéed A3
PCT/ USZ!‘Q(QQJd Qﬁﬁﬂﬂaﬁs mowﬁld- F a&gjlﬂlg\{eglm& ¥ as descnbed above and/or in the
MEL FSNRks VRN Lok b REGRKS Mrcoteq My o

ttlon _o
VELF. TESN ESNEL A
I\/ELFSNIG:hﬁrfWSdbythef gﬂ%i‘ r°“‘“L§8‘6t{el I\/ESDEGSK—

VEL FSSDEGIK"1;- REEH F-SRESDEESEH:- ME-PIYEL-SNEL SDEGSK- |
IVEL FSNEL L SiDEy(48#{[¢-term] and preferably MELFS-[PS],-[C-term];

L WY
rm)] an p_re’fe ] ] [C =
RESNERR A

MVEL FSNEL - "ESNELLYK- | or
MEL ESNEL L VST PSIiAG tsmiend e AGLFSNELL- TPS-[Cterm]

VEL FSSDEGS= Lo i) ISl SR esily MELFRIELIYIREEHGBEGSK- |

VEL FSNEL L SPRGHI-[C-terrErd rSBlk MMSDEEGSHK-[pS),-[C-term]; and

MEL FSNEL L Y#&GLAPIS|K=term] and preferably MELFSNELLYKT-[PS],-[C-term]

15 and wherein the definitions are as defined as above. The preferably disclosed embodiments
refer to BVDV.

Most preferably, y is 0 (no PS present).

Suitable EX™ NP double mutants of BVDV include those listed in the table below:
20
Table: BVDV ER™ NP™ double mutants:

ME-, MEL-, MELF-, MEL SNEL-, MELFSNELL-
MELFSNELLY MELFSNELLYK ,or MELFSNELLYKT
MESDEGSK-, MELFSSDEGSK ,MELFSNESDEGSK-,
MELFSNELSDEGSK-, MELFSNELLSDEGSK-,
MELFSNELLYSDEGSK-, MELFSNELLYKSDEGSK-,
MELFSNELLYKTSDEGSK-

8298G

ME-, MEL-, MELF-, MELFSN-, MELFSNEL-, MELFSNELL-,
MELFSNELLY-, MELFSNELLYK-.or MELFSNELLYKT-,
MESDEGSK- , MELFSSDEGSK- ,MELFSNESDEGSK-,
MELFSNELSDEGSK-, MELFSNELLSDEGSK-,
MELFSNELLYSDEGSK-, MELFSNELLYKSDEGSK-,
MELFSNELLYKTSDEGSK-

ME-, MEL-, MELF-, MELFSN-, MELFSNEL-, MELFSNELL-,
MELFSNELLY-, MELFSNELLYK-.or MELFSNELLYKT-,
MESDEGSK- , MELFSSDEGSK- ,MELFSNESDEGSK-,
MELFSNELSDEGSK-, MELFSNELLSDEGSK-,
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MELFSNELLYKTSDEGSK- ME-, MEL-, MELF-, MELFSN-,

MELFSNEL-, MELFSNELL-, MELFSNELLY-, MELFSNELLYK-, or
WORWFASNGBLY YKT-, P304del MESDEGSK-, PCT/US2006/060918

MELFSSDEGSK- , MELFSNESDEGSK-,  MELFSNELSDEGSK- ,

MELFSNELLSDEGSK-,  MELFSNELLYSDEGSK-,

MELFSNELLYKSDEGSK-,  MELFSNELLYKTSDEGSK- MEe-, MEL-,

MELF-, MELFSN-, MELFSNEL-, MELFSNELL-, MELFSNELLY-,

MELFSNELLYK-, or MELFSNELLYKT-, E305A MESDEGSK-,

MELFSSDEGSK- , MELFSNESDEGSK-,  MELFSNEL SDEGSK- ,

MELFSNEL L SDEGSK-

MELFSNELLYSDEGSK- , MELFSNEL L YKSDEGSK- ,

MELFSNELLYKTSDEGSK- MEe-, MEL-, MELF-, MELFSN-,

MELFSNEL-, MELFSNELL-, MELFSNELLY-, MELFSNELLYK-, or

MEL FSNEELYKT=——C368 ﬁEﬁfﬁﬁES’?ﬁgﬂ(&, MELFSNELLYKSDEGSK-,

MELFSSDEGSK- , MEL FSNMBIBRESKKTSDEGMEL FSNEL SDEGSK- ,

VEL FSNEL L SDEGSK- , ME-, MEL-, MELF-, MELFSN-, MELFSNEL-, MELFSNELL-,

MELFSNEL | YSDEGSK- , N B or MELFSNELLVKT.

MEL FSNE_ c'YKTSDEGSK- MEAEESNEL SK-. ME| E
MELFSNEL-, MELFSNEL l?fé};iiﬁ.‘i E M%NELLK%E%%\IEL LYK-|, or
VELFSNELLYKT- R34 3 MENESDRKCSWIELFSN-, MELFSNEL-, MELFSNELL-,

VELFSSDECSK- , VEL FSNESESRIR: MR ForppERB:

VEL ESNEPPSDEGSK- | mumsmmwsmmsnmm

MEL FSNEL L YKSDEGSK- N&%&E&%&%ﬁ%ﬁmﬁ}t MEL-
NELF- , VELFSN-,  WELMENEL- VEL ELFSNEL-, MVERS Y-,
VELFSHELLYK. , of NELRSHBIEHASI S e i,
MVESDEGBR' MEL FSSDEcmFsmﬁsm& EGSK-,

MEL FSNEL SDEGSK- , I\/Elf,jﬁg S LFSNEWE@P@FXELLYSDECSK—,
VEL FSNELCTYKSDEGSK-, MFMKNL Mﬂiﬁﬂ:ﬁ&-MEﬁﬂSNELL MEL-

MELF-,| MELFSN-, MEL %g%”x gr MELF. SD%'FTSNELLY- ,
K-, ME

MELESNEPEYK- . or MEL LFSNESD

VESDEGSK- , MELFSSDEG FS%E%E%;‘@E{%F{«LYKSDEGSK-,

ME-, MEL-, MELF-, MELFSN-, MELFSNEL-, MELFSNELL-,
MELFSNELLY-, MELFSNELLYK-,or MELFSNELLYKT-,

MESDEGSK- , MELFSSDEGSK- ,MELFSNESDEGSK-,
MELFSNELSDEGSK-, MELFSNELLSDEGSK-,
MELFSNELLYSDEGSK-, MELFSNELLYKSDEGSK-,
MELFSNELLYKTSDEGSK-

ME-, MEL-, MELF-, MELFSN-, MELFSNEL-, MELFSNELL-,
MELFSNELLY-, MELFSNELLYK-,or MELFSNELLYKT-,
MESDEGSK- , MELFSSDEGSK- ,MELFSNESDEGSK-,
MELFSNELSDEGSK-, MELFSNELLSDEGSK-,
MELFSNELLYSDEGSK-, MELFSNELLYKSDEGSK-,
MELFSNELLYKTSDEGSK-

ME-, MEL-, MELF-, MELFSN-, MELFSNEL-, MELFSNELL-,
MELFSNELLY-, MELFSNELLYK-,or MELFSNELLYKT-,
MESDEGSK- , MELFSSDEGSK- ,MELFSNESDEGSK-,
MELFSNELSDEGSK-, MELFSNELLSDEGSK-,
MELFSNELLYSDEGSK-, MELFSNELLYKSDEGSK-,
MELFSNELLYKTSDEGSK-

ME-, MEL-, MELF-, MELFSN-, MELFSNEL-, MELFSNELL-,
MELFSNELLY-, MELFSNELLYK-,0or MELFSNELLYKT-,
MESDEGSK- , MELFSSDEGSK- ,MELFSNESDEGSK-,
MELFSNELSDEGSK-, MELFSNELLSDEGSK-,
MELFSNELLYSDEGSK-, MELFSNELLYKSDEGSK-,
MELFSNELLYKTSDEGSK-

ME-, MEL-, MELF-, MELFSN-, MELFSNEL-, MELFSNELL-,
MELFSNELLY-, MELFSNELLYK-,or MELFSNELLYKT-,

C308G

R343G

E345del

W346G

K348A MESDEGSK- , MELFSSDEGSK- ,MELFSNESDEGSK-,

MELFSNELSDEGSK-, MELFSNELLSDEGSK-,
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MELFSNELSDEGSK-, MELFSNELLSDEGSK-, MELFSNELLYSDEGSK-,

MELFSNELLYKSDEGSK-, MELFSNELLYKTSDEGSK- ME-, MEL-,
WOBIOFA173MELFSN-, MELFSNEL-, MELFSNELL-, K348A PCT/US2006/060918

MELFSNELLY-, MELFSNELLYK-, or MELFSNELLYKT-,

MESDEGSK-, MELFSSDEGSK- , MELFSNESDEGSK-

MELFSNEL SDEGSK-, MELFSNELLSDEGSK-, 39 WD 2007/ 117303

PCT/ US2006/ 060918 MELFSNELLYSDEGSK- ,

VELFSNELL YKSDEGSK-, MELFSNELLYKTSDEGSK- ME-, MNEL-,

MELF-, MELFSN-, MELFSNEL-, MELFSNELL-, MELFSNELLY-,

MELFSNELLYK- , or MELFSNELLYKT-, K348R MESDEGSK-,

MVEL FSSDEGSK- , MELFSNESDEGSK-,  MEL FSNEL SDEGSK- ,

VEL FSNEL L SDEGSK-

VEL FSNEL L YSDEGSK- , MELFSNEL L YKSDEGSK-

IVEL FSNEEYKTSDEGSK- MEESN—MN‘@WMW

MVELFSNEL- | I\/ELFSNELMELFSNEMEEFSNELLY— MELFSNELL YK-|, or

NEL F SNEL LYKT_ HS 4 9 M 4: 3 " 7 LFSN-, MELFSN'EL-, MELFSNELL-,

MEL FSSPECSK- VEL FSNEE e -

VEL ESNETTSDEGSK- | q E@KLSDEGSI;EG

MEL FSNEL L YKSDEGSK- | RRCTENECERDE R . VEL- |

MVELF- | MELFSN-, NELW@N@-MELWLEF@?\IEELFSNEL WESFESNELL]Y- |

MELFSNELLYK- , or VELRERPIEINATroNiL o Mgt i

VEL FSSBEESK- , VEL FSNESDBESREGSK-, WRISESNBESDEGSK- |

MVEL FSNEL L SDEGSK- , %%&éﬂis%@ﬁﬁﬂm‘mm

VEL FSNELLYKSDEGSK- L DBNE MEVET SDESE

MELF-,| MELFSN-, wELnﬁgggEggm yfegg 'L“g;gd?ggx‘ﬁSNELLY-,

VEL FSNEFEYK- | or  MVEL| MBINENELSWHEGEK -, MEHRMED

MELFS$DEGSK- , MEL Fsr\@gﬁggg%ggggggﬂﬁ% K@%&%K—

MELFSNELCLCSDEGSK-, ME-, MEL-, MELF-, MELFSN-, MELFSNEL-, MELFSNELL-,

VELFSNELL YSDEGSK- , NBEFSIEN VRSP ey MELEL LT

H349Q MELFSNELSDEGSK-, MELFSNELLSDEGSK-,
MELFSNELLYSDEGSK-, MELFSNELLYKSDEGSK-,
MELFSNELLYKTSDEGSK-

ME-, MEL-, MELF-, MELFSN-, MELFSNEL-, MELFSNELL-,
MELFSNELLY-, MELFSNELLYK-,or MELFSNELLYKT-,

MESDEGSK- , MELFSSDEGSK- ,MELFSNESDEGSK-,
MELFSNELSDEGSK-, MELFSNELLSDEGSK-,
MELFSNELLYSDEGSK-, MELFSNELLYKSDEGSK-,
MELFSNELLYKTSDEGSK-

ME-, MEL-, MELF-, MELFSN-, MELFSNEL-, MELFSNELL-,
MELFSNELLY-, MELFSNELLYK-,or MELFSNELLYKT-,
H349S8V (mutation H3498 MESDEGSK- , MELFSSDEGSK- ,MELFSNESDEGSK-,

and insertion of V) MELFSNELSDEGSK-, MELFSNELLSDEGSK-,
MELFSNELLYSDEGSK-, MELFSNELLYKSDEGSK-,
MELFSNELLYKTSDEGSK-

ME-, MEL-, MELF-, MELFSN-, MELFSNEL-, MELFSNELL-,
MELFSNELLY-, MELFSNELLYK-,or MELFSNELLYKT-,
MESDEGSK- , MELFSSDEGSK- ,MELFSNESDEGSK-,
MELFSNELSDEGSK-, MELFSNELLSDEGSK-,
MELFSNELLYSDEGSK-, MELFSNELLYKSDEGSK-,
MELFSNELLYKTSDEGSK-

ME-, MEL-, MELF-, MELFSN-, MELFSNEL-, MELFSNELL-,
MELFSNELLY-, MELFSNELLYK-,0or MELFSNELLYKT-,
MESDEGSK- , MELFSSDEGSK- ,MELFSNESDEGSK-,
MELFSNELSDEGSK-, MELFSNELLSDEGSK-,
MELFSNELLYSDEGSK-, MELFSNELLYKSDEGSK-,
MELFSNELLYKTSDEGSK-

ME-, MEL-, MELF-, MELFSN-, MELFSNEL-, MELFSNELL-,
MELFSNELLY-, MELFSNELLYK-,or MELFSNELLYKT-,

H349del

W331P

W351K

H300L/H349L MESDEGSK- , MELFSSDEGSK- ,MELFSNESDEGSK-,

MELFSNELSDEGSK-, MELFSNELLSDEGSK-,
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MELFSNELLYKTSDEGSK- ME-, MEL-, MELF-, MELFSN-,
MELFSNEL-, MELFSNELL-, MNELFSNELLY-, MELFSNELLYK-, or
WOEWFENBLY YKT-, H349del MESDEGSK-, PCT/US2006/060918
VELFSSDEGSK- , MELFSNESDEGSK-,  MEL FSNEL SDEGSK- |
VEL FSNEL L SDEGSK-
VEL FSNEL L YSDEGSK- , MEL FSNEL L YKSDEGSK- |
MELFSNELLYKTSDEGSK- ME-, MEL-, MELF-, MELFSN-,
MELFSNEL-, MELFSNELL-, MELFSNELLY-, MELFSNELLYK-, or
MELFSNELLYKT-, H349SV (mutation H349S MESDEGSK-,
MELFSSDEGSK- , MELFSNESDEGSK-, and insertion of V)
MVELFSNEL SDEGSK-, MELFSNELLSDEGSK-, MELFSNELLYSDEGSK-,
MELFSNELLYKSDEGSK-, MELFSNELLYKTSDEGSK- ME-, MNEL-,
MELF-, MELFSN-, MELFSNEL-, MELFSNELL-, MELFSNELLY-,
IVEL FSNEEEYK—or—VEL ﬁﬁ%ﬁﬁw
MESDEGSK- , MEL FSSDECMLFSWEHF@NESDEGSK—
MVELFSNEL SDEGSK-, ME fCt YiE RN-, MELFR)
MELFSNEL L YK DEGSK- | Mo Ay e
NVELF- |, MEL ggLSDEWgSLME ’éli?iss'é I\AI;LFSNELLY-,
MELESNELLYK- , or NVEL EEXEEEVRCECK MAETR
MESDEGSK- , VELFSSDEGSS MaVEHHE R E@BHSNEL MELFSNELL
VEL FSNEL SDEGSK- , I\/El,,ig 5 1_ LY M‘E,ME]E?‘D%@%_LYSDEGSK-,
VEL ESNEPTHEDEGSK- | MEKFRSDECSKK-, VEL-
MELF-,| MELFSN-, NEL@EM&E%@%&S%@ELWKS%%U H349L
MELESNELLY-, VELESN MEDYEC: MOF- M@ﬁmmﬁmﬁﬁgu
NESDE(EKO" IVEL FSSDE Eeswh?m SNESDEGSK-
VEL FSNEE'SPRGSK- ,  MEIMESNELIDSBEGBKFSNELBOERR 2007/ 117303
PCT/ U$2006/ 060918 ﬁ@gﬁ[{é%gﬁgﬁwﬁwmwm
NELFSNl:LLYKbUi:LibK— MEKESNaMEIBSHEE -, MEEFSWELIVEL - |,
VELF-| NELFSN, VELBSHEE MERSgPLp e st
K348del/H349del MELFSNELSDEGSK-, MELFSNELLSDEGSK-,
MELFSNELLYSDEGSK-, MELFSNELLYKSDEGSK-,
MELFSNELLYKTSDEGSK-
ME-, MEL-, MELF-, MELFSN-, MELFSNEL-, MELFSNELL-,
MELFSNELLY-, MELFSNELLYK-,or MELFSNELLYKT-,
Escuersos | NEDECSK MELISIDEGSK MELISNESDEGSK
MELFSNELLYSDEGSK-, MELFSNELLYKSDEGSK-,
MELFSNELLYKTSDEGSK-
ME-, MEL-, MELF-, MELFSN-, MELFSNEL-, MELFSNELL-,
MELFSNELLY-, MELFSNELLYK- or MELFSNELLYKT-,
MELFSNELLYSDEGSK-, MELFSNELLYKSDEGSK-,
MELFSNELLYKTSDEGSK-
ME-, MEL-, MELF-, MELFSN-, MELFSNEL-, MELFSNELL-,
MELFSNELLY-, MELFSNELLYK- or MELFSNELLYKT-,
MELFSNELLYSDEGéK—, MELFSNELLYKSDI’EGSK—,
MELFSNELLYKTSDEGSK-
ME-, MEL-, MELF-, MELFSN-, MELFSNEL-, MELFSNELL-,
MELFSNELLY-, MELFSNELLYK-or MELFSNELLYKT-,
MELFSNELLYSDEGS’K-, MELFSNELLYKSD]%GSK—,
MELFSNELLYKTSDEGSK-

The NP —mutations are defined by their remaining amino terminal sequences. For example; MELF-
mutant means that the coding region of NP is completely deleted except of the amino terminal amino

acids MELF.
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MELFSNELLY-, MELFSNELLYK-, or MELFSNELLYKT-,
H300K/ H349K MESDEGSK- , MELFSSDEGSK- , MELFSNESDEGSK-
WORIMFSNBLSDEGSK-, MELFSNELLSDEGSK- PCT/US2006/060918
VELFSNELLYSDEGSK- , MELFSNELL YKSDEGSK- ,
MELFSNELLYKTSDEGSK- Me-, MEL-, MELF-, MELFSN-,
MELFSNEL-, MELFSNELL-, MELFSNELLY-, MELFSNELLYK-, or
MELFSNELLYKT-, H300K/ H349L
MESDEGSK- , MELFSSDEGSK- , MELFSNESDEGSK-
MELFSNELSDEGSK-, MELFSNELLSDEGSK-,  MELFSNELLYSDEGSK-,
MELFSNELLYKSDEGSK-,  MELFSNELLYKTSDEGSK- MEe-, MEL-,
MELF-, MELFSN-, MELFSNEL-, MELFSNELL-, MELFSNELLY-,
MELFSNELLYK-, or MELFSNELLYKT-, WB03Qd E305A MESDEGSK-,
MELFSSDEGSK- , MELFSNESDEGSK-,  MELFSNEL SDEGSK- ,
MELFSNELLSDEGSK-,  MELFSNELLYSDEGSK-,

VEL FSNEL b YK SDEGR e omp'éél}ﬁlvénn\(ﬂ?%%d BvM%f tre. Yl

MELF-, “NELESN:

MEL FSNI‘?ﬁT_“W"”“d“' “R?i":‘l_‘& L Eﬁfkﬁkm‘%gﬁ’aﬁ"‘faﬁ% & |§’Sase swone
NESDEGéRfol ownwﬁg%éégm N%L gN 9 wherein each of the strains
VEL FSNEE‘SEE&W one °MI_’LEE§NE‘L Egmas descnbed above and preferably at least
NVEL FSNFEE Bf“l’ngmwms WEE@SREEEWS@E@}@& in the table above. According to
VEL FSNERth¥HTSDEGSiG atiyfEated BRIESL of the $yflition vayled 4= Sbided herein is 2
VEL FSNELBY, typhE [pfetoitiy| the-attenuathdEHVD SiNdsdd ¥r gne ditibk FofNImg BWHK-t;pO2
IVEL FSNEaiks YI50T €413, E3éhDaR 2103 Q0kah of WEDENE 3R fises at least one of the EX
MEL E&SWmuMEJﬁ Eﬁéjm&ﬁd prefeWaFle‘le %%mutants within

IMEL FSNEL‘]&'RSQE%l% ibn as listed in the table above.
VELFSNELLYSDEGSK- , MEL FSNEL LYKSDEGSK—

MELFSNEL L YKTSDEGSK-  VE- . LF- .
MEL FSNEL2Y ! R PSKEL 4] °'e“"a‘eﬂ/ﬁffi‘ v of W%ﬁfﬁﬁﬁ@emﬁe}

NI R A R S R
VEL FSSEREE e oISt 17 SRIFSBRmSpor reatfy of BRI GOESKions in brecding
VEL FSNE#cks SDE@GSK pregnani\dpiys g NiEhd SR @Seal protection against BVDV type 1
MEL F SNnfedtidKSEghaBlceys. Surprisingly, a BVDV-2 as disclosed herein may be used in the
manufacture of a combination vaccine for use in the prevention and/or treatment of BVDV type 1

infections in breeding stocks of cattle. In particular, the invention relates to the use of a BVDV type

20 2 as described herein in the manufacture of a combination vaccine for use in the prevention and/or
treatment of BVDV type 1 infections in pregnant cows. Preferably, the BVDV type 2 as provided

herein may be used in the manufacture of a combination vaccine for use in the induction of fetal

protection against BVDV type 1 infections in pregnant cows. Surprisingly also, a BVDV-1 as

disclosed herein may be used in the manufacture of a combination vaccine for use in the prevention

25 and/or treatment of BVDV type 2 infections in breeding stocks of cattle. In particular, the invention

relates to the use of a BVDV type 1 as described herein in the manufacture of a combination

vaccine for use in the prevention and/or treatment of BVDV type 2 infections in pregnant cows.

Preferably, the BVDV type 1 according to the invention may be used in the manufacture of a
combination vaccine for use in the induction of fetal protection against BVDV type 2 infections in

30  pregnant cOws.

Most preferred is the use of BVDV type 1 and type 2 in combination for the manufacture of the

combination vaccines described herein for use in the prevention and/or treatment of BVDV type 1

and or type 2 infections in breeding stocks of caitle, in pregnant cows and in the induction of fetal
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MELFSNELLYKTSDEGSK- MEe-, MEL-, MELF-, MELFSN-,
MELFSNEL-, MELFSNELL-, MELFSNELLY-, MELFSNELLYK-, or
WORIMFSNBLY YKT-, L299del / H300del / G30 | del NMESDEOSKS2006/060918
VELFSSDEGSK- , MELFSNESDEGSK-,  MELFSNEL SDEGSK- ,
MELFSNELLSDEGSK-,  MELFSNELLYSDEGSK- ,
MELFSNELLYKSDEGSK-,  MELFSNELLYKTSDEGSK- ME-, MEL-,
MELF-, MELFSN-, MELFSNEL-, MELFSNELL-, MELFSNELLY-,
MELFSNELLYK-, or MELFSNELLYKT-, L299deVH300del / G301del
VESDEGSK- , MELFSSDEGSK- , MEL FSNESDEGSK-
MELFSNELSDEGSK-, MELFSNELLSDEGSK-, MELFSNELLYSDEGSK-,
MELFSNELLYKSDEGSK-, MELFSNELLYKTSDEGSK The N
-nmutations are defined by their remaining amno
term nal sequences. For exanple; MELF- nutant neans

that t prﬁec&g ggalﬂlgB\rDQg}JpranQJr tyNIZ 1nféct§nswarﬁ£o@ Yhué:l Lfga‘)l? ﬁle

exce pt COQ]E]H&EO @acc% pln\gdecrhg %m g%lnse monn%re af Qlite §V6\4:1}l‘p I and4iy1p yD

é?fggldlll éiﬂ§ f’ibO{G lL'%rS%XOO§ gf Com matlon vgcglnoeg prt) gd he{ewﬂg COIl’g se

BVDV of"4f8 BEBYrb’f ﬁ&ed EJ’H “&Paéc‘l“ﬁ%"e °“a‘§e ﬁ‘?‘ffvl“'a%%i‘%n é‘P‘%‘r’?ﬁ“3r s
a BVDVNRISEYY OB e CRAYD | §F7/C4 heCTAT e pitiZCe REBYD KELCH>
based SENsyerk§HC, whetrin efcindf jthe whiaipscrorBRiE\ lpast ore of thesk' ' ajdiar™
NADL, @uitioss des@pdd hbove @hd7nog prefi(iES at leaht e €fi thy d@bledmtags withil @e
str ai NE™ dpd NECOEERA 4s 88 in Ak tatlle@RE:t MdDPpRferaHly, dnhtethdchiiibatiaektine
NP' mubdbdbkéwiveiiay GAREAR DRk sy Brancdiated BRDCH R @DbnY or ibre
l e ass QG peOdr arbridfed SNBVD! oletnR1d briSnudids BVHVIbr Ll ke AR 6k,
NP reg Qn, as thle 112 6@ Ghe bl hofe Q:@nulteﬂ ‘Bh?v 2ROV s - %9 &Y [h@'llk@ Shos!i 0

a furt h%’errede is a com m%qgcéme%y% nsm a u te B?o sub-fypes 13,OI

combi nAt | pe
2. Pr ef°é°Fd5?E>1° { "'efi"ﬁ’é‘“'%‘i?“t‘%‘ d‘Etprésa‘“ B 'i‘?mﬁ%@“é‘&“‘% HV%Vn‘g"e f

t he f ol PEiZh Q““SVW‘SW patedto cogpipations pE BVIGpyes cqmpriping ongyyr My
Yor K5 93enuatsg BEIVEX tpe b arefpiably pf sybiiyee 18 g QP%@W@?@?&W@I BYBY ofgype 2,

| east orfaablpfof spiityee 2=RNSrdingto Sy egpodipfat of they prepnf ioygmiongily phrase
descr i bedvaad®ype (typan ehdpr2e ingidaibit it n@ timikd@@ibbingiad of VD tiRes
doubl e campHsiad bheSor Mdret “Rkritated BYIR/ oEfRNSpe 8dcle INRore ditd@ @i BVDE SF sub-

|'i st edypdiv, bl Gie & AN Ben@ROMBY 0BV MircferadNesuBMM- 2 are

di fferenti at ed accor di ng to features of their genomc

se q uen ﬁ' more W li;lua?es BV ed in Qeo cg b% ldon vr;xc%rlesear:s g nc%b%?herem eaph of
e

: E:r ﬁlaﬂ U sl}ou d mutatedQn sgr%%%lomlces{teeo} the E txd/ortﬁ T\H“Ssuc {h tthe
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30 prefered embodiment of the present invention, the phrase “attenuated BVDV (types 1 and/or 2)”

en ua

includes but is not limited to combinations of BVD viruses comprising one or more attenuated

BVDV of type 1 and one or more attenuated BVDV of type 2, wherein each of the attenuated

BVDV is mutated in same genomic site of the EF® and/or the NP such that none of the attenuated

BVDV can recombine with any of the others to eliminate the mutations within the EX™® and NP
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infections in breeding stocks of cattle. In
particular, the invention relates to the use of a BVDV
W0 2e/12802 as descri bed herein in the nmanuf act B€BEUS006060918
conbi nati on vaccine for use in the prevention and/or
treatment of BVDV type 1 infections in pregnant cows.
Preferably, the BVDV type 2 as provided herein may be
used in the manufacture of a comnbi nati on vaccine for
use in the induction of fetal protection against BVDV
type 1 infections in pregnant cows. Surprisingly also,
a BVWDV-1 as disclosed herein may be used in the
manuf act ure of a conbi nati on vaccine for use in the
prevention 25 and/or treatnment of BVDV type 2
infections in breeding stocks of cattle. In

par tic urLlé’ﬂra:e egsgga] !mE]Y&ﬁ)QJs LIQ Rr td ﬁtlan%uﬁ%f thg vJuQ@ Auﬁ'gngqg an@ther
BVDV t th)gdlnlent §t§he glgs%n? Elé’te?n thcj.'lpglj;sgla[[]enllatn‘l l%:llgg (t;[;gq d%rCZS Liu’clgdes
a conb tht 1s not l{mnted to, a cor?bmg\;b\/g\{D vll'lruses éomfmm]pgeonet op rLo?eV attenuate EVDV of

and/ or

cows. S“?’P%efl%f’“éﬁ‘ re atiprpyged %‘%{?f g 1oy nd g mnafr g “*feE’JB‘E'%

i nveht P FESO %@%ﬁ2$ﬁ“F%éwhﬁﬂﬁ@§@WﬂﬁﬁDBF5%W“dms”“
conbi nerimisritewiited ned/rdhe Njsugh thapnopelygatinysd RYDY om regpfnbifieitn|
pr ot ec tuy oftheatyas tndiminB\iR\iuthtigns @it the EF 2ot/or OFf Svhicnare e@@tial and

pr egnarépongiyss the dbagation piitefiges ed i s t he use of BVDV type
1 and type 2 in conbination for the manufacture of the
conhgna&&gnm&agg&m@§mgescribed herein for use in the
?;S\éegk{noﬁ? éﬂ%{}{;{g zﬁ%ct Lfrthg ﬂl;emé‘ﬂl n%fhod%vgl}%ugmyggﬁestlwms @lgrgcte%d in

pr egnagltt atcla\(}vsoneamﬁnatlon mn [hg cc%ln% se(alglceq’orgﬁco (ftem E amf/or aijﬁst W%‘l
2007/ 119483 et P88 B D6 b8 TE™ "b‘?egf’% cgte‘l°‘8% agai nst BVDV
type 1 and/or type 2 infections in pregnant cows.
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b, and 2a. Thus, according to a preferred enbodi nent
of the present invention, the phrase "attenuated BVDV
(types | and/or 2)" included4but is not limted to
conbi nations of BVD viruses conprising one or nore is
attenuated BVDV of type 1, preferably of sub-type |Ib
and one or nore attenuated BVDV of type 2, preferably
of subtype 2a. According to further enbodi nent of the
present invention the phrase "attenuated BVDV (types
1 and/or 2)" includes but is not limted to

conbi nati ons of BVD viruses




conprising one or nore "attenuated BVDV of sub-type
| a, one or nore attenuated BVDV of sub- type |b, and
wo@p@7017300r e attenuated BVDV of type 2, preferptl/ysmwhe6/060918

sub-type 2a 20 If nore than one attenuated BVDV is
used in the conbination vacci nes as descri bed herein,
each of the attenuated BVDV should nutated in sane
genom c site of the ERNS and/or the NP such that the
none of the attenuated BVDV can reconbine with any of
the others to elimnate the nutations which are
essential and responsible for the attenuati on of the
viruses. For exanple if BVDV type la 25 with one of
the following ER s nution is used: H349K, H349L,
H349del , H349Q H349SV (nutation H349S and insertion
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c) introducing nutations selected fromthe group of

del etions, insertion nutations and/or substitution
wOorioatisns i nto said cDNA, wherein said nut at i PCIEFUS2086/060918

| ocated in the coding 20 sequence encoding

gl ycoprotein E" and/or the protease N', d)

i ncorporating the cDNA into a plasmd or into a DNA

virus capable of directing the transcription of BVDV

CDNA into RNA in vitro or upon infection of suitable

cells. Regarding the nethod for attenuating a BVDV

according to the invention, said preferred nethod 25

conprises the steps: a) reverse transcription of a

wi | d-type BVDV nucl eoti de sequence into a cDNA;, b)

cloning said cDNA; c) introducing nutations sel ected

from t be, g5.0wR 79 7451k bl NS, 784, NSEdbdl 94 8£W§3@at 4R, s6%,
and/ or 87°/S§ép%g} gr UJ% hg loghgtto Ien%m) ac1 srl]Legce aios dhgrl bre Mé?e%gl)ﬁ In

sai d t at

encodi nso suc|1 tlona? vali:lant s atc[eéstS 92/ %‘K 99 95’]/ 7% or 98‘%;3%&0%(81% e

i ncor pBr ﬁ’ : ﬁ%’e“&GL‘iﬁfRS‘*F hef"B "é“‘ Ieﬁé"fﬁ sd““é‘?‘““?“i’it”?ﬁ‘a“é‘s PR
virus 8%("(?&%? h°81"°$?1‘f*?@*‘cf‘t“1“??g‘d 5le‘r‘f%‘“* dgdogtis@ i pti on of BVDV
CDNA into RNA in vitro or upon infection of suitable
cel | s. M4<praffahlY @4, Alfe bt 838 BVPCH/AISEQ 0606 @ FT Sutatiph@clehagz e
sever akeletid 61l the elidn d@lingGSErGjisBIRCIES(tekRIOUNE-H), Ar i{ dT@ctiafall varianMAdreah
I epr es et SerdBe add Al affendateil BVOR as BOARIC kultabdA akdfor A mutation as
POl YN UGLERE HedR whthl: RE oo B HAGkink 6 of @ B¥INM A LoRUAL G
as decpihgd, rtlgﬁ‘nﬁ 1?<!lelgted J;Jép\(%oﬂ&ons %4 lL&asto aQJ’J FelRb@t LR sLuE‘
the Cogoublegnugnq q)rrespo ds’to a ino amd sex]ﬁjgce Sl(:')d’ q}o 8 te athI]&%q\ldlll or 1s a

codi ng_seq ,

mut at i BFL° ?1 éagiiﬁ "E“e‘ff i reg“‘%voﬂ% et ety av‘é?ti 6%’ h“°8‘f‘°g‘t“h‘é the
RNase &BPiaA tHrs direlest 'aeh §oF At c bt rterahvaentis sl 794

t he 1 nd¢4 12%dt’ 1% Bt e’ iAo traeftye &t §5%-3% 37%
resi di A 1 or IpfPhomologfuxig Arpdmg acid fequengrdisdazdd berepalor psfereply@lrre e S
of W | ehetifyrpienals gigptiedie 31 %0$2%8%, 04%ad5% BRI/ S of B Bl @bugto the

|'i st ed amifd@didafuendB@idtiosdEnenih. MBd: prédiraBly, Kuldtf@nctibhal VGt bs 26adi BObaD
NADL NQBI% h&gﬁﬁﬁa lﬂ)lfhe AG& ﬁ:ﬁl@é.qme cii\sgosed E‘lé}éil 1821 Strain

Gsl gss NCBI GenBank Accession No. [ MP66871 Str ai n

SD L Nl BnPAnk, GRSS dmgno%g L e e R gl S

cCess Sf
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GenBanRkeore @ & Psriongs botl s PDapd 2 NSpya reqfisg)y & RYegy C
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sequenedsn. B mMint dRgonks'tc'smad £id ARSEISEQD tho. adX@MRI XTKE-C NdN) or
is a functional variant thereof. Preferably, such a functional variant is at least 65% homologous to
the amino acid sequence disclosed herein. More preferably, such a functional variant is at least
30 T0%, 71%, 72%, 73%, 74%, 15%, T6%, 17%, T8%, 79%, 80%, 81%, 82%, 83%, 84%, 85%, 86%,
87%, 88%, 89% or 90% homologous to the amino acid sequence disclosed herein. More preferably
also, such functional variant is at least 91%, 92%, 93%, 94%, 95%, 96%, 97% or 98% homologous
to the amino acid sequence disclosed herein. Most preferably, such functional variant is at least
99% or 99.9% homologous to the amino acid sequence disclosed herein.
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10 nore in detail. Having this information, a person
skilled in the art is able to realize the manufacture
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attenuated BVDV as provided herewith. Mol ecul ar
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pol ynucl eoti de sequence, as well as the cloning and
anplification of said nmutated pol ynucl eotide are for
exanpl e provi ded by Sanbrook et al. 1989 or Ausube
et al. 1994. 15 Most preferably, the wild type BVDV
which is to be nutated as di scl osed herein corresponds
to amno acid sequence SEQ ID No, 5 (terned Xl KE A)
or is a functional variant thereof. Mst preferably
al so, the BVDV has a NP" nutation as described herein
corresponding to amno acid sequence SEQ ID No. 6
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Most preferably also, the BVDV according to the
i nvention has an E' nutation according to the

w0 pooentizean whi ch has a substitution of the codp@I/Usm0EIEH0918
for histidine 300 by the codon coding for |eucine
(termed XIKE-C), or is a functional variant thereof.
Most preferably also, the BVvDV according to the
invention has both a E mutation and a NP'" nutation
according to the invention, 25 wherein the codon
coding for histidine 300 is substituted by the codon
coding for leucine and also the conplete NP coding
region is del eted, except for codons 1 to 4, thus
am no acids MELF of NP remain. Said nutant
corresponds to am no acid sequence SEQ I D No. 10
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gl ycophEreanhage-boyipqPrella sgbortys o Braglla gt 214 ety i sn Liig2
t he 2t oapnprytogsnesy Gidamadin isitipei. Eleytripmy’ chauygeie Flesirigjuns geptichmpy Olpstyitlipng n
I N t heheotticry Gedliveneei Clowidigh yo@hr Obsedivn ferfingehse alokgiditnd
i nact i wat,i V@i boviRNEISSeIACHp] Wietsila I p@ebihddibe) GalthoRel EfyBhingieh Or
sai d MydinRhelldd Mevipblt, t MRob&REhinN Gviuthe GARBER 05k, O Iory PWoridihn A Sund, O
I nact I %%#&Buﬂ%@mn%@étﬁh Noacus amegvﬁrgbtomnsgyswaﬁie%fr@p&&us ulﬁlasCh

of the {%‘?1 Y t,@yqop% é{spir%ay%ﬁl&é}} &8, ﬁa?&%a sp¥), e[ﬂtQ?[Ln%ﬁse

Z:: : :nl(,l)a e d yon verrucosum, rﬂg 0?1 ét()n mfnﬁgroplg tes, Tl‘l F}ﬁon sar][.u?gl)vu
to el i Nfrgt éa‘“’f“ﬁ‘e‘fmf‘ﬁf{yaTP’PBﬁ'ga PnPR=2 H‘é"'"é‘hﬂ“' SebEER SPvisng
whi ch SiFecaiesEprortneieid 4489 r esponsi bl e for the
attenuation of the viruses. Even nore preferably, the
conbi nati on vaccine conprisé$s attenuated BVDV type 1
and BVDV type 2, both having at |east one nmutation in
the coding sequence for glycoprotein Ens and at | east
anot her nmutation in the codi ng sequence for NP,
wherein said nutation in the codi ng sequence for

gl ycoprotein EmM |eads to inactivation of RNase
activity residing in Em and/or said nutation in the
codi ng sequence for NPm | eads to inactivation of



20 said NP. Most preferably, each of the attenuated
BVDV is mutated in sane genomc site of the Ens and
wao b@7MP7305uch t hat none of the attenuated BVDWCHNS2006/060918
reconbine with any of the others to elimnate the
mutations within the ERNS and/ or NP which are
essential and responsible for the attenuation of the
viruses. 25 Rel evant bovi ne pat hogens ot her than BVDV
include but are not |limted to: i) pathogens of viral
origin such as Parainfluenza-3 Virus (PI-3),
I nfecti ous Bovine Rhinotracheitis virus (1BR), Bovine
Respiratory Syncytial Virus (BRSV), Bovine Herpesvirus
(BHV), Bovine Rotavirus (BRV), Bovine Enterovirus
(BEV), Bovine Coronovirus (BCV), Bovine Rabies (BR),
Bovi ne AE@;}&]&%V Ifm%ﬁlﬁm the pr@eﬂtdnvé%goﬁ H:QMS o 4‘!:§mbﬁglg1 vaccine for the
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Kl ebsi edepta@ociai) QiibpmMtihed BueptRadud bk, | Bychpyafada | s MtyctipThsma Tispar,
Sal MO N 4y dohsiA EIMRO brkd » Urddlio6r DL t18Kidnbhi¥had Yokehd Mrrichophyton verrucosum,
paraf u %ﬁoﬁ%ﬁﬁeh@oph%s afma,ymg Qfxlsdi® NAHEE URaum §$r&eﬁp¥o%1%£ us

dy Sg al aC&u Q%ésla blgemma and%% C O G g Hlstyoca llesRilu?mole(L!u)gwprrgglse Oeg ens
of other or| gl n, suc Fasna I'spar,

Mycopl asma bow s, and U eapl asrm spp_, Tritrichononas
f oet us ACFPEEHEEIR TBH™PL ff CBSUH{ ™ T CHEPH e opFeine for the
nment ag f“iﬁ‘ﬁ?‘i‘i/i“%% propiryiaig of G5¥A Wb*h‘“@ YRS GhheiresPirNgPadyeproguctive
caniznu stk ocattie rvhepeinThe soppitatips ageine qqommied 4itgnuated FUPY iepprd piididi 2um
par vumnes d&seripg@tha¢osmd @ ileasrmnk Gntiemingynoldsigd) @tive ompingyedffecva foa mel
Babesi a:abd@vinGar prophy0rxiudl Ghfedbbng tahs@BATRR Yksmhs i004]. PRrddig B a preferred

( Lung WeHibbaindhie S8 aﬁlaaatlon REATTES somﬁnﬂ@aﬂﬂﬁaﬁ&@ﬁl (lifp&\'i Qidlod 43 described
rel at eﬁerethnd@t le%pﬂght@cgt)ﬂ Iﬂﬂco\‘lm] ﬁ&orﬁn@ Eo a‘iar@[@wc‘ anﬁ‘o@iL]LIBHJ BN d
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Ia?I :Ct Iv:%c%? oflm}e t‘/k)s and :I_conglal;]n(s:i Lbﬂlc\,/ gé neanelysc’lg(i‘ npes rvatlon
her ei n"“4Ha%4 furt her i rmunol ogi cal active conponent
effective for is the treatnent and/or prophyl axis of
i nfections caused by Parainfluenza-3 Virus (PI-3),

I nfectious Bovine RhinotracKeitis virus (IBR), Bovine
Respiratory Syncytial Virus (BRSV), Bovine

Her pesvirus (BHV), Bovine Rotavirus (BRV), Bovine
Enterovirus (BEV), Bovine Coronovirus (BCV), Bovine
Rabi es (BR), Bovie Parvovirus (PPV), Adenovirus
Astrovirus, Mannheima haenolytica (fornerly

Past eurel | a haenol ytica), Pasteurella multocida,
Haermophi | us somus



20 (Hi stophilus ovis and Haenophil us agni),

Actinonyces (Corynebacteriun), Actinomyces pyogenes,
w@hioatrydan psittaci, Canpyl obacter fetus venerp@l/US2086650918

Campyl obacter fetus fetus (fornmerly C fetus

intestinalis ), Leptospira interrogans, Leptospira

ponona, and Leptospira grippotyphosa, Leptospira

cani col a, Leptospira grippotyphosa, Leptospira hardjo

(Leptospira hardjoprajitno and Leptospira

har dj o- bovi s), Brucella abortus, Brucella suis and

Brucella nelitensis, Listeria 25 nobnocytogenes,

Chl anydia psittaci, Costridiumchauvoei, C ostridium

septicum Costridium haenolyticum C ostridium

novyi, Costridiumsordellii, Costridiumperfringens,

d ostr IAgerr[pto atflﬁl];ea&“bodlmm ﬁm@%ﬁ@éml nﬁ'enQ)Q\élatgs 'to JSL:%Q&L@;LDL&L for P
Kl ebsi ?f% .{mQ.t RO& HI{RJL&@& 'can@%mﬁpﬂﬁ inbeBhons YRRy reproductive

Sal mone ms in cattle wgerem &9 c matlon sf:accgg clzog rpsesa artte\?uatrgl BVDV (types 1 and/or 2)

par at uBEFedio

Or y pt s BOFFHT AP B F-Eone S ARt ete cappp) esive o e
St r ept BEEEERLT HPEHT %E{e‘i"%m@mbﬁf P ot QL decurdyi ogareers)
Mycopl erberimess. g comhigation frcoms srepriehh aitpyapted BVDYY Gtorprl ! asifaed) 49 deveiitsd
and Ur &l gtiegst ogqaymigen of P [temboddpbnOnas  f oet us,
Tri chophyton verrucosum Trichophyton nentagrophytes,
Tr i chopRMEIR R aGidfiedmSdaihbnt, she prdNRIGH §dh BblatGsad Y cBrhbNMiGrf vaEiRERd: thy
Toxap| asih HOR Grbhhaxis SR Seuidke kb CHRETA 3 1R ALhirRAES kbductive
bovi s ’s gQrg in cge %eYengn{él H)lmuémo}{ La}.[c np@&ﬁ? Léssa JIaH& 'WHQ il%Ls 1 and/or 2)

g\lcggrase)descnbeﬁ herel anp QYeas;I'one 3 er Emclznrc{lo C ac 1ve com onen

the odi e

el B At RS DB btk A s
t r eat mEFEELTTPIPGE DFPEBHT AReSOBRs ARPE IS VR WPR S tndor 2) s
mi criobiesritsgfiereindnd 4t et ans priigsyef BRSY [cembe P0Ble,.  wher ei n sai d

vacci ne conpri ses attenuated BVDV (types 1 and/or 2)
as desaecirideth aeticeimBodiang thagresdnigra@tion @lates k@I TbribG@ith vacOie for the
Par ai Nirdath@nador FropWilakibld cdtlbgais) viral ittt bif 1R WSpirB@Nand ¥ebroductive
Rhi not L,aGh Riclie She¥elnlind SombidaiYaccinBOMIriREaRBEPBVDR REM andvor 2)
W nqy t lasa:Jescn\[édrhgén :QnBB%&Q one ﬁﬂ%l 191@11:1(!_@1(:@ §:§v¥ IchUo%enﬁm ffor the

BOV I'n e gvci/or prophy axBls%mns useq %y €Ol \61)95 eferred
BOVI ne @ lme tOVI mat Og yaccin éOm I'ISCS att U3 eﬁgﬁl\/? €S I%F 2 §escrlbec?
Par voviTus EROVITTUS fﬁsf F oVl FUS AR ETRY S
haenol Wel“é'ﬂa‘(el‘sm‘erfﬂ'lg?“yf%‘ég‘t“@&?lgi | a haenol ytica),
Pasteurella multocida, Haenophilus somus

( H st optiprdingde adiythesempadihent-ithemesgptiivintipg refaiesryd 4 combjigtipn vargrpf the
( Cor y neb@aet @d/dr broghylaxis Jicditie painsy/ dra $nfepigro ek espiratdShandrpayodiictie
pSi t t aektems CaNRWhDRAE to@binafiol tactHie MBINRE B@hate SBVEN Eypes 1 and/or 2)
Can‘py| @@ elh& MerifOand 8 lickhS onk ﬁlttﬂdrslml(ufn@JgI@ Bclivy ccﬁp(fnﬁt dif&ctive for the
i nt est 'trQﬂiLnk aﬁd/c)r prop‘n@gg c@ ﬁﬁéngﬂ?‘caﬁs&ltb@ﬁﬁ QIQQ’E]-§ [!conllr@(ﬂh o/é&f'di‘l?to a
har qJJ Y g eL190§Hénr fﬁ’e corpoglm%me%%ns ea&sugtél%lvﬁ@(lypes 1 and/or 2) as

gr! ppoFrEf lﬁc?hereu‘lan af | atstonegmn%_enofl%ﬁgnrd Glg(l)COTILlTSpt ospira

gri ppo osa ltospl ra

har dj opraj i tno and Lept ospira hardjo-bovis), Brucella
abort u§°°°"JBl‘v’ (PE&IThenemEgment. Spgiesenipp e7Eog o ia‘ﬁ “rﬁé’f"i‘bt“@ﬂ‘svf’%“e for the
Li st er iatmephaée nyr@geélh@ attle @qlpsaw (mfealorp &fi thetrepirjtory and reproductive

ctive for the

G ostridi um chauvoei, C ost#Ftdi um septicum
A ostridi um haenol yti cum d ostridi um novyi,
Clostridiumsordellii, is Costridiumperfringens,

Clostridiumtetani, Mraxella bovis, Klebsiella spp,
Kl ebsi el la pneunoni ae, Sal nonella typhinurium

Sal nonel | a newport, Mycobacterium avi um

par at ubercul osis, Cryptsporidi um parvum

Crypt spori di um hom ni s, Staphyl ococcus aureus,
Streptococcus dysgal acti ae, Streptococcus uberus,
Mycopl asma spp, Mycopl asnma di spar,



Mycopl asma bovis, and Ureapl asma spp., Tritrichononas

foetus, Trichophyton verrucosum 20 Trichophyton
woreswagnBephyt es, Trichophyton sarkisovii, NeoSPOF/ES2006/060918

cani num (fornerly Toxoplasma gondii), Babesia

bi gem na and Babesi a bovis, and Di ctyocaul us

vi vi parous (Lungworm di sease) According to a further

enbodi ment, the present invention relates to a

conbi nati on vaccine for the treatnent and/or

prophyl axis of cattle against viral infections of the

respiratory and reproductive 25 systens in cattle,

wherei n the conbi nati on vacci ne conpri ses attenuated

BVDV (types 1 and/or 2) as described herein and at

| east one further imunol ogical active conponent

ef f ect lsylltgns ranE:tle t»\he%m ﬂk Eo%ﬁ&am? %ann%ﬂﬁn@! attgﬂagcpltwv lasﬁ alﬂfor 2)
i nfect I 0 §l‘lbf% 47% Yeasl Q %r 1 Lﬁgolo%gail'lchve A&%goggn ftglgve E‘op [hg

pr ef erre
conpr i geétténent or ?.1]'?5) gpags da va glufeg Jllpﬁns JlR%O}con%o glf] Accordmg toa
descri BET RRABThOSHEgen PRStPERa R By BH 8T ! f“%‘f-?z’ »
[ conbo dFpPdhereinEEdFa on grisene BR g BESY (P 8hbodi nent, the
IBR 30 antigen is a live nodified virus [conbo 003].
Accor dirrgditetp adurtheyigmbddignent, e invetiph relattshyen corapirdipryactipedim the
Vacci neeaditnt ad/dr evpthdekied cddlyEensovndl inkeBibs 601 trasyiiriddy aBd reproductive
ant i bi @tk in chie GhereAQHO EMAGibaiibn vaktE coliriRSMnAL BVOR (typksQ GIIQ)
004)i6  4A%eb2a 2007 hnd & (R0 Rl/ ibR20564 QR0 LhBonen \GERE & RY
to a fyLL0ehed FRRALIR Rcion! BEed B/ BR smm [2&4.4%95151 %colfdﬁé @l es
toac OrFO cp emgofhmem I¥e cr)r%:bmzl;hon v.f;c(cllrr;e cgmhr?sesta enug B\tz ﬁ 83s gang?r 2) af]
ect e

re) err.e

prop yF cribed her, d l t %xff and IVr[a 01 ns o
respir 5?8'??’ aht éaf)r"‘gﬂ’ﬂ FRVERR NS f%‘h’s 'n cattle,
wherei n the conbi nati on vacci ne conpri ses attenuated
BVD\V? ( tisppiting togp fugthegigmdimen), the pyasentiipveptiop felglesce grembinftipp vaceiey fog the
| east Gweenf ad/dqr brephylaxinyfigatie baaigi irel linfegtierts pidle rerg#qyONEEProductive
ef f ect kysténs fn@attle,twhe@inThe tomB@tionerine @RElfeOdttenBreORMMY |(1epksi 1 Sndiof2)
I nf ect bsOlRGibEAGLE B YeasPhne Rirtfe:GRATADGIOD Rilve coBBAT Ehichg ok Be A
pr ef er gQdent SPPREhyIBIM infechihkQaulc@By iRl BIBR (MG 617N&cording to 2
ggggi : %e@e&%ﬁﬂ&ﬁ&&%bﬁ%&%a&lﬁe)é%r?’ses]atteﬂl%%/ BQE\;]%)OJes a%ii/or é) as
[ conbo éﬁéjlhe nl‘l ldagoneang enofﬁ?andBl%R}?conam JSp

ccording to urt enbodi nent, the
present invention relates to a conbination vaccine for
the t 8%t PeL ekt maHarbfe BrBPHTIALE Yreotaien ewendaifst
viral FRPEETYSAePhRis of le peaiashyingl apfegsiony of s esniragst BHIEROE ISR
Sy St2e meystimy ingattle thharein thyppmpigafion vapchecommyprbrtemested IRV iepesd jandier 2)
conpr i saescratdthairual @ tasBMDWriet iypedogital ativel ca@pondd) effecirg for the
descr i bashenh@d @ préphyRRAChf @fectidnCaBd byOM-E and BAY [R@1¥bo 019]. According to a
| MTUNO LGl ebodiRA& hd/EmimQBPRBRImpREsl @6k EBDY @hes | BOr 2) as

t r eat MeQtivedidh Q5 ot I OR BYLeAok biS R birh i hfaGlo] ONS caused by
BRS\, [corrbo 007] According to a rmre preferred

enbodl Jna i on vaccin

at t enuafce ddg mbo 1ment e preseat 1nvent102 eates to npmbmaalon vaccme for 8e
her ei n"SHg" Kt P‘é"g’é% %fﬁa&'e AP g r‘{‘feb%“s CEVR ‘%E‘S/n%‘e t]V‘?
Accor dPFE t6*ts “REre TR eriReieh HERPHISTRSes FiEstei VY Eypps | and/or 2)
i nvent psoreribed | hegtineand ot draspong By imanglagiepl getive cdmpraent fpetive (g the
treatment and/or prophyl axi s3bf cattle against viral
infections of the respiratory and reproductive
systens in cattle, wherein the conbinati on vacci ne
conprises attenuated BVDV (types 1 and/or 2) 20 as
descri bed herein and at |east one further

I mmunol ogi cal active conponent effective for the
treatnment and/or prophylaxis of infections caused by
BHV [ conbo 009]. According to a preferred




enbodi nent, the conbi nati on vacci ne conpri ses
attenuated BVDV (types 1 and/or 2) as descri bed
whegogittr3ahnd at | east one antigen of BHV [ comborO/0$2002660918
According to a further enbodi nent, the present
invention relates to a conbi nati on vaccine for the
treatment and/or prophylaxis of cattle against viral
i nfections of the respiratory and reproductive
systens in cattle, wherein the conbination vaccine
conprises attenuated BVDV (types 1 and/or 2) as
descri bed herein and at |east one further
i mrunol ogi cal active conponent effective for the
treatment and/or prophylaxis of infections caused by
I BR and PI-3 [conmbo 011]. According to a 30 preferred

embodi BB anfblEord ‘EQES@ o Bikek iR cé(lé@Gy' BR, FQMRS 'Bﬁ@slgombn 021].

ﬁteil:' :Ingﬂgcggn %\!PME &4190 1§1en[’l'the%nr9)mglon me%én nsgg &gtéd @9\/ (type?rb o
0121. AC o] or Zgas dﬁcn?? erein faned aﬁ t 01% antl en af lLl@%ﬁ a.ndt RSV c?mb S’zglt

i nvent P! a‘(t’“éé““?"&s w 'E"dﬁﬁ'u 'ﬁeave'r'sasr{w{ra "8?‘ rf%mfdtﬁ% 10 g2 figther

t r eat mETPPIEH &7 8T CPIIhy Ak PSIBR A Eh tofigens Ay aedt g rirg

i nf ect prgPESHntigehis a filled \yinys grpreho Y24 Agdording ftor adfetthee erpbgdzment BJaif\D
2007/ 13omB6&n REHE, HOBROEY BERFSY Bhtigeas\ie kitlad irusen (capitid @241 €,
wherei n the conbi nati on vacci ne conpri ses attenuated
BVDV ( taith@ toka dibelénBddimed), theyfiesli@iéation RRIGE 1 W2binkiordBtlnedd: the

l eaSS QQ&enf %HJ/JI br%yléclwg Iaggigsl \Qrallnfeaﬁrs biMfe r&&m@rgﬂoductlve
ef f ect L \altgns ]‘ngaqtle tvxpe%m thte Eoﬁlmaﬂ;ﬁ CLI:cmca&l l'lgg attplﬁagcpl;%lv las% anngor 2)

lb\gi:g(r:t I ocp b&l%erem and af eas one f er m le) ol%lénacp ve ch]ngonent n%c}lvre] g){ Ithe(s) n

Vace! et B Rl By ﬁﬁ%?fnéaa%\} B st am S gy 02

as b5 dfé?%’lg|‘°Bé'a‘erﬁ‘bef"é‘F‘He“bﬁ“cf°'ﬁ’t“*‘“r"levéf§”fe ol '@“étf‘i‘l“?‘ﬁé}ﬁ"vo(fypef BR
and 'BRSYY{r @6vereive et and ldeasiopiptigyy o RR. BRSY epd Pifielpombo 027).
enbodi ment, the present invention relates to a

conbi Nateor@a ARG d1@odienE, the fiegent ifvén@d telalsNd a cabEIAOT vaccine for the

pr ophy k@itnSan®dr propBliskil & caRig AdaifhSiliral \kektiakds of 1k fre@yirtdnyCaRSrepiliucitvi €
respi r gLk % o3 ndieRk QRhblch Vaine SMileCdiBuale BVBR(tfpks@ and/or 2)
wherei B 408eaGOmPhNAthle m&&hﬂlﬁa&g@aﬁ%ﬁdﬁ onét &AW @d

|B \e/g;/t (¥n¥191 an%/orr{)roglylaoxtl‘s 0? nfe 1ons Ic.:ausec[:i %Z@E: e IEIRJ pom§ gZSIat
ef f ect Igi:/coer lr*g toaprtefﬁ'red em o lm n bmano l'lccme comlpnsmﬁﬂg}?natg);(]?g A pes
i nf ect I BHY 2eEe_Y 5P a‘ldBI*?ash"ﬁ"(f““B‘T—ll?fP[“% {ombo 029

According to a preferred enbodi nent, t he conbi nati on
vac gt néccadngrajfustesembdiment; revtresart iwwre(awsywsmblnaﬁawekﬁivrfor 23
as desemenb@dlor prephnkinof amiel agaitst lirg dgttiord pidhe gaslirtgyennd repfoduetBR
and BHYstinG @rdae whkded Ihe comBinafhe GetielionGiset Mend@uted RMDY ly@ks 1 and/or 2)
enmbodi aeRtribedtntin I 8 F@NEne BRI 818 kdPondnOefetiive for the
conbi n @Jatlmglpan&/(@&&ﬁyg)@s oﬁ 1Qf£ct10tlsnﬁlsed Eyrlﬂ@hmtllﬂa ﬂdn‘bg 530] Accordin
prophy lo%laf&rea‘%&b GRhL heo Jﬁga%&nré%@lne YoloeRs an'enﬂaﬁeﬁﬁdv?.%ki%s 1Qfwolf1€
respir ator yed Qereln%ld at B t one anti; eln Xf?BRhP?yss combrtl) Oﬁ

wher ei  ‘THE Ficon vacci P2R&ht t enuat ed
BVDV (types | and/or 2) as descrlbed herei n and at

| east df?@d“fg CProTReF SRR BF BTTCHTR ERP\R? eRiienTafite for the

ef f ect irspent yglor pripbylaxiy of @il pepipst virgl inéeftions oo oppritgpdnaaRd reprogiftive

i nfections caused by PI-3 an@ BRSV [conbo 017].
According to a 20 preferred enbodi nent, the

conbi nati on vacci ne conpri ses attenuated BVDV (types |
and/or 2) as described herein and at | east one
antigen of PlI-3 and BRSV [conbo 018]. According to a
further enbodi ment, the present invention relates to a
conbi nation vaccine for the treatnent and/or

prophyl axis of cattle against viral infections of the
respiratory and reproductive



25 systens in cattle, wherein the conbination vacci ne
conprises attenuated BVDV (types 1 and/or 2) as
waele®eniesl herein and at | east one further PCT/US2006/060918
i mmunol ogi cal active conponent effective for the
treatment and/or prophylaxis of infections caused by
P1-3 and BHV [conbo 019], According to a preferred
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Leptospira gri ppotyphosa, Leptospira borgpetersenii,
Leptospira hardjo (Leptospira hardjoprajitno and

Lept ospi ra hardj o-



bovis), Leptospira prajitno, Leptospira

i ct erohaemmorrhagi ae, Leptospira bovis, Leptospira 30
WO nioentBgans and Leptospira ponona [ conbo 056]PCT/US2006/060918

According to a nore preferred enbodi nent, the

conbi nati on vacci ne conprises attenuated BVDV (types 1

and/ or 2) as described herein and at | east one

antigen of I1BR, PI-3, BRSV and one or nore pathogenic

species of Leptospira, preferably selected from

Leptospira canicola, Leptospira grippotyphosa,

Lept ospira borgpetersenii, Leptospira 56 WO

2007/ 117303 PCT/ US2006/ 060918 prajitno, Leptospira

i ct er ohaenmorrhagi ae, Leptospira bovis, Leptospira

i nterrogans and Leptospira ponona [conbo 057].
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present invention relates to a conbination vaccine for
the treatnment and/ or prophyPaxis of cattle agai nst

i nfections of the respiratory and reproductive systens
in cattle, wherein the conbination vacci ne conprises
attenuated BVDV (types 1 and/or 2) as described
herein and at | east one further inmunol ogical active
conmponent effective for the



30 treatnent and/or prophylaxis of infections caused

by IBR, PI-3, BRSV, BHV and one or nore pathogenic
waepeeiles) of Leptospira, preferably sel ected PEDDIS2006/060918

Leptospira canicola, Leptospira grippotyphosa,

Lept ospira borgpetersenii, Leptospira hardjo

(Leptospira hardjoprajitno and Leptospira

har dj o- bovis), Leptospira prajitno, Leptospira

i ct er ohaenmorrhagi ae, Leptospira bovis, Leptospira

i nterrogans and Leptospira ponona. [conbo 064].
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25 069]. According to a furth®r enbodi nent, the
present invention relates to a conbination vaccine for
the treatnent and/or prophylaxis of cattle against

m crobi ol ogi cal infections in cattle, wherein the
conbi nati on vacci ne conpri ses attenuated BVDV (types 1
and/ or 2) as described herein and at |east 30 one
further inmmunol ogi cal active conponent effective for
the treatnment and/or prophyl axis of



i nfections caused by IBR, PI-3 and one or nore

pat hogeni ¢ specie(s) of Leptospira, as nentioned
w@bwvel173ahd H. sommus [conbo 0701. Accordi ng tPCHUSINE060918

preferred enbodi nent, the conbination vaccine

conprises attenuated BVDV (types 1 and/or 2) as

descri bed herein and at | east one antigen 58 WO

2007/ 117303 PCT/ US2006/ 060918 of IBR, PI-3, and one

or nore pathogenic species of Leptospira, as nentioned

above, and H. sommus [conbo 0711. According to a

further enbodi nent, the present invention relates to a

conbi nati on vaccine for the 5 treatnent and/or

prophyl axi s of cattle against infections of the

respiratory and reproductive systems in cattle,

wher ei Reh 6 céBIQJ'@LeB@&rL 91 N AGE LDEpifa B R Bpiva RLSERAU AL G

BVDV ( [éé&??apé'm N4 QU feofdormdescri bed herein and at
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Leptospira gri ppotyphosa, Leptospira hardjo

(Leptospirahardjo prajitno and/ or Leptospira
wha0dfioBbovi s), Leptospira icterohaenorrhagi aePCT/US2006/060918

Lept ospira ponona and H. somus [conbo 076].

According to a nore preferred enbodi nent, the

conbi nation vacci ne conpri ses attenuated BVDV (types

1 and/or 2) as described herein and at |east one

antigen of IBR, PI-3, BRSV, 59 WD 2007/117303

PCT/ US2006/ 060918 Leptospira canicola, Leptospira

gri ppotyphosa, Leptospira hardjo, Leptospira

i ct erohaenorrhagi ae, Leptospira ponona and H. somus

[conmbo 077]. According to a further enbodi nent, the
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Campyl obacter fetus [conbo 082]. According to a
preferred enbodi nent, the conbination vaccine
conprises attenuated BVDV (types 1 and/or 2) as
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conprises an imunol ogi cal active conmponent effective
for the treatnent and/or prophylaxis of infections
caused by infections caused by Mraxella bovis and/or
Kl ebsiella spp., preferably Klebsiella pneunoniae

[ conmbo 189]. According to a further enbodi nent, the
present invention relates to a
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vacci ne according to any one of [conbo 001, 002, 003,
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i mmunol ogi cal active conponent effective for the
treatnment and/or prophylaxis of infections caused by
i nfections caused by Eschericia coli [conbo 1931.
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a further enbodi nent, the present invention relates to
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i mrunol ogi cal active conponent effective for the
treatment and/or prophyl axi s8bf 30 infections caused
by bovi ne Rotavirus [conbo 198]. According to a
preferred enbodi nent, the conbination vaccine
conprises attenuated BVDV (types | and/or 2) as
descri bed herein and antigen of bovine Rotavirus

[ conbo 1991
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further enbodi nent, the present invention relates to a
W@ o09biltsd3 on vacci ne according to any one of [RPOMDS2006/060918
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022, 023, 024, 025, 026, 027, 028, 029, 030, 031, 032,
033, 034, 035, 036, 037, 038, 039, 040, 041, 042,
043, 044, 045, 046, 047, 048, 049, 050, 051, 052, 053,
5 054, 055, 056, 057, 058, 059, 060, 061, 062, 063,
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conprises attenuated BVDV (types 1 and/or 2) as
descri bed herein and at |east 30 one further

i mmunol ogi cal active conponent effective for the
treatment and/or prophylaxis of infections caused by
bovi ne Coronavirus [conbo 202]. According to a
preferred enbodi nent, the conbination vaccine
conprises attenuated BVDV (types 1 and/or 2) as
descri bed herein and antigen of bovine Coronavirus

[ conbo 2031
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81 WO 2007/ 117303 PCT/ US2006/ 060918 According to a
further enbodi nent, the present invention relates to a
W@ o09biltsd3 on vacci ne according to any one of [RPOMDS2006/060918
001, 002, 003, 004, 005, 006, 007, 008, 009, 010, O11,

012, 013, 014, 015, 016, 017, 018, 019, 020, 021,
022, 023, 024, 025, 026, 027, 028, 029, 030, 031, 032,
033, 034, 035, 036, 037, 038, 039, 040, 041, 042,
043, 044, 045, 046, 047, 048, 049, 050, 051, 052, 053,
5 054, 055, 056, 057, 058, 059, 060, 061, 062, 063,
064, 065, 066, 067, 068, 069, 070, 071, 072, 073,
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According to the present invention, an effective

anmount of a conbination vaccine adm nistered to 30
W@ a60vh1€7303 ncl udi ng pregnant cows and cal ves nuPGI/N§R006/060918

pregnant cows, provides effective inmunity against

m cr obi ol ogi cal infections caused by BVDV and at | east

one further pathogen as listed above. Prefered

conbi nations of antigens for the treatnent and

prophyl axi s of m crobiol ogical diseases in cattle are

i sted above. 99 WO 2007/117303 PCT/ US2006/ 060918

Acording to one enbodi nent, the conbination vaccine is

adm nistered to calves in tw doses at an interval of

about 3 to 4 weeks. For exanple, the first

adm nistration is performed when the animal is about
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anot heg, l%Eu?To %! defidd (&HQ&Q | 43! nlnuscl Qénléﬁipﬁlelmg‘s& ), BALGLL on the
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annual PEEET&Ys wHeo Frbt Mt O g nat i on vacci ne t hat
is effective depends on the ingredients of the vaccine
and the schedule of adm nistration. Typically, when
an i naetdodsgr @dmari rus or a nodified live virus is
pr epar &t knier importdd SeREbdiinddt of teBnvai 1 b Rdtod GHlihe YrébyTakid W2 reat@dit of
amount ¢Qfses tdaes vy BERI ek Bvidd phoBBic ABQKLnismE) Avndrdh ARG
109 25'_ Chm Bglqbedqllgérﬁmd ﬁ%e@& 'ngnagélcy ac@zb QH%ne;ltpe%ecﬁvQ fmain Qéa{ﬁnen;l' 08
TA D50 mgL%axm f IHDmfec caus1eae b sa14 f¥rlher b VIilE a 0 mwroorgl 1sQnul's:
108 TCf 6@'%&*‘" a'a"éas"ea Rt W B B0 ﬂ #e21 and
2) is effective when adm ni stered tw ce to the ani nmal
during a period of about 3 to 4 weeks. In general,
i nact i ¥¥aNREEgNt i gen is normal |y used in higher amounts
t han | Me@I@Dg svodllieswine @ funtieriilyg@tsthe prksgy inG@ibr, iyt theydmedhould not be
bact er koddrued s tirhig@te stofe oli@tkniondistiR@ hg@Di nat i on vacci ne,
t he vaccine contains an anount of about 103 to about
109 colony formng units (CFU) per dose, preferably,
about 10 to about 108 (CFU\,Refe dose, nore preferably
about 105 to about 106 (CF per dose. In the event,
t he conbi nati on vaccine conprises |live nodified IBR
the anount of IBRIMHEgeHMFLY FEBPHPEFIIYS I n a range
of about 105 to 1075 TCI D50 per dose. In the event,
t he conbi nati on vaccine conprises |ive nodified P13,
t he anbunt of P13 antigen isi%referably in a range of
about 107 to 109 TCI D50 per dose. In the event, the
conbi nation vacci ne conprises live nodified BRSV, the
anount of BRSV antigen is preferably in a range of
about 10,5 to 106'5 TCI D50 per dose. In the event, the
conbi nati on vacci ne conprises killed IBR, the anount
of IBR antigen is preferably in a range of




30 about 1070 to 1090 TCI D50 per dose. In the event,
t he conbi nati on vacci ne conprises killed P13, the

wa@emant73ed P13 antigen is preferably in a rangeCD1S2006/060918

about 1072 to 1092 TClI D50 per dose. In the event, the
conbi nati on vacci ne conprises killed BRSV, the anount
of BRSV antigen is preferably in a range of about 105
to 1075 TCI D50 per dose. In the event, the conbination
vacci ne conprises killed Leptospira spp. the anmount
of each Leptospira spp. antigen is preferably in a
range of about 107'0 to 100 WO 2007/117303

PCT/ US2006/ 060918 1010 (CFU) per dose. In the event,

t he conbi nati on vaccine conprises killed H somus the
amount of H. sommmus antigen is preferably in a range
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i ntraperitoneal, oral, or intrathecal routes are
prefer E%mn&NmﬁSJchal application can be effected

subcut qnGOUS|hyt’ers werese{ecqq?r mn%kllj\yﬂe veherd%dql%u‘: aneoyﬁel)él’s

i ntracar Intra I'ntranedulfarly,
mtrapUTﬁ%H‘EH‘/i“ “br di rectly in or near the tissue to
be treated (connective-, bone-, nuscle-, nerve-,
epithelial tissue). N‘Dependi'??gﬂaﬁ?n the d¥s$red duration
and effectivaness ofs t heontireaiimenin, t hexEanposi tions
according to the inventi oﬁn'mﬁaa‘w% admi ni stered once
or several tjnes, as wel intermttentl for

i nstance on %m—"fi% ly baS|As 'Taéﬁl“:fgs%ﬁ“er al yB>s/ weeks or

nont hs and in different dosages 15 Met hods for
treat ment: et another | nportant enmbodiment of the

invention is a method for the prophyl axi s or treatnent
of di SaHEwe "‘t‘,“ﬁ‘i}%%ﬁx“ﬁ%}“ ERAERPIes B PRE PHQ oo R P pestatus wes
pat hog&Rted AfCTRHST §R4E W@Tta' ffhe Hafem varPeatet EGAreY of 20
BVDV asgestetiense thd deyeoffinokpdation inqeulgtiagitock plact fralf animply i precybins efitimen |
active conponents effective for the treatnent and/or

pr ophy Hanet SereGifonitbritigor ithe) pré@tel oOdNini @IS SBVDY inf@ibrincluding bt éns
bovi ne st SEf RioCpetth. 8lod Qingla m@o_meites fromAId Bliniis Bf s@ 516 arkigen AN
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ts ﬁrev g aga(n)iples |v‘;'ere clf;]lacted éu{mg boutme néc(r;)ﬁs% %nr 4 e d%or g{r‘[sv u|1f 0y, ﬁ nt :: gg but
scoge of the invention disclosed her ei n. 30 EXAI\/PLE 1
BVDVXI R PEeneq et SYeiemmot Bt pieipioq sxamess fpmmpsediim 3 gt
hei f er 8VDVirgiaed (y® mpgipy. thejrpier 3t BYOY r49SDHYEA@E S pgiber of BVDV
positive fetuses at termination. In addition to the main parameter, clinical signs characteristic for
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BVDV Xl KE-B, an RNase negative nutant of the highly
pat hogeni ¢ BVDV type 2 isolate NewYork'93/C was

wo emonenesl fromthe infectious cDNA cl one pKANBZDBSENE060918
showed wild type like (w-1like) growh characteristics
in tissue culture. In animl experinents, the nutant
virus was found to be considerably attenuated so that
it represented a pronising candi date for devel opnent
of 5 a live attenuated vaccine virus (Meyer et al.,
2002). To test whether this attenuated virus is still
able to cross the placenta and infect the fetus,
pregnant heifers were infected with XIKE-B. As a
control, wld type BVDV recovered from cDNA cl one
PKANE40OA was used. The respective virus naned Xl KE-A
expr es§ﬂ§v ﬁl@ctl@c&r!ae}ﬁg a:ﬁ whl’%mgﬁecell Qaunts hpcolwptmg Gt Qemge%lule afte;rhe
study al, IEEQWJeralQaE ess the safety of X KE-A and Xl KE-B
in pregnant animals. 10 EXPERI MENTAL DESI GN Ten
pregnant heifers were selected froma BVDV negative
herd. TH®% ol | owi ng groups of 5 heifers were included
in t he BT e pukgsed Fovocemdrs GRYRA- O 2uings. ot et e olfyyiae j
n. admnirfisigtentereivgpusedX] KE-A 3 nl in each nostril G oup
2. 50nei. n. admnistration, XIKE-B 3 m in each
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exper I m?-‘QeE Q‘ l BV]‘)‘él %laJnJa E.IM/DI bu%r cga?;rréarm rfl%m pa%mt M\ﬁ/ﬁmﬂ 9a§3’e§ed @)O a
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col | ect edesfreyomiitridby pimsicahgaginafion pefopanogylatgy Presnaey twascpesypen 60 -
det ect i ondagache Wiioti@culaton grokerde infesnav@ re@rdcount ed. The
experinment was term nated 9 weeks after infection.
Non- abg&isedn £OWs wWere sl aughtered, the uterus exam ned
and ,col | ected. Fetal organ sanples were collected
duri ng r oUibecRgonNECT OPS WKIKENlivevraBN D\edilaid O BVDV
i nf ecti on.Co2BsiPhie pres eﬁms@em mﬁfee*! Qallnpnvﬂrsf’feélthlttm was t he
mai n eval R aiaararet i
BVDV-r el ateghidaow nort a T, hte@amey&snemﬂbumﬁﬂgsaﬂtan fur
BVDV-rel ated abortions V%WHWH@“‘FFGWB@“@EP@VDV

pOSItlve fﬁ)HH(?@V%V@UEdO& 'l"pellstraml CID issue D the
mai n parameter, clinic LP;I 3, 409, h Acteri SPic for 102

WO 2007/ 1143R8vdbe vkl Bdoded 18 BVDV T fectipn,
viraem a adrdicabnirdue bl odwangsél | counts in cows, aAnd

n e inoculum was sent in a pre-diluted frozen form
rectal te nﬁ%?aai afrdgagaf t él;lPa 50 ml vial on dry ice and was stored at —70 °C

before inoculation. Immediately before inoculation
of Group 1 heifers, the material was thawed
avoiding local temperatures above 37 °C. After no
ice was visible in the fluid, material was gently
stirred and immediately used for inoculation of the
animals.

Unused inoculum: The volume of the unused material was measured
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chal | enge were eval uat ed.

Animals 5 Heifers were

purchased froma farmfree of BVDV. Only aninmals,
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of Group 2 heifers, the material was thawed
avoiding local temperatures above 37 °C. After no
ice was visible in the fluid, material was gently
stirred and immediately used for inoculation of the
animals.

at ur es
ui d,
sed for

Unused vaccine:

The volume of the unused material was measured
and split on two aliquots before immediate freezing
in dry ice or liquid nitrogen and stored for re-
titration purposes. Virus and contaminated plastic
or glassware was incubated with an appropriate
volume of an 8 — 10 % formaldehyde solution for
at least 24 hours at room temperature before

discarding in order to inactivate viruses.

Pregnancy Control

Pregnancy was conlirmed immediately belore inoculation.

Inoculation of Heifers

The date of inoculation is Day 0 of the experiment.

In each nostril, 3 ml of the test material was administered intranasally by syringe without needle.
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ani mal s. Unused inoculum The vol une of the unused

mat eri al was nmeasured 103 WO 2007/117303
weEOWEaew6/ 060918 and split on two aliquots PEf/USM06/060918

i medi ate freezing in dry ice or liquid nitrogen and

stored for re- titration purposes. Virus and

contam nated plastic or glassware were incubated with

an appropriate volunme of an 8 -10 % f or nal dehyde

solution for at |east 24 hours at roomtenperature

before discarding in order to inactivate viruses.

Test Strain B Description: XIKE B, |ive virus BVDV

strain Conposition: Experinental material conprising

of cell culture su ematant of |ow passaged Xl KE-B BVD

conponents: BVDV type Il strain: XIKE-B Supplied by:

Dr. G e00&me VRNALSe syrinBMAIRST REnahbAGS: %%L:@J durinfs WE aspiration

v Ir USk h@hh@e}r&%ﬁm@ﬁ&s oTtllm%(ngé;( lét@f Meha]
Ehrlich-Stralie 28, 72 I ngen, Germany Applied

BVD virus dose: e 1 straln 105 TG D50/ 6mM (TCID =
Ti ssue °“dllﬂ°‘l”’l‘]?“é’"1“'ﬁ$é’8t i ve Dose) Applied vaccine

vol ufre Coligtiqq pd exqipatiop gopdstmplespnp| | cat i on rout e:

| nt r an&sdvasprilesstiplirtinegiandesd aseptropmepduresdianfictngyba Heeding sitr <t neent
i n a peelegrilgendeedp powelfor fagppmimal f orm in a 50 nil vial
on dry ice and was stored at -70 C before

i nocul @lbdaadectioh WpRadie atuml y before inoculation of G oup
2 hei f @118 16 RS BEsQbbRY NS ndilANEL are1 P340 HbcGior @&@Lekly
tenper Q’{:erl‘i'r[fe%ﬁ%n ﬁpapt}{e%m%ry uog:of théftuti)ggeruln Qas st&regg %@Csum}{ le(?bln!a en

the fluid, naterla mas gent y stirred

i medi at el nocul ati of the anlnals.
Unused 0% %"’“ﬁ’ é"" "f‘ﬁ"é’”e ”‘i’)‘f"ﬁ"ﬁ‘é”"@f‘ "“f"ﬁeé‘" fhsed material was
measur EQekeprgcow e 3t gt YR sty plet Slteeion 'tk Kl
fredzi mgels Veoigy JerumgiaropsN- Y- iLeyter delsiimp. perfishwit A 8P 4 EBACR3T or

re- MOL/L).

For buffy coat preparations, at least 15 ml blood was transferred immediately after collection to
suitable sterile vessels, pre-filled with 0.1 ml Heparin solution (Na-heparin for inj., 5 000 IU/ml lot.
20  ATBI163A exp. date: 11/2000: Gedeon Richter RT, Budapest, Hungary) yielding at least 20 IU

Heparin per ml blood in the blood sample. The content was carefully mixed thereafter.

For preparation of buffy coats and leukocyte counting, blood was collected from the heifers
. on every day, between Day 0 and Day 14 after infection;
25 e on every second day, between Day 15 and Day 40, or until all animals were negative for virus

isolation for three consecutive sampling time points.

Preparation of serum

Blood was allowed to clot at room temperature, and separated by centrifugation. Each serum sample
30  was divided into two aliquots of at least 2 ml each. One set of aliquots was assayed for BVDV

specific antibodies by ELISA. The rest of the sera was frozen and stored at —20 °C until required.
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titration purposes. Virus and contam nated plastic or
gl assware was incubated with an appropriate volune of
w@no08/117300 % f or mal dehyde sol ution for at | eaRCT/B&2006/060918
hours at room tenperature before discarding in order
to inactivate viruses. 5 Pregnancy Control Pregnancy
was confirmed i medi ately before inocul ation.
I nocul ati on of Heifers 10 The date of inoculation is
Day 0 of the experinment. In each nostril, 3 m of the
test material was adm nistered intranasally by syringe
wi t hout needle. 104 WO 2007/117303 PCT/ US2006/ 060918
Each tinme a new sterile syringe was taken.
Adm ni stration was performed during the aspiration
phase in order to mininmze loss of fluid via
expi ray,,g,g,,egjm,,;mt erial. Post-lnocul ation Cbservations
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Eur ope

EDTA (& %35 ‘“I\?t‘l?‘sL 03 rﬁ’brTg%'ﬁff"F“i/“‘& Sy p3t epaiardash gsed &

| east wf“l*ﬁa“mtﬂf Berebpreciard BYRY Prese-rogtiop masaiisate ! ¢t t er

col l'ection to suitable sterile vessels, pre-filled

Wi t h OB serkum dep@xELISU-850| ut i on (Na- heparin for inj., 5
000 | UEs serhrddample waQestdN £BhEBelens® Xf[B,VD‘dﬂﬁtﬁdies kidd ;2GR andCRaleO N
Ri cht eeLifiTies BuaRpestpy tHkbo@ ke Yé-2bod byNhcnbst a6 dBdated?fda | U
Hepar i Berfﬁﬁ&i bR 9 rhladE BLAQEIBRMRLE: hflE e RhRNt
was caref il f, Mﬂ? {&g%d&l?rﬁﬁe%%\h%myf@! preparation of

buffy coats an ukocyte counting, blood was

col l ect ed f.romthe hei fers on every day, between Day
0 and BEY 4 5PPer infection; on every second day
bet wee R 9% sEpI Ry 4, ‘hedfese'lﬁﬁ‘tf BYDVaYy |- %t%*‘??ﬁ Pféhe\ﬂré’i"é
negat i verarfddpifivepas (yh sujcapible el eyt cflidine. Nhfreedne eesrithowedipefpre eo-
sanpt i pdjivdienre poi nt s.

Plasma was collected and provided to Man-Gene from each sample.

Clinical observations
30  Observation of heifers
Animals were examined daily from Day 0 - 42 post inoculation for the presence of clinical

symptoms by a sufficiently trained veterinarian.
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Preparati on of serum Bl ood was allowed to clot at room
tenperature, and separated by centrifugation. Each
waenomsenpl e 30 was divided into two ali quot BCDUSZANG6/060918
|l east 2 m each. One set of aliquots was assayed for
BVDV specific antibodies by ELISA. The rest of the
sera was frozen and stored at -20 Cuntil required.
105 WD 2007/ 117303 PCT/ US2006/ 060918 Leukocyte counts
Leukocyte counts were determned with a
coul ter-counter sem -autonmated el ectroni c device
(Diatron Mnicell-16, Messtechnik GrbH, Wen, Austria)
with a clainmed accuracy of 0.1 x 109 / 1, 100/ 1I.
The instrunent was used (calibration and
| eukocyte-counts) according to the 5 manufacturer's

reco mTEf‘ gﬁtal %Swere Pgoﬁgi%daitsskl{gg& bpﬁwlrQHIrJ %nsgtg@e‘}téchm (lnni
bl ood ganp or%é%%i\ﬁ!at%n E% Q;QM&%Q aLthe} ‘?e s orée}%%ré}}g‘?oraé’ cefind

?SIOP aS éardsdsﬁmflons %Jecnal Gatt n%B was g?d to Bsplrap 16 5%1 d{l splratl nr 1tos(¥ate nlélsr;aleoi'
per f or f’r’\é‘J EFprepe: F"“’%‘B‘ﬂ% geeing. ff)‘ghlf% F\'ﬂ”‘ld g e (st erl | e

pi pettes, handling, clean bench etc.). The obtai ned
buf fy Eesalttesregsree r e- suspended in a small volunme (2
Ni|) ORecERivberalg}@re aragired duily Znepprh Betfer, at the mEhopr f theigy (peefefalgyliot S
of 0. 5thehamind)lr@n 1@ priciiathe inbdarhtiotuol 1\ay Crodibectianer e

i medi ately used for determ nation of blood cell
assQei BLiHleafRVhM obYeraCOimGahetulaVeabitu@intl Hch FnirREad BBl Sante€! |
cul tur @dow@%ug}gg)gog%wms@%sl“gg% ELI SA-test Each serum

sanpl e was tested for the presence of BVDV-antibodies
using a suitable and validated ELISA test (SvanovirTM
BVDV aﬁ‘t""c‘%‘%ﬁ'"‘”’t’“és'{"”ﬁ‘é'f‘%t 10- 2200- 10) . Each test was

val i daf&y r‘ivff °°"B“é‘fdfa’6‘rs‘|‘ﬁé“tf“ BECBOY T F7efPHY Oftifg detus was established by
manuf aéeed prainadon. rAEBRNREN Pomisd AiPgsiste) sulagarp g 3 mopdr e
di | ut eebstiR@latgr Fgregirpgontveg chripd ot Beyding'e &b gnetaly agheptedretainme
BVDV aptdideody titers. BVD antigen assay(s) Each buffy
coat sanple was assayed for the presence of BVDV by
CO- CUl Hlihheke QiR adi)'6r afy's8SdA hiYriion RIIRRAREH ofMeEilidy 8C QAlesks

W t h, syschRhdP!l € cells or a cell-line. No freezing was
al  owed before co- 25 cultivation. Plasm was

col | ectred and XI ded to Man-Gene from each sanpl e.

rmm tion of

d i ni caf ser vaful ons 30 (bservation of heifers

Ani mal & Wédff e ETURTITE TS U D MY BESTe e urg Fgtepend el
i nocul &g Hert Epsfereh o gpspddrapperecorsinere rakef Wity fhe numhgrphibasiisantyy
a SUuf f thedagliree| Gpntdinergers ergdsperied teas¢legiedmpoppyy oo 6

Necropsy of the heifers was not required. Necropsy was performed on fetuses, findings recorded

and a panel of samples collected as described below.

30 Post-Mortem Examination
A detailed necropsy of the experimental animals was done in each case of death. Post-mortem
examinations were carried out by an experienced veterinary surgeon and the data were recorded on
appropriate data sheets. Further laboratory tests were performed according to the clinical signs and
lesions observed. If the diagnosis of the necropsy referred to a disease caused by microbial agent
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WD 2007/ 117303 PCT/ US2006/ 060918 Al l clinical signs
were recorded and described by their nature,

weongitsBence/ t ouch, severity (mld, nmedium or BEWESBP6/060918
| ocation, size of the area affected, and they were
scored according to agreed and standard definitions.
Special attention was paid to respiratory signs
(respiration, its rate; nasal or ocular discharge;
conjunctivitis, sneezing, coughing, etc.) and
diarrhea. 5 Rectal tenperatures Rectal tenperatures
were neasured daily in each heifer, at the sane hour
of the day (preferably in the norning) from5 days
prior to the inoculation until 21 days post infection.
to Daily measurement of rectal tenperature was

CoNt i NYEE AL dal veRREE) aRIMrFRke 1 chQ‘o}tﬂ@'ageIL P RLRLMAIESS
bel ow Qolilectgcgl&'la@lleasttl 9& a?’ lmgeled Qorltan%ts al g%%%zen in l%gpnﬁggey Eém}{lg were

days. Detectlon. o |n errupted pregnancy Prégnancy was
conf i r red “and CUEPICi on for abortion or resorption of
the fetus was established by is rectal examnation. A
t r ai hedPoyetfrs AFTER %A ned al | animals at

i nocul Attt follgwing fgg saPpleypiarpopliccted fpmpde fefpsgpocul at i on. The
exam nat i on wasdds heditgeltaviaociondifngent 0 t he general |y
accept ed vetemnRadyymprodsti ce. Heifers were exam ned
daily for any gl.gn of abortion until term nation of
the study (8, - 1?§ weeks 20 post-chall enge).

Term nati on of "The St udy The study was term nated by
sl aught eri ng” tAig*W8i fers and extracting the fetuses.
Fetuses and T&i%- material were transferred into

cl osed t r anspore mggnioaitaesngn. mar ked wi t h t he nunber of
the cow and e 2bnpk fien td abcaiatif atiiable. CONt @i Ners wer e
transported to a sel ected necropsy room Necropsy of

t he hepl@h:cRSnddal required. Necropsy was perforned
on fetys mefinovagul &e@seeoercsi@c@d and a panel of sanples
col | ecte d(%orrL N avmgbw 30 Post-Mrtem

Exam nat i on A aa sy of the experinental

ani mal s was dc?ﬁ%’f‘i’ﬁ’“‘ééf&ﬁ”a@%\se of death. Post-nortem
exart nati ons® Werereckeri ed out by an experienced
veterinary sumgeosiclaminotehe data were recorded on
appropri at e dapian, sheets. Further | aboratory tests were
performed acgeqyugli, ng to the clinical signs and |esions

observed. If_ t 0SI. S, th sy referred to
a d| sease causge lug%iaéa%l e e]!:lacenta,r}a g’.b%g

20077 1;2@%3,,@(;];{,4,52@9@4060918 the di agnosi s was
verified by an approprlatetest specific for the
agent. Each tk&pEi€ Sanpl € Wase&0l fpcted in at | east 2
separate, |abglgd contai nersypand sphap-frozen in liquid
nitrogen. Sanpiesawere stor®ccat 70 C until

i Virus =70°C
require d. Tissue from heifers -70 °C
Tissue from fetuses =70 °C

Samples were sent for laboratory analysis as required by the sponsor. The choice of samples and the

30 timing of transport were agreed with the study monitor or the project manager. As a matter of
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5 Aborted fetuses and study term nation At |east the
follow ng tissue sanples were collected fromthe

w0 2t008€303 exudate fromthe peritoneal cavity PET/US2006/060918
thorax, if present, mesenteric | ynph nodes, spleen,
10 thynus, cerebel | um ki dney, bone marrow from
the sternum sanple fromthe placenta, if avail able.
15 Dead or sacrificed heifers At |east the follow ng

ti ssue sanples were coll ected: bl ood for buffy coat,
if available, Dblood for serum if available, 20
Peyer's patches, nesenteric |ynph nodes, spl een,

ki dney, uterus, including a sanple fromthe placenta,
if available. 25 Storage and Transport of Sanples
Sanpl es: Storage: Serum-20 C Buffy coat -70 C

VI rus geZeQa] C1 ll—lsaﬁﬁlueongng %aaﬁéd L]QJH§ or'ﬂZnQne\Qboth\gsawlél@ mte!tl&m
fetuseg (9 § Sanmpl es were sent for |aboratory

anal ysi s as reqU|red by the sponsor. The choice of
sanples and the 30 timng of transport were agreed
with t BE%Tdy nonitor or the project manager. As a
mat t er Seman ¥FSD weedGurdisparey T/ US2006/ 060918

gener al pr|n0|ple sanpl es com ng from aborted
naterial‘SPj%ron1neMFborn cal ves were investigated as

soon as pa&sd Dldenclusion BVD
No.
526 BVD abortion (uterus with placenta post- NT (no sample found)
mortem)
598 BVD abortion (foetus post-mortem) + (foetus)*
615 Clinical BVD abortion - (foetus)*
618 BVD abortion (foetus post-mortem) - (foetus)*
626 Died due to BVD + (foetus) / + (heifer)

NT: not tested

Group 2

Animal  Conclusion BVD

No.

469 Clinical BVD abortion - (foetus)*
565 Expected BVD abortion; non-viable foetus + (foetus)
588 Normal - (foetus)
608 Normal + (foetus)
619 BVD abortion (foetus post-mortem) - (foetus)*

* Foetuses were autolysed at the time of sampling

Conclusion:
The study aimed to assess the safety of XIKE-A and XIKE-B in pregnant animals. Ten pregnant
heifers were selected from a BVDV negative herd. Two groups of 5 heifers were included in the
trial: one was inoculated with XIKE-A the other with XIKE-B virus strain. Heifers were between
15 days 60 and 90 of gestation on the day of inoculation. Heifers were monitored for the presence of
clinical signs of BVDV infection including abortions during the observation period. Blood samples
were collected from the animals for serology, antigen detection and white blood cells were counted.
The experiment was terminated 9 weeks after infection. Non-aborted cows were slaughtered, the
uterus examined and collected. Fetal organ samples were collected during routine necropsy and
20  examined for BVDV infection.
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RESULTS 5 Summary of BVD rel ated clinical and
| aboratory data Gout, 1 Aninmal Conclusion BVD No.
wWG2878VBoRborti on (uterus with placenta post- MNT/[82906/060918
sanple found) nortem 598 BVD abortion (foetus
post-nortem + (foetus)* 615 Cinical BVD abortion -
(foetus)* 618 BVD abortion (foetus post-norten) -
(foetus)* 626 Died due to BVD + (foetus) / + (heifer)
NT: not tested G oup 2 Animal Conclusion BVD No. 469
Cinical BVD abortion - (foetus)* 565 Expected BVD
abortion; non-viable foetus + (foetus) 588 Nornal -
(foetus) 608 Normal + (foetus) 619 BVD abortion
(foetus post-norten) (foetus)* * Foetuses were
autol ysed at the time of sanpling 10 Conclusion: The

stu dy aﬂe I%ﬁélﬁ!}-Bthls W§l§ legsrﬂﬁloéﬁtf tﬁa]:l XIKQIA n%qeriﬁgess’%va rrlaﬂtec?ﬁxlﬁgn B

in pre on as observe the U ofe it conclude
sol bot %:gi%g!n %%J%éw Hen dF?J F?%%ﬂatgr ;h%& frh%.lé?o‘l%%g?o luged

hei f er & at the 1Fact1vat10n OF heg g@ee%oef rﬁtén'eve{lt?etall fe.ctlorb ne was
i nocul ated with XIKE-A the other with XIKE-B virus
strafn. Heifers were between t5 days 60 and 90 of
gestation on the day of irA¥&¥Pdt2 on. Heifers were

noni t or ed f OBVIVIXEERFNIS daaprath@énicity@isdssmenCigbregamigyriers of BVDV
i nfection including abortions during the observation
per i 0dThe Bt-@ach @ b@so be MRE& Lt olo@E dr €SFY Qe Tankiiel S
for §e5.loh9@QM€venaﬂIg}; gﬁ&f Q.%\@Qtaheﬁlﬁho@ﬂ donmlzntee)f h‘* QQQoaneJuli S
vere couit e o uIJL%teﬁ HRE ol e TR A oV Sirs %ﬁ E@st';lé&keﬁ% b9po§é{ﬁ§4ﬁ§

af t er I nf ?u%le mglcaied [ﬁ aent e:ﬁ)(e:rmen?sq' r‘&&%]éay E §4OP H 7\?;:&?31 e2gl73

the uterd

sanpl e<”* \%&‘Ff%e ‘6"8‘?" ® i‘,“%eﬁ'ﬁf‘ted‘ﬁfﬂ?eh@ ¥t e mﬁ%@%ﬁ v arft"e 20
exani n&EETrEYrE IS 13 podese Birs Ty N 73 0ne excet
PCT/'USHPOFS] eyt eglons, was deleted from the full length cDNA clone pPKANE40A according to

standard procedures. The resulting mutant full length clone was used as template for in vitro

transcription and the resulting cRNA was transfected into MDBK cells as described (Meyer et al.,

2002). The recovered virus was amplified in tissue culture and then used in the animal experiment

described below. BVDV XIKE-B served as a control since it was shown before that it is able to
20 cross the placenta (EXAMPLE 1).

OBJECTIVE(S)/PURPOSE OF THE STUDY
The study aims to assess the safety of a live attenuated BVDV with a genomic deletion of most of
the NP coding region in pregnant animals.
25
Material and Methods applied are described in Example 1

STUDY DESIGN
Eight pregnant heifers were assigned at random to two groups. They were treated and observed

30  according to the following schedule:

Groupl Group 2
N 5 3
Treatments XIKE-A-NdN XIKE-B / control
Route Intramuscular
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The XIKE-B virus proved to be | ess pathogenic than
XI KE- A, nevertheless BVD rel ated abortion and
w0 ndogatizan of the foetus was observed in the XPEEUR006/060918
group, too. Therfore it can be concluded that the
i nactivation of the E a RNase does not prevent fetal
infection. 5 EXAMPLE 2 BVDV Xl KE- A- NdN.
f oet opat hogeni city assessment in pregnant heifers The
NP gene has been shown to be nonessential for growth
of CSFV in tissue culture (Tratschin et to al.,
1998). Even though a proof for BVDV attenuation in
consequence of NP" deletion is still mssing, arole
of this protein in the interaction between virus and
host seenmed to be possible and was actually indicated
by 1 ecentyEXRRt inBfdlenait 60 P00 ¥r grelfant liay Gof iitudyy 2094
Ruggl i et/ominatiof003) « Vilinifal3pds€T Or € wanted 1o
i nvest i ggfe:vaceiaier hier © t Ygem d dbs@tli. @h42efd attehvenatiomj or part of

the NP d8dihg seﬁuén&fﬁﬁ?@ﬁ%’o@iﬂm y‘l‘f‘oﬁyjﬁ t hat _no

| onger i Mp&EGbent e Tt HS,: JaibloByf €YTTAMTt fTeT ers—The NP
gene, exqaepkoi s fol’ t h@gabpanctr@ kifid iRRdon 4 codons, was$
deleted fromthe full lenath cDNA _clone nK/_\I\IFAﬂA

- ﬂgziofst%%' r retard E r!é%cal st_uigﬁ E sttt
accor dl ncE 1men| ﬁﬁgﬁ%ﬁ

mut ant  f YhMkinol @rﬂﬂ({n@ Cl ONRar¥PBindihd &J daaﬂedtpﬁmeafoﬁbhﬁdﬂé in
vitro trjanscri ption angdndtares o drepiert eppdpl eoﬁNA@pMsThe
transf ectied into NOBK cRLESEACESCL A, SRLET o2
al ., 2002). The recovefotkecsiiel LiSotodth&iraxidhahtfid 1R tadkd)
tissue culture and then Va@,lﬁﬂelf’nlwqﬁ ngh@eddﬁlthﬁmesﬂ eggﬁth ment
described bel ow. BVDV XIRESRIIEE Vit S8 ot 81"si nce
it was shown before that 1t |s able to 20 cross the
pl acenkesuEXAMPLE 1). ORJECTI VE(S)/ PURPCSE OF THE
STUDY TingittwedeYead diPprdefn: 356 851 LNGmA3ofli ¥ b0 & BYHVE4

at t enuavmonBidle\etnt thehmitaiogenoniyc del eti on of nost of

the NP coding region in pregnant aninmals. 25 Materi al
and MePhoogonanSeiteldf berVaugedforthedeeionn Exanpl e | STUDY
DESI GN Ei ght pregnant helfers wer e assi ned at random

ll d
to th\D wﬁ;‘guﬁj})«:@; o co-srlé.\y%atron on, sultab %-s?te ug:' zg:es%) t%lru g é;lzlarage]esrlllolﬁen N

accor d;nmgfoiioc;mf owi ng" sch
53 Treatnents XIKE-A-NdAN XIKE-B / control Route

| nt r anmusc fasple 1 Yinggmpin g7/ (Divtiorydesenptien |Sp qdepaiBdg g
Vacci nat i on¥Tienehetmmen days!8®*°&hd 90 df pregngncy 0
of the studyTibQpsersyat [ On$2aoiteiwitod epening| QNS 4.0

~—+

VTic Return of #2b 2.8

. 0,
VT2a XIKE-B 1:2.2 (at 4 °C) 23
VT2b #3a on ice without opening 2.8
VT2¢ Retum of #3b Negative

Clinical Symptoms of BVDV Infection

15 The table below gives a summary about the animals that had clinical signs during the observation
period.

Clinical signs and the days post inoculation (DPI) when they were observed

Group 1 (XIKE-A NdN) Group 2 (XIKE-B)
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Post -vacci nation Serum at days 0, 14, 28, 42 and at
termnation (inlife) WBC at day O and then daily
wo ero7a3omys Buffy coat at day 0 and t hen dai PgT/i/82004/660918
days Post-nortem G oss-pathology (day 60) Organ
panel for virus isolation Type of stud : open
controlled clinical study Experinental unit:
I ndi vi dual ani mal Method of blinding: Partia
blinding. No detailed procedures for blinding and
access to treatnent schedule were applied. The
observing veterinarian at the study | ocation and the
pat hol ogi st were not be aware of the treatnent; they
only received a protocol extract relevant to their
tasks. Vaccination was perfornmed by the investigator
or his assignee. Sanples for virus isolation were

coded by the . lnvesti gamies until[all _resultls are

avai | abl e. RééUEf%‘ All Weilfers here eal t Hy and

pregnant at study stant1s8Alll ani 38 d\rtﬁ\&ﬁa to be free

of BVDV ahmm0§m0¥DV aftt+podi es b fqrg tﬁg Hnitiation

of the stUwmimbepar ation and Coptrtot jof-the Virus

used for t¢reuwttinfiecti on Sanpl es were col | ectied

t hr oughoutN#ishgee ut | on steps ang—assayed—gn the day
Oral erosion . PN N PG )

of prepar aghPBnontlaget. | 10- Wit _hout freezing oy

co-cul tivapirbR on sui fabl e Jti ssuge culfure. [The results

of virus t ion_are-shown in the fiol%bwi ng tabl e.

Sample ID wn sp'lof‘??h.ke”a'i tion u,rl:bkllpllon Lo io

titre/n m&amXIKE- NdN12(a 4. 4 Vle(S)

#2a on i ce w thou REturn of #2b 2
VT2a xPﬂEm%”ﬂmfwﬁdW s@% e§“§W%m“v%§§ AIL DR PR
wi t hout® GPEnithty' 5t heilry e logmafrpits obd $A3 1 FReyhtr grbor the 3
d i ni caimiSyrlitssisnt BENEKEs| apeistced Oghire3rorH dat AT &bt ow
gi ves ercomepnirdenitylosedhmertite in pyeof ipdnid s t hat had clini ca
signs during the observation period. dinical signs
and theg, fdaYs,..Resf | noculation (DPl) when they were
observed Goup 1 (XIKE-A NdN) G oup 2 (XIKE]E}Thf

S e Iew

No abnormal temperature changes were detected before the moculatlon of the ani

cases of elevated temperatures measured after the inoculation are summarised in the table below.

Group Animal ID Temperature (°C) PI day
1 1583 399 8
1621 39.0 5
2 1438 39.0 2
1585 40.8 9

One animal in each group had slightly elevated temperature, and also one animal in each group had
fever. Fever was detected on day 8 or 9 P1. Temperature values always returned to normal values on

the following day.
Leukocyte Counts

Some leukopenia was observed in all groups between PI days 3 — 8. The number of animals with at

least 40 % reduction in white blood cell count is noted below:
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111 WO 2007/117303 PCT/ US2006/ 060918 dCinical sign

Ani mal Animal 1D 1583 1438 1585 Loss of appetite 8 -
wao7hamshy ymation - - - Conjunctivitis - - - NeSHIUS2006/060918

di scharge - - - Oral erosion - - - Oal haenorrhage -

- - Dharrhoea - - - Coughing - 12 10-13 Abnor nal

breathing - - - Elevated respiratory rate - - - Hoof

erosion - - Only mld and transient clinical signs

wer e observed in sone of the animals in each group. In

Goup 1, one out of the 5 heifers had | oss of appetite
on day 8 PI. In Goup 2, two out of the 3 aninmals had
clinical signs. Both heifers experienced coughing

around day 21 PI that was 5 acconpanied with | oss of
appetite in one of the animals. Rectal Tenperatures No

abnormal t t:ll@rwpat tit UNumanﬂHEﬂngEuka‘&EaVbt‘bICd hbefore the
i nocul ati on of the ani mals. 3flesf ew cases of el evated

t enperatures Peasured after 1BKB%)} nocul ationlare
summarised in the table below. 10 G oup Animal 1D
Tenper adraveaBY{DVGhtibddlessday 1 1583 39.9 8 1621 39.0 5 2

1438 3 % cchpl%nce v]nﬁ §l§stuﬂ$9>ro§c09all h%@we@ Hée IEE%IVD‘!/ Qtlb@@&g leorg l;a&HQionh ad
sl i g t yGroup Eg acuPath WIIE mﬁ%dkl) and Group g énocul%ted OQ g(ll&% corrglet% ;

each grou ver VEr.

SRR LI R
values on the follow ng day. 15 Leukocyte Counts Sone
| euk op &RP dvifalgtiopfesdefPsesisi n al | groups between Pl days

3 - 8. Nqfremigyesrperd of aninmals with at

10  BVD virus isolation from fetal tissue samples

Group 1 Group 2
N 5 3
Treatments XIKE-A-NdN XIKE-B / control
Route Intramuscular Intramuscular
Number of fetuses |4 out of 5 foetuses |2 out of 3 foetuses
in which fetal infected infected
transmission was
detected:
Conclusion of the |Fetal transmission | Fetal transmission
virus used for for XIKE-A-NdN for XIKE-B
treatment has the | observed observed
potential to be
transmitted over
the placenta:

Conclusion

The NP deletion resulted in a considerable attenuation of the BVDV in comparison to the parental
15 virus XIKE-A that was shown to be highly pathogenic (Meyer et al., 2002). However, the NF
deletion alone is not preventing transmission of a NY93 based virus recombinant to the foetus after

inoculation of pregnant cows.

EXAMPLE 3
20 BVDV XIKE-B-NdN: foetopathogenicity assessment in pregnant heifers

To be able to test the potential of a combination of RNase inactivation and N** deletion with regard
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| east 40 % reduction in white blood cell count is
noted bel ow. 112 WO 2007/117303 PCT/ US2006/ 060918
w@x@ap1¥mber of animals having | eukopenia / tPCHUSD06/060918
3/5 (60% 2 1/3 (33% Serology (BVDV anti bodies) In
conpliance with the study protocol, all heifers were
free of BVDV anti bodi es before vaccination. In Goup
1 (inoculated with XIKE-A NdN) and Group 2 (inocul ated
with XIKE-B), conplete 5 seroconversion was detected
only at study termnation (2 nonths after
i noculation). BVD virus isolation frombuffy coats No
virem a was detected to BVD virus isolation fromfetal
ti ssue sanples Goup 1 Goup 2 N5 3 Treatnents
XI KE- A-NdN XIKE-B / control Route Intramuscul ar

Intr aml$y H‘l/ %uan&lum\%r tragtmssrog théeﬁtﬁBVﬂV QHlttantgtnmaelJn&?&nMﬁ e 2
out of N3 Cidlg el%éfL% @/ée stprshe ga e??ea ous cISH c%&e%gA E%elget]{%%e
eletlon

: : gﬂ:mneéa%lve mutanl:o 84 EWI a

XI KE- A‘”Nd?%l’"’f‘_‘b‘i’eseﬂﬂe ?@e deing “‘_“'E‘P‘Eé*tef’ﬁéeﬁ? _°fﬁea?§d SN S
obsef vagkine bgreetie Gmec B9 P sP s fieicdtisenrapre XKEE-NIN (V-
pl acenpissc). : @ymechnipisingarieleippef thipompige"@tofliggppsipresssept foresqdons ho 4
consi dendiiingo teRNenlvitigeelaifn of féon BYRY cliogan forompamliegeimert 0
t he pasieai ekbined be dtirbdiGitatéhsilith Acebthva terowi SrarSlaGIE) TheQime the
hi ghl y spptd0 gaR st yIRE sm@ilaeddvpy isdhthdjegnantipivy er , t he
NP’ 10 d ell\reavbo-ﬁlaga@l/e%gnadt ﬁmf&%re Qgcaéfe@ ﬂltrelm[s]ﬂy wah ANV 3dsR IOOf
a NY93 T&Bﬁﬁ%&h& li:l',‘QI\IdI(I %E&H’G&ta%@ Ieconrdéa dJll gloc]‘d Qaﬁlgég %er?!Ioltegerd for

i nocul alt1 lﬁﬁ O, celi coE‘l[m QE})? oat éurepam 1ofl, and serolo, %erf?:srmmanon cy Qe stud é{ fetal

o corclon 3iélsllhe recovered vause]s were a?aﬁ zed

Xl KE- - B enicrty assessnent 1 n pregnant
hei f er gssues were collected for 1rus isolati

15 MATERIAL AND METHODS:

As detailed for example 1:

RESULTS

No clinical data were observed (data not shown). Leukocyte counts remained virtually unchanged
20  except for a significant decrease by approximately 40% below the baseline value (day0) in heifer

no- 1015 on a single day (day 6 p.i.) (data not shown).

a) Analysis of buffy coat preparations:

Approximately 10° leukocytes were cultured in duplicates with MDBK-cells in 24-well tissue
25 culture plates for 5 days. Samples were freeze-thawed twice. One hundred microliter aliquots of

thawed samples were inoculated onto freshly seeded 24-well tissue culture plates and tested for

virus by indirect immuno-fluorescence staining (mAb Code 4, directed against a conserved epitope

in nonstructural protein NS3). No BVDV could be isolated from the buffy coat preparations of

animals # 921, 1013, 1015, 1055 and 1075, whereas positive controls clearly showed the correct

30 conduction of the test.

b) Post-mortem examination of fetal tissues

After termination of the study the following fetal tissues were collected for virus isolation: spleen,

kidney, thymus, sternum, cerebellum, placenta, intestine and abdominal fluid. Briefly, tissue
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To be able to test the potential of a conbination of
RNase inactivation and NP deletion with regard 113

wODd0200736317303 PCT/ US2006/ 060918 to BVDV at t BCIIES10061060918
and fetal transm ssion, different BVDV-2 nutants with
deletions wthin the NP' coding region were
establ i shed based on the infectious cDNA cl one
PpKANE40B, the RNase negative mutant of pKANE40A with
a del etion of codon 349. The recovered viruses were
analyzed wth regard to presence of the desired
mut ati ons, the absence of second site nutations in the
regions 5 flanking the introduced changes and their
growth characteristics in tissue culture. Xl KE-B-NdN
(V- pK88C), a variant containing a deletion of the

CONMPl e Gerbibis wereQle Y mbrBGikid RerX & G andfi@Lold@REARR: > InPmd.

i n addlMLlla]Q r\l/ers gns d%h R ‘l?(':gcofd QE& Evi!thyu?EAz*nagd glgl g]& Isu?p@nsignfs were
codon 34

9 was chosen for ani mal experi nent I nce
R A i e e e
gr owt h*CHEPEE Pl pyegy 2 sopnbilgriphipgs O 4o Lo UERS SRS 19
assess “AFeeusafwige (10 uh el e suppion orafel BU/BYTRE drare i n
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Whi 1,8 BYSAGdGEdebkorefiR M UhpleB UL dacmAdbuiddr epar ati on, and
serology. After termnation of the study fetal
tissueasﬁﬁfem]ollected for virus isolation. 15
MATERI AL ARD METHODS:  As detail ed for exanple,l:
RESUL TS RIG“ET P 857 “Eaf'am e pEdBe@ior d Fortigy Soolg = «
shown) =mnEkS B3 &- LBt ¥ FelrarHel ©rpiedidr ryreifnetiteted
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1015 oOknlcalates byt reth@ ayKagrigayo Gfinfle data Jould Babianedrotdaydhd@ivngd 2 a)
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| @UK OC Ydufafrarfedifis b6 ddledicbl i Rher biRdiokb Uik ih Stk BSinindlvdel bod 3Kk | S
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Sampl eg, yer.e reeze-(;ih wed tw ce. e hundred

. e end oﬁ the experiimerit . .
mcroliter aliquots of = thawed sanples were inocul at ed
onto freshly seeded 24-well tissue culture plates and
t est ed BN rus by indirect inmmuno-fl uorescence
st ai ni AY PEnREreChtes b i Fdctel sy dr APV XIKEGH bRk 2
epi t2opbighlyjapnuptesiyyisys. fn rettrest tey vildpgipeotingsi opthe B3 mutadoXISDY XEkEwt d
be 1 soNa&t tegkhdwrfgamrabshigsiobin brbgyantheiiart at igheqpahatbibie maanGifd not cross
ani mal se facdi2 ByDVIOBR-NINQd &l as Libbdodia duta]:ﬁ)g&;(trehﬂl}eﬁilﬁﬁ&r use
posi t i weiealddl.sine! €early showed the correct 30
conduction of the test. b) Post-nortem exam nati on of

feta] Ehg@q@&m A Jy&[ionﬂt%m nation of the st udy. t he

foll ow.n f.qt al ti ssugg vere c |l ected for virus

. Twopossible problems have e taced with 1 to_vaccination with attenuated virus mutants

i sol at i o spl'een = ki necé, ffﬁ'énu‘s, Ster AU )

cer ebePYRIRBP 46 B a5 BB s FiinBereah & SBBH BRYR APt Fefs

Briefl V?tecfoin gegvﬁeéBVla_Vllégnd BVDV-2. At least vaccination with inactivated BVDV-1 vaccines
did not prevent the transmission of BVDV-2 to the foetus in pregnant animals. Since protection
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WO 2007/ 117303 PCT/ US2006/ 060918 suspensi ons were

made in a nortar using sterile sea sand and ice-cold
weBB7mBhout Ca2+ and Mgt'. Mortars were ri nsePCTS1004/060918

m ice-cold PBS without Ca2+ and Mgt' and suspensions

were centrifuged for 10 m nutes at 2000 x g (4C). The

supernatant was first passed through a disposable

0.45 mfilter holder, followed by a second filter

passage (0.2 pmpore size). Virus isolation was 5

carried out in duplicate (400 pl fetal tissue

suspensi on or 100 pl fetal abdomnal fluid) on a

nonol ayer of MDBK-cells in a 24 wells tissue culture

plate (37C, 7% C02). Tissue sanples were controlled

daily for cytopathic effects or bacterial
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end Y Oi Elﬁffy go S%Ll!esglgpal)@@aﬁer Ca&gglonb%re Lm[alged fo$ ﬁg presence of virus as descrlbed
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wher
obt ai n ri mal stu
BVDV ng Bl | B o gt oy SO e
vi rus. M E'Bn‘ia"l"%@f "‘“t“&'s W I“‘d s”("&"/ ﬁ‘éem\7|°f aicaly Y TS URST H’g‘le*@e
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doubl enamut@ntowal d Nnot cross the placenta. BVDV
Xl KE-B-NdN as well as sim |l ar double nutants are
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pos %6 b ln%;ppcatg QJ §eﬁ€§a‘ zﬂ?%&o&le? %t IZE@Qn% qIYWI/C (ﬂseﬁvﬁg %dqhe e%romt

vaccl nal | on VI Irus tan

or BVD 38[1 wéreg i\l&‘ﬁf“ i Forescsnhe stajmng esults were eﬁpressedI as the en>§B(1|nt
concer fi"¥y Wi’fi*la%%m‘ﬁr’p&’f“@ﬁy OB copeRep PR P st A
BVDV- 2 somé\f thk B@ag tntibodyGigés. i@ tudedoandpauit dilation weant high atoett] ABWDYES]L
vacci nesy aiglilsthadified pith CWEEFH detel@d b aAIBH 1SS ist@ihg abut BMDY-A2
to the foetus in pregnant anllfrals. Since protection
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agai nst fetal infection represents the major aim of
anti BVDV vacci nation, such vaccines cannot be

WO e@andmse t o i nduce a protective imunity on aP@r/osah06/060918
range. The question therefore was, whether
vacci nation with live attenuated BVDV-2 can prevent
virus transmssion to the foetus. Second, the reduced
grow h rates of BVDV Xl KE-B-NdN m ght result in only a
| ow | evel of protection not able 5 to prevent
transpl acental infection of the foetus in pregnant
hei fers. To address these problens, an animl study
was started. The animals (2 groups of 10 animals each)
were vaccinated either with BVDV Xl KE-B or Xl KE-B-NdN
(i ntended dosage: |m of supernatant with 105 TClI D50

of vir H@)enge allmmag héagnuﬂoa%tr@%lm@se§ggm@agly ofqu Q@Mpost
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hei f er seridRfie chhiiaiadl Rodieyxises-Ret vl th aibid daRic k& Ral abien gay
i Nfect baR: sl SRE:Sioghetfe b BIDE Chaliel BraiBBMEMmXr p BirliRd £
chaly egggggm&gfogljggm%\d@ -1 strain KE— 9, whereas
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chal | en Wé dt ¢ foet d test and
nonvace€ nat ed "EOm T O AR S es"\/\‘/’éf'ér |anef"%eél? g RrTht5tn
of the*@hyrignge VI ruses. The vacci nated aninals did
not shéw ¥dae SHERNGY et 7 prlaealbly Syerst tspist apesteseene P ENege

i nf ezt Fhallange sTFiven erhigdl BEhdfeemipepd trassmissio to &if {aftus afisr chglidnge under the
non- vaeetnatasigsse onditosnss)wer e BVDV positive. Only 25
mld signs of disease were observed in the control
groups. The white bl ood cealxhmgiguunts were nearly
normal (not shown). SaktiReRSHrtRLL&ALTI ON titers were
det gf m ned before inoculation, 1 nont h

(F:)EZIt |- Ier?’ho Clg(!tm% al u?lpel' QI OI{VS}/ -2 %Ut?ms wn%~I %ﬁ delitlo i e1§1t ianutgn]t_es w1th
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neut r aleyP HEPmRIAtTHAPEIT BEUAGEP AL KE9 and NY93/ C

( 1456Nase) ¥ lal§¢mthe endpoi nt dil uti on was read by

i ndirect immunofl uorescence Bfaining. Results were
expressed as the endpoint dilution, which neutralized
approxi mately 100 TCI D50 and cal cul ated by the nethod
of Kaerber. At sone of the higher antibody titres,

t he used endpoint dilution was not high enough.

Agai nst KE9, only animals vaccinated with Xl KE-B
devel oped | ow anti body titres starting about week 4.
At 116 WD 2007/117303 PCT/ US2006/ 060918



chal l enge, all animals had antibody titres, which
i ncreased consi derably starting around week 4 post
webariienge. Xl KE-B vacci nated ani mal s had hi gheeT/US2006/060918
anti body titres then those vaccinated with Xl KE- B-NdN
vacci nated. Al animals devel oped about the sane
neutralization titre against NY93/C four weeks post
vaccination, with marginally lower titres in
Xl KE- B- NdN vacci nated aninmals. After 5 challenge, all
ani mal s had high antibody titres. Fig. 2 shows the
serum neutralization assay against KE9 (BVDV-1l) and
Fig. 3 shows the serumneutralization assay agai nst
NY93/C (BVDV-2). Analysis of tissue sanples obtained
after termnation of the study fromthe foetuses
reveal gd tlat c.djje material obtained fromthe
vacci nat e ﬁn‘%mal S gave negative results whereas
transm’ssi 0 &0t 0 occurred in all 4 control aninals.
Thus, Pt iB"elC&E# t hat the established BVDV-2 nmutants
are weEl [NTliCedn*hs efficient cross protective vaccine
Vi I US €8 the folb@iaq I UlSier@eents telenbe latdskied vl Be AR SernBiilCaE B Bifit b leffl S
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pr teﬁe[]%]verg c%n%n eraﬁ lower %ys (} t 5(]&2]9% or the ase ne atlve mut E X%.E
W Theere o e tw?possnblgex?_]anztnonf for thls fi ide n%v\%pendﬁnt 1n the vnrusostramhse ences of

cross- prof er ns

of BVD'¥PF H'égf‘h“éheg nd°i's réﬁ’?% ?ﬁ EEFB I £t Haé“‘“‘?" SEtRME b
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BVD 1vi ma@itiedcacbdihg sed@hcd répRdinS thd Safol @flof heonrt fre. 1@ tobsSuc@iibve r
chal | eag@at trahslatidn S beddra a st Brotkh ith Yq2Gireed ankird RBLE) WAS
shown to cross-protect against type 1 BVDV challenge
in teg Ig;shgg] llg D VI raem a and transm ssion to the
foetus aff e under resent test

assay CBRAFYT %’H&““ hL ‘&% "e“? N ‘hf %? T‘eét" PREKEH f‘NH"N ‘St*’? W”é‘h

i SO|2%lt &5 € rrgfn 7 ‘}S‘f’%"t‘% ®d against a heterol ogues type 2
BVDV 25 challenge strain in terns of BVD viraem a and
t r ans nilg giowginrates of diefy @uting etrerpregimiiapte wigtyad detemigrd foprtigias. lttetye

Pr €S enteedic@Bd thaAMRNASBAYe GOA 6tbokdinB Ge fhritardy N] DML ndned
Est abl vkl voksrblhowddAb 8fhliSnt ¢30n TiaSionEX AlYRheRasfuld rRNRET
anal Y2 auﬁVQ\(er;Zn MSM& tvis] somavhat gaﬁll)e?eﬁ in Ql%ganog)uf tt) ?Esgept
mut ant §xtexmmefogn%l. QL epém D the NP"-coding region of

t he genone were ésta Initially, only true
deletions or a _del etion acconpanled by a poi nt

nut at i BEPTRTESPHY gt A [ZNP Jl-[Cterni; 117 WO
2007/ 1¥3PB6SKRCT/ US2006/ (D818 2 B: [N'] 3- [C—terrr]

MELFSSDEGSK. .. (SEQ ID NO 29)
MELFSNESDEGSK. .. (SEQ ID NO 30)
MELFSNELSDEGSK ... (SEQID NO 31)

MELFSNELLSDEGSK. .. (SEQID NO 32)
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C [NP]4-[Cternl; D [N ]6-[Cternm; E
[NPro]J]4-[Cterntr] 5 1n the formulas [N'"]0 represents
wao b@7nuisher of residues of the am noterm nus oPCTMBS2006/060918
that are left in the nutated pol yprotein am no acids,
[Cterm is the conplete polyprotein except for N'
(starting with the C protein and ending with NS5B),
and [C-ternf] is the sane as [C-ternm but with a
nmutation at position 2 of the C protein (N instead of
D). The gromh rates of the recovered viruses were
considerably | ower than those of wild type Xl KE-A or
the RNase negative nutant XIKE-B. to There are two
possi bl e explanations for this finding: (i) dependent
on the virus strain, sequences of variable length of

t he NPyzGo@hHEbetRII ON a %ﬂ%gﬁsary for efficient
transl giion i palLlation E@ yet al., 2001; Taulz et

al., 1 gmbé o ! he IRl of add| ti onal sequences
tothe am o nus §S|d telnlnterferes
Wi th cﬁ’ﬁ@?’ﬁ“ﬁfa feé‘FSFT‘Sf‘EFnE‘E"P‘a'H’“a‘ “66°6t°5| get't &PYHr8H ng
N'' C d¥€et®h nutants, a second set of rrut ants was
gener aftog 2 be fessitlf o preveniags dhthiysequmce ot oepat sever megatippe Expacialiy the
f r agme pauraiyf occhuingt viytiols gy forme inl o -pesrehisey gan de exppetrio@be functional.
r epl ac imegfort, e @l list {Falfe trestaif or prbpesed\lriants G@ ML diffFACHBE of the
CONSt I uidofrmd ki@ 0¥ Nreduf b ErlaRAlby dgiiABS e bithQRinADPex @R BAIE
Capr d galoet{ﬁlblg oy\fhel: rtﬁpet:th@secﬁ&]ge{ ;gé:gtlv s&18al Ee@trvﬂﬁepulsthe |{0551b1e
NP" ]22 fgmengtgm;eggﬂjseem%el n PSis ubiquitin or LC3,
Cter mBh§V§ ﬂﬁkgg(gp q%&a&guykgr otei n except for NP

W t

(startin in and ending with

NSSB) . B l"?'r' owt h rd‘f’EégN%?YK{h SR Eht s were nore
sini| aPYBGMhat was @A R edSFYPNKE- A, 1t even
seerted B Rrescahe t wo WERRIELIAES | $FQBNYPH uses accordi ng
to theBPO¥Ml a [ NP ME.PEFELPY] - SEEPN@M] named V- pK87F
and V-pK87G showed no significant growm h retardation
at al | muMaed vaadss fd: BenplRNA SRudd DENYRIcAE, count er part
V- pK8BGZrQfes, [@Qal N was somewhat hanpered in

propag f 5) to a lesser extent than the fornerly
descri M{JS gétfrm] Furt her exanples of NP* deletion

mut ant &A% PBEIC*™NESDEGSK. .. (SEQ I D NO 28) 30

VEL FSSPHEGBKL-PSI-HE-8FRD | D NO 29) MELFSNESDEGSK. .. (SEQ ID
NO 30) MaNEEESNELSBRGSK. . . (SEQ | D NO 31)

VEL F SNEd- SR Sk, (cmi:SEQ | D NO 32) 118 WD 2007/ 117303

PCT/ S ~NELFSNELLYSDEGSK. .. (SEQ | D NO 33)
NELﬁSNé%@/f@%g@ﬁc ME( SEQ I D NO 34)

MEL FSNE| ek (SEQ 1 D NO 35)
MELIT [PS]o [C-term];

MELITN-[PS]o-[C-term];
MELITNE-[PS)-[C-term);

30 MELITNEL-[PS]e-[C-term];
MELITNELL-[PS)-[C-term];
MELITNELLY-[PS}o-[C-term]:
MELITNELLYK-[PS)o-[C-term];
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MELFSNELLYKT represents the am noterm nal sequence of
NPfo of the BVDV isolate 5 NewYork93/C. It may al so

wheoopossibl e to use variants of this sequence RMT/OSHNE060918
or several nutations. Especially the naturally
occurring variations as found in other pestiviruses
can be expected to be functional. Therefore, the
conplete list of the tested or proposed variants with
the different parts of the amnoterm nal end of NP
can be enl arged by equivalent sets wwth amno acid
exchanges. Below, to typical exanples of the
respecti ve sequences are given for severa
pestiviruses but the possible variations are not
limted to these exanpl es. BVDV NewYor k93/ C.

VEL FSNEELXK] ¥€% @ IVELI SNELLYKT (SEQ I D NO 36)
BVDV S I

B esc 51 NE‘ﬁ i SR RS STe

VEL NHFBSUPR Pelqpesieds e N@‘%’Q‘f in ity §inor B SR PN AT o r
exanpl &SP FRY Nerdek 3 EeipbfdpS) o- [ G- terni ;

MELI S-[PS]o-[C-term; 20 MELI SN-[ PS] o-[C—tern1 ;

VEL| SNEwtheR&frples[c4Tbet f@idrg.;by usihdeie IGSRIrL acdesEB njnerd sGentineRedndr ¢t al.,
VEL| SNEdod, vifoldss]3 0> F-(04 )0 Bidndard sebdlerled dniNEkcheY- [ PS] 0- [ C-terni ;
25 MELI SNELLYK-[PS]o-[C-terni;

IVELI SNEMK;ESS%IP@lOQa £e(t?1etmggmpvooessn f\lalT J) Pﬁliéabel-tvgentﬂg Ereglliual)

ﬁt: $HE[|I_P ]1% Lngtl'!: em[;nme nusl\{)gkh%IN ‘!:E C[eagis[ltg njcleava% that
VEL | TNgﬂﬁ_ C@ O ca[p%g p{ote r’ﬁe con lguratlono such ¢ slm coul beasfo ow!

IVELI TNELLYK o-[CGterm; 119 WO 2007/117303

PCT/ USPHtrs? 6 18 MELI TNELLYKT-[PS]o-[C-ternj; These
formulas may al so have [PS]1, i.e. PS may al so be one

of tihePPBocgsingclgnd e ddteche htgzeefbrn proteaB @@ LyEiqvie EC3pedefpigersingr t 0
t he NP2 prida@bin stk gptidéleatifgad fracsing ARS oROcaBR 1 ESXIGNENGOS
W th regag d af Goob B references therein) or 3C of picomaviruses, 2A of cardioviruses or
aphtoviruses, pl5 of rabbit hemorrhagic disease virus or the corresponding protease of other
caliciviruses (Proter 1993, and references therein; Meyers et al., 2000 and references therein). When
20  using a PS, a large number of different variants are possible since the PS ensures the generation of
the correct amino terminus of the capsid protein C. Thus, when using a PS construct, all kinds of
deletions or mutations of the NP™ sequence are expected to result in viable mutants as long as the
reading frame is not shifted or translation stopped by an in frame stop codon. As an example we
established a viable CSFV NP deletion mutant according to the formula
25 [NP™]-PS[C-term]

Especially interesting could be NP mutations blocking the proteolytic activity of the protein.
Riuimenapf et al. (1998) have published the identification of the active site residues of the protease
for CSFV Alfort Tiibingen. The respective amino acids (glutamic acid at position 22, histidine at
30  position 49 and cysteine at postion 69) are conserved for other pestiviruses. Thus, exchanges of any
amino acid expect for serine or threonine for the cysteine at position 69 will result in destruction of
the protease activity. Similarly, changing the glutamic acid at position 22 will most likely result in
inactivation of the protease unless the new amino acid is aspartic acid. Similarly, most if not all

exchanges at position 49 will lead to an inactive protease.
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sequence of BVDV NewYork93/C are in bold. 5 Further
exanpl es can be found e.g. by using the GenBank
w@emedsizah nunbers given in Becher et al., 20B3/US2006/060918
Virol ogy 311, 96-104) or by standard sequence data
searches. A further possibility could be the use of a
processing signal (PS) inserted between the (residual)
to N sequence and the am noterm nus of the capsid
protein. The PS | eads to a cl eavage that generates a
functional capsid protein. The configuration of such
constructs could be as follows: [NP 122-PS[C-tern] 15
PS: Processing signal. Can either be a target for a
protease (e.g. ubiquitin, LC3 as defined herein or a
protease or an unstable peptide |eading to processing
at its own carboxytermnus like e.g. intein (Chong et
al . 1998 and references thghgin)s or 3C of
pl comavi r useS’PrezaAratlgf gg{lglnoo\{zlccﬁnléls%cecg’rdlg to theanDnElOnVI ruses,
pl5 of rabbit A agl ¢ adirsease virus t'h
correspondi ng pr ot ease of other calici VI ruses (Proter
1993 and references therei'ff™afeyers et al., 2000 and
ref erences therein). VeRDROprelsrdIgBRE PS, a | arge
nunber of different variants are possible since the PS
ensur eauehag BYOW @peatahd®nwpf, havibd e leSiOfiern@Giton & M Eblingt s@jlieide LIS
of t he giGa%in @™ RIdGT Lledt afother R&iSn in W4\ Bding UeﬁlieﬂgforaN’pS'herem said
CONSY I Widiion iRkl cofihg WCRenQfror KGRl E@nedsqs infEAERE brafe Rfivie he
NP- s e%&%@ %eem%ﬂd%r & Rﬁaﬁi&%ﬁhe I Quink R ror NP 134 B T LARE S
as long""’ ﬁrowanJBﬁ e untga'F(ﬁ[QonP ou'(SIOSm EO“SQImIcellegtureEu Allve

transl ati‘o ,,6,3{5
et AU L L MR T e e )
mut ant “GETHId Hepiret yiet « BRvhi & 28 N‘PVW%Q"‘“PSF@% &P
Espeti &'1Y W heerbst vy BisuPeh thes qypiningreitgy flusins cofcieicaed ng
t he pr bbrkitivkdy Equat angents jof/thet Iyphiliypd aptiges qor noted Foy reconsRutive Areggfeoue t
al . (1998 cdrgivie 1 U 0.5 efthitydigel is cbenNdnie fickeBitiel camdin@fion takrde
act i vecstits@ il eShedid@gind anfigh® ADIMA ti@ABMAdes TBRI (108 M*Alcipgy, t
Tubi Ngglbv-Ikhe J18SRASS, BV -8 RQ0* A@inklS anf BHsV @M G2a6ibg). at
posi,jion 22, histidine at 30 posi tion 49 and cysteine
at postion 69) are conserved far other pestiviruses.
Thus, exchanges of a ect for serine
or threonine for ther}%:/ys'?m '"'"""’tC ’g3OB§el)éltpl on 69 will
result in destruction of the protease activity.

Si mi | affeyreraeiRnfdic iF- B 1grds AahvRSY atisees iareoprss s iesbed oo
Wi | 125 mpsdine Tk additipn, p ivs gtferuatqd jsprain pfiFEgdst roynip MBPK wits uptihgTCIDso of
pr ot eagweut Witltea&Spetni @l ey NaidrifeovagsCthedt3 c@taigig ptird flud is Beovesald

Si m | akrd Wophies An dmbunteoto*? gl 1b** (Terphamgesilizat antae S nideiith 49
W | gaslikQpRByiviaet: e, urpRéveamies. Thh 2V Pnd0Qhkildd 303
PCT/ USZ‘!D&Q@!CIQ)@Q& l‘ﬁcme EXANP bk nélugsrlmﬂ)‘g“% 1b“@’ﬁ:115§3‘) BVDV-1 (10°% 1o

(0] Nnak.i | (5 4.2 6.5
oty s g L T o

BVDV type 1 and 2 strains, haV| ng at | east one
mutation in the codi ng sequence for
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gl ycoprotein E' and/or at |east another nutation in
the codi ng sequence for Ni", wherein said to nutation
w0 poovherdeddi ng sequence for glycoprotein E' | eBCBUSH06/060918
i nactivation of RNase activity residing in E' and/or
said mutation in the coding sequence for NP leads to
i nactivation of said NP', are grown in NMDBK-cells
until a TCI D50 of about 1050 to 108" per m cel
culture fluid. Alive attenuated strain of IBRis
grown in NMDBK cells until a TCI D50 of about 1050 to
1086 per m cell culture fluid. Alive attenuated
strain of BRSV is grown in MDBK cells until a TC D50
of about t5 1050 to 1072 per m cell culture fluid.
Each virus containing culture fluid is collected and
| yophi li zed. Equal anounts pf..ihe |yphilized antigens
are mxed. F ution
cont ai ni ng 1s oBSERP kA i ARUE fard [ 1" e
dose of the conbi nanti on vaccine contains 4 ml of the

r econsPY'i’ ut B> BRY i msA™? FIA P GE0E I el § g the
(10SD fy-ertysereter O?e Vlf“seB\f/DW‘Iate(‘ 1 Sephitiz Mipgheima Gaetrupyy) |
BVDV- 2 hagralyR@is grepm p@iBL0" toT16}° Bxioier ml sptite: BRSere 40RGivaed and 07, 2
TCl Ds 0}ulture 1R is Vamidieie frdze KRR An RGADVAL 10§ pes" lyopifiel i@ freefPdBd
RRSV T hegterip Eeiy2it mxtd vamthQf optilix@ BYVIBRypesB\MIdV adtiged (b6kh B argdmblnBRSY
ant i gems’« s* pan.f) eraRgh as8* €l @SecbhHed Bk aniged 010 A UCITOB A
I'n agdirfeid@indl shspelson @t RN Ub ikl Sedin@botlo 90 Tng KidiniikrShy kiGN

ngr NaBb(4 &; @J& Lg?()ullljﬂkkplomrg 0. Jig dg@ Q sgjjum nngfngtL ant]‘t%dés o% Orie%rl%cu]' Qlﬁai 1
cont ai nﬁ en amougrjnls geu rosgar d?m” ol %w Zgl dto 1 CIDsp), PI3
yophi (72 8d0" P BB ot ‘A BwL 5 TEue (rerttybi

t he IyBBh‘P?oze‘d"S)antl gen is mixed with the |yophilized
| BR¥ BVDV types | and 2, and BRSV antigens. The

m xture is then reconstituttedrain 4 ml as descri bed

f or Vacchume shes 1 dd § iBRERSIIDIS @eplospitil cthd @6 LepBpia grippprasra 1086
TCl Ds0), BVDVadrdid iefddpird pokidiha, 36ptospbdBoorgpeibisenidardp-poviBVDV- 2
(10S0 to 1081 TCI Dso), BRSV (10S0 to 107.2 TCl D50),

and ,P1 &oocf;me vzmsg Q54861 82 TS50k ;ngms%;;cqzeé 417303

PCT/ US c
BRSV (r)?n er e C trls}{mcp arlal?arevrsﬁl e ruses a}«lepyop%l.hzzd eév 1{703:[1100:1'3,

2. BRS\fptosH ] gtpi%l?ep sprad ardéo LeFtosplrg onm% d)tospya {)0 éFeterE)enu arfijo bov-s
Vel nEEREER e Y FEp i TS, P TANT e g
o v oo PSR RSB L T8 s 07 o 10" of e
| 'yophi Ivpeiksell or s rifeesbarteia ¢eibcpestreseapiied with the Pyepbsed] motificd BVRYS
gr own epeb i dnd 2@ inQn 4mountbOID’? B 1 BICIDS). p@ifiediive PB DT Wi TCDhe
bact er maifiar i@e BR3ACHI wabd’@ terow) @natria@fied Bkl IRUME tf ot irciDd)SThe
| yophi l'eLonﬁQed%peffsanﬁﬁﬂl@er ddsd) @lains Mides & R as@feserﬂag\g @rinkl @htigen
101 1" 0 sl BRbokee BvisL (fofo@Q&ercill, ), B6bv-RAOLSH Rrg ik G085 €
( ea Cﬂ \Ms 3t'ljaIDt ﬂ?kslz Yl@pg:el 76 1%&9') ElyQy IoX(p el%l[’.]i'.o) a4 geﬁfsplgrl&lcga,e n

o el 4 b s i S P R PR P18 0
to 107" 41 PsB8)° t8¥The reconstit ut ed suspensi on (5
per dose) further contains 30 to 50 ng Al um ni um
hydroxide, 0.4 to 0.8 nmg Quil A (Saponin), 0.04 to
0.06 ng sodiumtinerfonate al¥@ traces of neonycin.

Fi nal



antigen anounts per dose are BVDV-1 (1050 to 1081
TC D50), BVDV-2 (1050 to 1081 TCI D50), P13 (107'3 to
wae®31TadiPso) BRSV (105'0 to 107.2 TCI D50) andPCT/US2006/060918
Mannhei ma (Pasteurella) haemal ytica (1080 to 1011'0
cells). 15 Vaccine D BVDV types | and 2, |BR, BRSV,
P13, Leptospira canicola, Leptospira grippo,
Leptospira hardjo, Leptospira ponona, Leptospora
bor gpetersenii hardjo-bovis 20 Moddified |ive viruses
of BVDV 1 and 2, BRSV, IBR, and P13 are grown as
descri bed for vaccines A and B. After the culture
fluids are harvested, the viruses are |yophilized.
Leptospira canicola, Leptospira grippo, Leptospira
hardj o, Leptospira ponoma, Leptospora borgpeterseni
har dj o-bovis are separateumﬂggjtivated until reaching
108'0 to 1011.0 ggl).s RSl d%kg,grag adhe, bacteria
cultures are |nact|vate e culture fluids are
| yophilized or freeze drie ach of the 1080 to
1011 oMatietherinss °ﬁBSY8}ShT“I’? E‘éséf '8‘? ““FF‘%@%%"WH?SF%“G"%?S‘ e a
cel | & &P BrAfErdin s pdseres hapieyeth e Heses ap G ptifiset Zeammbetiiracdd
BVDV  tjikpehisving 1¢ii1e]10% olenaroh cuftyre. Bapbagiatbuifyte isdrpetivp@bmdQhetogsure
107' 0 T@ iD5@iljzedrpp thiefe idd 1071 16 80" RE Bre (op@lizedDr fregze VBB Bucteria are
TCl Ds 0 )egonstittwa @it the @ Gbhilidedn@ difBREBXO V(b Dd 1 (@chhlid anPuntoCioDm0)™°
and moaéibd)eddikil Mer B § OGADS) Lk ifve BESVIRO )o,10"THED) and
I eCQS hubdird 1IRTBR HFPE ABT Rbbyf. FneMoonddfGibd SRR 2 GPRE Blef WSntains
traces of NEQNHGL Elesé?énvp 6% Gl Y€ er E&m' pvB [19€R 107

anmount s/

BVDV- 2$ ?85“89%80 0 B%{OPL Pig 68’7‘5%‘1 gg ‘D$° ())rg"’i’;’
TCl Dsof %?—?3?/10( 198 )d"dt”& ‘Tﬁ‘r‘ 0" J|0c:| P13 (107'3 to
108' 3 TCI Dso), and Leptospira canlcola, Leptospira
gri ppo, Leptospira hardjo, Leptospira ponoma, and

Lept ospdreaceshor gpet er seni i hardj o- bovis (each 108 0 to
10110 wiekehcwnes and Bitenty¥Dal AI@erdesl @ BOBierBBidk PISRBPGIBHHE I the
Vacci nexekiteBAY, idkiydd@BoselistaBédbwre edplRy inddREM4 by Rbednce Hakifl

H. sommus Mddified live viruses of BVDV | and 2, BRSY,

I BR,y aﬁﬂiubE 13y af g, %Qmoté&ﬁs i GGl BEcky Rk YMIQC&Le&eP%EﬁShﬁg

and B. Assocltateesr dRNIHe ln?el's!cw't:lclélg {_rdall{ed) s are harvested
Vi ruses arem]yoﬁhl Ize sommus is cultivated wuntil

achi evP#g I €L Bevige 1@ GarReacilny: rgviepd rAmpiyer. MagAtsesr180; 149PHES.
bact er b@hewl ikohiE, 81, IpSon! [51}3%41 ¥at 86k AR hddGerCHintoboer afehsti d
is | yo pn 1so ése qu ge fgr rth@ g%%ce oq‘ l'nﬁgthan :Ihpez sp;,lcwst xQ thn"l‘ 919 gegus geswanh e

ongsl | ze 35 eze ried bacteria are

reconstt at "the |yophilized nodified BVDV types
1 and gZhofeehcHilliamp Kénwalmaiwnﬂt-, aglfXu, MO 19¢F. M@uldih Bf Kotein BEDKiERS0)
nodi f i e sddavadycBkdevisideO/AtuBar Membhfd8A TBse TikiinDb Bipl, Chisid d13f To0gsa -
live BWD(}&%.,&O&& WL OAd ﬂJbJQEDSQ) I\Gﬂdiziltgﬂnoﬁm&hlfaﬁﬁ&diesl Ve
I BR ( 1gcﬁi'ne]v1rﬁ @arrlJeQ\ZrusZmJ QLQ&Q{) 58K zﬂeproteﬁ G @grs{’liolt ddhﬁ%

suspensi on ose) contains traces of

neonfyc F‘ﬁ“‘&§ b“l‘ é9§%€"5*‘5“f"l°\i@5w“'rs’fpﬁ33f’“ SHITE PHL9 EorDRa s aps
dose af# syBREA brcefopns B7 NG paxyprese) Prociafl B3 foi. SBYBWIZ (10S0
to 1070 TCI D50), P13 (107'3 to 1083 TCI D50) BRSV (10S0
to 1070 TCl D50), P13 (1073 to 1083 TCI D50), and

H somus (1071 to 109.2 cel | B}.
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nl:ections, w herein said conbination vaccine
conprises :a a. one O nore attenuated I 'I r. having

W@eoo7a#s03 one nmutation in the coding '.Si  uenchCT/82006/060918

tly co rotein U~~~~ and/or at |east another nutation
in the coding p seclaaence for N'', i. herein said
mutation in the coding segluence for gly coprotein

cLAi¥s: leads to inactivation of RNase activity

t

4.

reS|d|ng in and/or said nmutation in the coding
sequence for NW' leads to inactiv-aation of said N

V' A com@R8ichQaleinORE 1R IRNRr AT RYIGRl0r aghd V(%.tmt microbinfogical
co onent(s) effective for the treatnent as d,

prigiSrAnaY ey sald erdbiadbn idashle CPRPEEE i on i n cat t | e
Causeg BYe & R <1r}er11a§:h ipat\ R lLdQ e @thyvn T thk h@dmu seguence
vacci ne, according t a|n1 wherein sail
conbi natroy @O ézé“s fmd s al, lewen@hemmw@nm trefgatoddy sequence for
sBe/c?L/engz‘wggi””g’%}%“s&%g“"%& 1NN tnleﬁ’ 5'0 ah L;eﬂ& Fqu \lagplotem E™ leads 1o
nut at i omacivdibe of Fotkngelsey uem@zee ﬁrofi dndéor ozdd mpkatreimnthe coding
I £ T leads t tion of a;(;t
resi din sulu ncl::_?m I{k&qaﬂdx omﬁunau(mrﬁ) dzgl\ .mgl og| cal
active @Eifrponﬁnat mx(m)nc»E)focelcﬁdnve riﬁlopontejmg}teffesai\ B the trem‘mem andfor
aand' or cti
cattl o ooy s uEpa prn SRR e g | e hosen other
VDT 3. Tihe paasei ne according to claim 1. wherein said
conmbi nation conprises a. one or nore attenuated BVDV.
haavic at | east one nutation in the codi ng sequence

f orheNaceine @ abr@ingut @kiron whbrehesRQdhBohaseoueRseed or N
| eads to inaactivation of said 25 N',,: and b. one or

mor e #mt0RHBY BETeCHPRIE R R e ih bestops P’ue'ﬁ*f’eé‘% fhy goding sequence

for the gy @abpRiln BXedh8kin RIARSNidnAH hQfoding sequence for glvcoprotein
nncr ubi ol ogi caal infection in cattle caused b as

bovi ne [E~t Eedidg Inasitagen oft ise pyDiY raplivg intheatdacci ne
accor i ng. t,0 m%}eaﬂnmu&mlo‘ﬁﬂgf ille \S.@lhgmcéﬁ’(g?'eﬁ%th@%r the treatment andfor

conprise aa.. one or nore attenua havi ng at
| east. orwhy ldgg. aBmargneipgital iifection di ﬁ@tla&s@qu@iﬁ}; g bofvgye pathogen other
gl vcoprg, Lgiyhy - and at |east another mutation in the
codi ng sequence for NI", ivherein said nutation in
the codi ng sequence for glycoproteiu 111" |eads to
L24 R AN {r%”% Sl %{?%%%Gs’a%ﬁe%%%%a;@{‘&%%é)h1 ation of
NAS e “5E d mut ati on
[ n t he eodtmgonsmqmemdez\fm‘r it imlaea’dﬁ oho muiot vk icoding sequence
of said NI'”pn T ! {
act | ve ({:6[ élﬁi !’t“g lfl(‘élf}f) ré]la:xt ‘[”\‘}}é)bf bﬁ}ut{!hi 10{ r eagﬁé‘h {3 13%8\4“0}1 {)}‘ said
or prop@hg&aX|s of i |crob|olog|cal infection In
cattlg caused by a. bovi pat hogen ot h el
oneg of More Immunol oa,u:al ac me cofiponeni(s) effective for the {reatment andfor
prophyvlaxis of microbiological infection in catile caused by a bovine pathogen other

than BVDY,

The vaccine according to claim 1, wherein said combination comprises

a. one or more attenuated BVDV, having at least one mulation in the coding sequence

wherein saxd mutation in the coding sequence for gl__x.-=copmtem E™ leads to
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:a than BVDV. The vacci ne according to any one of
clains | to 4, wherein said conbinati on vacci ne

weowpnises attenuated BVDV type |. and attenuap@dud2006/060918

ihn

6,

type 2, both having at | east one nutation in the
codi ng sequence lor glycoprotein E and at | east
another rotation in the tt~ codi ng sequence for IN
-1, WhekRlimisRiofl RIS hHBRy 1Bidile 4e ol R SEANERERHEO the coding
gl veoprotein E"; pmI eads to jinactivati on of Rase
acti vi t yergagedpiy”iipdgto inactiyatmep! FHf Nai®dnut ati on i n
the CQd'DHQ oF m%?eq]l:’iﬁﬂ%%lofaﬁﬁl Miive cbagdendg. ekﬁ@@ﬁ%'ﬁéﬁaﬁﬂs @r@an‘nem andfor
of sad he conbi nati on vacci ne accord
to any @ﬁ@h‘dﬂ\!{g pb@{;;qnﬁgo ogiogd aplectioperaincaugedity a bovi mts pathogen other
i nfecti gpmmq%\ cattl e other than BVDV is caused by at
| east one pat hogen selected fromthe group consisting
of . Paarainf.uerala-3 Virus (P1-3), Infectioua Bovine

ot t vi (MR LN e t . ;
ggwcgy JL%ﬁPslrd&ﬁn %—?u@/} CJI\{E 0\§| cﬁg\ﬁHeI? boeépi‘\ I%»?lht%ﬁ] %g‘{l\ys\mbmmen vaccine
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Egnrmtgueoncz%ri nov‘:&,‘% bukdnec Ov ;;(\: ar,o rcissl :EHM dnd :u Fcaxi w}mi her mul%twn in the
NI @tinb eecnmhaﬁaoh aBfolyetdic snid Gfuaainech t_he Raﬁltmqednbe for glvecoprotein E™

%ét\;’ In%aﬁi ‘Sﬂﬂ 3‘?1?*{5% ggﬁét%ﬁ%ﬁ%émgm‘ aa‘llfgox asagih njna? on in the coding

A&Eqdeﬂﬂﬂfm NeCeradsComatighast efsa@aeii®), Act] no..m ces
pyogenes, Chl anaydi aa psitt aci. Canapyl obaacter fetus
venerealis and Canpvlobac::tc r fetus fielus (.f

>r TRI doyhbirafigt u&a:ﬁnﬁ_ﬁs&hna& kS bre LRREASP {085, wherein said infection in
nt err ogans 1 cptospira haardio, | ptospira

pcﬁ‘ﬁ“@r‘?ﬁ“e‘ e Bﬁéb‘t bs‘ﬁ?‘greﬁ b@ @? 'ref:‘)% Vi b%ﬁ“ Sq_%tﬁddgﬁ‘i’ fhg group consisting
cafrai col aa, Leptospira grippotyphosa, Leptospira

har dj o SLept ospirah. arcdjoprajitno and Lept OSpI r aa.

har - di oPB@giugyza-3 Braddl-B i Tebdiops Bovig BBeprechgiyif sirgndBR), Bovine
Brucel | Q{gﬁﬁh{{@ﬂéﬁémi \L&%t(BR&W Bdm{e'i%}ﬁegﬂﬁﬁt(ﬁﬁ% 9. Bovine Rotavirus
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C ostri @BBH. B@\pmq Eateeyingt 6BEY ). d’mmm'éewnhytum&(r\*l Bovine Rabies
g‘ef?tn gﬁskﬂR\éVg g%ﬂ@%rk>9t9”l§c%59ﬁ)ohhq1;(>$ﬁra Q%Fn!% z%yﬂhcmah tica
Kl ebsi elifoamspp ¥’¢\§¢(1r»ébshfmn1ohal_u}pn’ebjrm Elbn |:Ta@0ud¢8aﬁmmlmus SOINNUS
IIa hu S ewpor t,, ohacterium . .
avt um o DGy el s P ey e EERDR EohHBacterium,
Crypt Sp@’rcndabmwut\ mmml{ﬁﬁmﬁtc&pwﬁmoéma\ labagtee dstns venerealis and

Strept ococcu ) Ctl tococcu
Mycopl agﬁglg ]%B%thq?}fxiv%%bﬁgé}ﬁﬁh Olr 2%5 in s.|~.m ?‘nggﬂﬁ%}?ﬁ“‘ mterrogans,
bovi s. , tapdsg nafi&ﬂﬁpl BYAosPRa PPMoua, milZ&:pMQuQO@sYgipbiTwB&ﬁ Leptospira

PCT/ US2006/ 918 . Tritri ct]orm as foe ri chop X
vVerruco §%f 0 ‘1 PtEﬁéfBng%h‘p PF’b F]ﬁt‘%{i&ﬁh?ffs_\é\ eplospua 1 ]‘d]Oplﬁ]ﬂm} 'md
Tri Ch0p|’ﬂ)éb§@§bl§a’fakdp§@w ik), BN@@B@@ﬁtaugammemM @iﬁ(mﬁlt.}flid melitensis,

Toxopl agmm,. Gond 1) eral B2RLSg, Bl SM ERa and La0S! & ium

di seasekeptic@m/ -ClIREHGRMRARLOMY AEGHNBUARCEAL DT OQsthiBium sordellii,
any one of claims .1 tot wherei n sai d i nmunol ogi cal
Clostridiom  perfringens, Clostridiom  tetans, Moraxella bovis. Klebsiella Spp,

Klebsiella  pneumoniae,  Salmopella  tvphiowmum;  Salmonella  newport,

Mycobactertum avium paratuberculosis, Crvpisponidivm parvum, Crypisporidium

hominis, Staphvlococeus aureus, Streptococcus dvsgalactiae, Streptococous uberus,

Mycoplasma spp, Mvcoplasma dispar, Myeoplasma bovis, and Ureaplasma spp.,
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active conponent is an anti<gen of one at |east one
pat hogen selected from the group Consisting O:

we00aitmaenza- 3 Virus (P1-3). Infectious Bovi nBCT/US2006/060918

Rhi notracheitis ,if-us (1BR), Bovine Respiratory

Syn-N~ tial Virus (.. 13RSV), Bovi ne Herpes virus

(BHV), Bovine Rotaa.t'irus 10 (BRV), Bovine

Ent er ovirgisch 6B, foBAY NEHPH QRO bﬁ&Lﬁsl(tﬁCWmho@mdbzﬂ Snentagrophyies,
Rabi es (BR? Eoyi e Pars, ovirus (PPV), Adenovirus

| strovi rie§ 1(51111]\);3}3 af"éﬁ@‘i”m\ﬁ'”ﬁ‘&@hﬁ‘ﬁin)‘ﬁm (@ym(l*f dF’h‘é}L}ﬁ?“‘ gondii), Babesia
Past eur g| oleﬁmﬁ%ﬁﬂ Qb o), mx@@lﬁ&l@&ﬂ B A rﬁd}oﬁ@&u@%\ orm disease).
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. Acﬂ le JB &R oPYac8nd Q&@ﬁhnuctgl( n%ﬁ“ & cgfﬁfnta 4 5}8 v \h rein said immunological

Canpyl ol'aacter fetus verierealis an acter
f erliss Fenugie(if or Menhyeed Hecuss aj r@@@swenaatbcscel) 5elected from the group
Lec%%qapllj r@ interrogans, Leptospira hardjo,
ospi ra po.niona, and Leptosplra gri ppoi yphi } spa.
Lept ospletlﬂlwsmfam Cobsa P1- E}e ptiec s Bogne Bpovypheatiayires (IBR). Bovine

Lept OSP|R%.§JM by, . Hm( [‘%o uux) hﬁg}g N ne %%I t1§ua?B§Qﬂ Bovine Rotavirus

Lept ospir VI'S ‘cée
sui s andb’.Bk’Mc&sb\hla’ fiplerdvens (BEY },LB@tzr&’ iba}nonms (BCV). Bovine Rabies

nonocr t aaes. | aarn-ydi. a sitt a¢
chart odb i PR 28" ephe RS sy PG e Raemotyien
haemol ytioeast Padid DSk hﬁin'td)miira@\/Wastm@aﬂhi)sﬁdﬁbdtm NHasmophilus somnus

sordel |i] Clostridiumperfringens, stri
ettani, CiSIRRER é“b’ wWie, “‘T"é’&’gg*el agngy. gb‘m““kﬁé’béf@i‘ fgpacterium),

pneumn'ﬂ‘ﬂﬁ@m@@l FRBEIkR ChipidPE T CHAPYTPRRIek Fetus venerealis and
newport, N vcobac] er| ura-r as ium paratubercul osis,

Cry pt sSOPPHPEIIBAPES dHus (omepy pdriinFaiiATS Hohfospisa interrogans.

St aphyl eepegis 1BHS, Uﬁept@ﬂuﬁ@ PLOGRECME 1Y Bspid] 3dGlhPosa. Leptospira
St rept ococcus uberus, 25 "tiiycoplasnma app. Mycopl asma

di spar _Sangqjs bpPiaAR R iRRT Bhosh hapiosnea haiast pppep ardioprajitn and
Trrtri CQ@}S@H&?@&\%J]Q%H@} B-Fl?]deﬁbqg&} taoﬁlucgﬁlcéiﬁ@%mmtelh melitensis,

Tri choph, ton nenttagr of ves rlc ophyt on
sari z: |§4§)\W‘ld Um@sp@maxcéh amyha( foltaver Clpsidkoplchavael. Clostridiom

gondi d}%@@:ﬁs '(qoxuki) iy eﬁlﬂ,H}ﬂ u@ﬂq %@gﬁ P& bﬁr&%r. giggﬂdi wm sordedlil,

Di ct vocali tus’ Vi Vi par ous I sea
Clostridiom puﬂmmna (lmmdmm tetani, \/mm\dla bovis, Kicbsiella spp,

Kiebsiella  pneumontae,  Salmonella  tvphimurium:  Salmonella  newport,
Mveobacteriem avium paratubercalosis, Cryvptsporidinm parvam, Crvptsporidium
honunis, Staphylococcus aureas, Streptococcus dvsgalactiae, Streptococcus uberus,
Mycoplasma spp, Myvcoplasma dispar, Mycoplasma bovis, and Ureaplasma spp..
Tritrichomonas foetus, Trichophvton verrucosum, Trichophvton mentagrophyvies,
Trichophyton sarkisoviy, Neospora caninem (formerly Toxoplasma gondu), Babesia

bigemina and Babesia bovis, and Dictyocautos viviparous (Lungworm disease).
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