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opposite to the polarity of messenger 35RNA ( nRNA)
that is designated as plus (+) sense. The
classification of the main human and veterinary W
viruses is presented in the table below WD

2007/ 104782PCT/ EP2007/ 052429 Table 1: C assification
of the viruses within the order of Mononegavirales
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Fam |y Genus Speci es Rhabdoviri dae Lyssavirus
Rabi es virus (RV) Vesiculovirus Vesicular stomatitis
virus (VSV) Novirhabdovirus |Infectious hematopoietic
%@,%mbésyl rus (1 HN\V) Par anyxovi ri dae Respitewiohitias
endal virus (SeV) Human parai nfl uenza virus type 1
and type 3 (hPIV 1/3)
Table 1: Classification of the viruses within the order of Mononegavirales

Rhabdoviridae Lyssavirus Rabies virus (RV)
Vesiculovirus Vesicular stomatitis virus
(VSV)
Novirhabdovirus Infectious hematopoietic

necrosis virus (IHNV)

Paramyxoviridae Respirovirus Sendai virus (SeV)

Human parainfluenza
virus type 1 and type 3
(hPIV 1/3)

Bovine parainfluenza virus
type 3 (bPIV 3)

Morbillivirus Measles virus (MV)

Rinderpest virus

Canine distemper virus
(CDV)

Rubulavirus Simian virus 5 (SV-5)

Human parainfluenza
virus type 2 (hPIV 2)

| Mumps virus
Avulavirus Newcastle disease virus
(NDV)
Pneumovirus Human respiratory

syncytial virus (hRSV)

Bovine respiratory
syncytial virus {(bRSV)

Filoviridae Ebola-like virus Ebolavirus

Marburg virus

The genomic organization and details of the life cycle of viruses of the order MV is welt
understood these days and is reviewed by various authors (Neumann et al., J. Gen.
Virology 83, 2635-2662, 2002; Whelan et al., Curr. Top. Microbiol. Immunol. 203, 63-
118, 2004: Conzelmann, K., Curr. Top. Microbiol. Immunol. 203, 1-41, 2004). Although
Mononegavirales viruses have different hosts and distinct morphological and biological
properties, they have many features in common, such as genomic organization and the
elements essential for their typical mode of replication and gene expression, illustrating
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Bovi ne parai nfluenza virus type 3 (bPIV 3)
Morbillivirus Measles virus (W) Ri nder pest virus
Cani ne di stenper virus (CDV) Rubulavirus Siman

%PBF@IE‘YQZSV 5)  Human parainfluenza virus ty@emooresz9

Munps virus Avul avirus

that they have originated from a common ancestor. They are enveloped viruses that
replicate in the cytoplasma of the cell and produce mRNAs that are not spliced.

A Mononegavirales virus consists of two major functional units, a
ribonucleoprotein (RNP) complex and an enveiope. The complete genome sequences
for representative viruses of the genera of all the families mentioned above have been
determined. The genomes range in size from about 9.000 nucleotides o about 19.000
and they contain from 5 to 10 genes. The structure and the organization of the genomes
of the MV viruses are very similar and are governed by their particular mode of gene
expression. All of the MV virus genomes comprise three core genes encoding: a
nucieoprotein (N or NP), a phosphoprotein (P) and a RNA-dependent RNA polymerase
(L). The viral envelope is compesed of a matrix (M) protein and one or more
transmembrane glycoproteins (e.g. G, HN and F proteins} that play a role in virus
assembly/budding as well as in the cell attachment and/or entry of the virus. Depending
on the genus the protein repertoire is extended by accessory proteins that display
certain specific regulatory functions in transcription and virus replication or that are
involved in virus host reactions (e.g. C, V and NS proteins). The gene order of MV
viruses is highly conserved with the core genes N and P, at or near the 3’ terminus and
with the large (L) gene at the 5’ distal position. The M, the surface glycoprotein genes,
as well as the other accessory genes, are located between the N, P and L genes.

In the RNP complex, the genomic or antigenomic RNA is tightly encapsidated with
the N protein and is associated with the RNA-dependent RNA polymerase that consists
of the L and P protein. After infection of a cell, the RNP complex, but not the naked RNA
genome, setves as a femplate for two distinct RNA synthesis functions, i.e. transcription
of subgenomic mRNAs and replication of full length genomic RNA.

All of the tandemly arranged genes are separated by so calied “gene junction”
structures. A gene junction comprises a conserved “gene end” (GE) sequence, a non-
transcribed “intergenic region” (IGR) and a conserved “gene start” (GS) sequence.
These sequences are both sufficient and necessary for gene transcription. During
transcription each gene is sequentially transcribed into mRNA by the viral RNA-
dependent RNA polymerase that starts the transcription process at the 3" end of the
genomic RNA at the first GS sequence. At each gene junction transcription is
interrupted as a result of the disengagement of the RNA polymerase at the GE
sequence. Re-initiation of transcription occurs at the subsequent GS sequence,
although with a reduced efficiency. As a result of this interrupted process, also
designated as a “stop-start” process, attenuation of transcription occurs at each gene
junction as a result of which the 3’ proximal genes on a MV virus genome are
transcribed more abundantly than successive down stream genes. The modular form of
transcription of MV virus genes in which each gene is part of a separate cistron or
transcription unit makes these viruses extremely suited for the insertion and expression
of foreign genes. Each franscription unit in @ MV virus genome comprises the following
elements: 3'-GS—open reading frame (ORF}-GE-5'.

At the 3'- and 5'-genomic termini alt of the MV virus genomes have a short non-
transcribed region called “leader” (about 40-50 nt} and “trailer” (@bout 20-600 nt),
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Newcast| e di sease virus (NDV) Pneunovirus Human
respiratory syncytial virus (hRSV) Bovi ne
respiratory syncytial virus (bRSV) Fil oviridae

vi rus Ebol avi rus Mar burg virus
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be AL ?egﬁ%%ars% ﬁne<f %vYanrlrlih?x'Jercuz%na%e %portglflt d s‘é@seg%* &oultry which can
cause severe economic losses in the poultry industry worldwide. Newcastle disease
virus is a non-segmented, negative stranded RNA virus within the order of MV. The
genore, which is about 15 kb in length, contains six genes which encode the
nucleoprotein (NP}, phosphoprotein and V protein {(P/V), matrix (M) protein, fusion (F)
protein, hemagglutinin-neuraminidase (HN) protein and RNA-dependent RNA
polymerase or large (L) protein. The NDV genes are arranged sequentially in the order
'3-NP-P-M-F-HN-L-5', and are separated by intergenic regions of different length. All
genes are preceded by a gene start {(GS) sequence which is followed by a noncoding
region, the open reading frame encoding the NDV proteins, a second noncoding region
and the gene end (GE) sequence. The length of the NDV genome is a multiple of six
which has to be considered for the introduction of forgign genes.

Avian influenza (Al) is a disease of poultry characterized by mild respiratory signs
fo severe disease with high mortality. The causative agent is an avian influenza A virus
(AlV) belonging to the family Orthomyxoviridae. AlV contains eight genomic RNA
segments of negative polarity which encode 10 proteins. Based on the antigenicity of
the surface glycoproteins hemagglutinin (HA) and neuraminidase (N), Al viruses were
subtyped. Up to now, 16 hemagglutinin (H 1 — H 16) and nine neuraminidase (N 1 - N
9) subtypes are known. Antibodies to H and N are imporiant in humoral immune
response and inhibit infection or prevent disease.

Avian influenza and Newcastle disease viruses can be grouped into two distinct
pathotypes according io their virulence. Symptoms caused by low pathogenic AV
(LPAI} or lentogenic NDV are considered of less relevance. In contrast, highly
pathogenic avian influenza (HPAI) and Newcastle disease caused by high virulent’
viruses (NDV: mesogenic and velogenic strains) are notifiable diseases.

Whereas routine vaccination against NDV with lentogenic NDV sfrains is
performed to protect chicken against highly virulent NDV strains, vaccination against
HPAI is not performed in most countries, since HPAI is controlled by an eradication
strategy. However, vaccination may be used as a strategy to minimize losses and to
reduce the incidence of disease. Immunity induced by vaccines is subtype specific,
which means that a subtype H5 vaccine can protect against H5 AlV but not against the
other H subtypes. Normally, influenza virus replication is restricted to the lungs because
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M genes of NOV strain Hitchner hi s recogg H P
Npweasde disgaseidars 298¢ Aat (Glor J5avrenchs dererisHzed rgRighe foreign gone

eitcD8& ﬁﬁ@f%u@wﬁli%ﬁ %FJtéiQ'cSm‘é\ﬁb 8 Rtreib P BatildhsthER b\MElt Qxlﬁmo acids, said
recovered fully within 10 20days Nakaya et al

SWMOHSIW%LQ%@@H?W o1 pnd/or byt oS} odus aﬁéﬁ?ﬂtﬁmg at least
ot Lﬁxﬂehﬁfhﬁ;ﬁ'f@re '%Sg%ﬁ& HOWR ndt EdptdiPh séfuBndeQh R icBbORBS:Nized by the
expressed a LPAl hbut only 40 % of the
viged pelymgrase oémeakewaﬁ&cesea%‘ﬂ%@éa bR ISEA SR ogeni ¢
NDV and HPAI (Swayne et al., Avian Dis. 47, 1047-50,
2003). 25Influenza HA proteins, .are synthesized as
Inc érdraspecthere df REOVIGQA® vacing agpiagt @r%ﬁﬂﬁ’ agdj’ﬁ p&sS: ogprising a
reEiffbih SntPQSkcasfi@sdeadel AR daktor | 8 aleBed hb@ cCaddSE pi@haceutically
arginine (Arg) residue into two subunits, Hal and
MFmQﬁﬂqﬁﬂ§e%W7 §fe contributes to the |nfect|V|ty of
the virus. (The nore efficient the HA precursor is

h
A ﬁ%ﬁﬁgn h%tﬁ%g{t‘)g 6%00 nlzg& ﬁlgwgl A)W[fﬂ*é?as? ‘;‘?frﬂ% n*oﬂorggzwa-[age

Vv

enza ses
Virifetics Bee PECRAHPYEFAR 2 PaUeRAR Tt RN ecRPrige minmal
conEahlrdgeniencetshaied dycurst BErseguanceeefgnpnonedayisiles. Bameln

anATIUIRU A6 HRGRAELIVOsHrBS, wHiday agaysabhie seifsSdnme et al .

ho1
o s e S T T e
Proc. Nat | . Acad. Sci . USA, 85, 1988.).
Fortbp epéailld rpondnegaNitgiasy cpiat ¥rsg e ePogiic GE sequepee known in the
art WRIdppRt(WHalahest ak sofral Rer BBY fotesatplerihe GRsegieocd ltade
provi ded by an influenza vacci ne. However, when
these types of proteins, that is, proteins |ike the
HA proteins of a pathogenic H5 influenza, that have a
basic stretch of amno acids in their sequence, were
inserted into a nononegaviral es vector, certain
probl ens were encountered. 40 First the gene sequence
seened instable to a certain extend. After several
egg passages of an NOV vectar in which an H5 gene had
been i nserted (NDVHS), spont aneous nut ati ons
occurred within the part of the gene sequence
encodi ng the basic stretch of amno acids. In
addi tion, the coding sequence for the stretch of
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It was found that parts of the coding sequence for a
stretch of basic am no acids, such as present

adj acent to the cleavage site of the HA protein of

at hogeni c H5 type avian influenza virus,
Y%Hé‘w(ﬁ*’ ¥quence recogni zed by the pol ymrasglz&gﬂz?wmﬁug
nononegaviral es vector as a GE sequence. This may
]Ln@?lﬁeliﬁrﬂs%ﬁgdﬂﬁﬁﬂwlﬁy el sened, ﬁ@l\'aﬁtzﬂh@ @?@ﬁl@j\%ﬂs@gorof t he f

u en r y of -
eI, S8 8 RN 0 L Coni oS BLRSY of
FW%%Ph%ﬁtf"stcrd?fﬁ?’ﬁg%ﬁsf?@?%lg rOVI de a

recombi nant MV virus vector that displays a higher
We%ﬁ}ﬁ la&j@rdl 8lthedhvantion eddBiaGE BEQ@ack dnssaof eocer @ithin the

eg? é@&& ﬁggkgenone of the vector virus
at s

n i ncreased i munogenicity than
eX|st|ng W V|rus vectors. The present inventors have
Tleaumaretsgwerakapiiansoties é theéh'!i%pﬁmn tgpchieyediis gpinadrreion
Mojnemegan be ablested tat by asitior dhiesgot entdiresadiusndedbaican be
rEESgrﬁEea Bl BRWISI RUlRYdraRSof tha TRbiRegdvitalRs OiIsCR 2gene end (GE)

reconbi nant Mbnonegaviral es virus vector harborlng an
FdF 5 onal transcrlptlon unit conpri si

Glene KoR BFT ST RPN St AT & Wi protdih, the
oteigrgega wiay bk ebtajried fomyesimin ofdhg vijusShicheBraide. caiesa

ety mibprace gpwhiciathe Solling ssqugeteedams thof éfichmpass a
pEHanee secﬁ}e f@h@@ag &b dathd Ak if AR i{cPERAISBE HE DRus does)

sequence e a protein, Wwhich protein contalns a
stretch of at |east three basic am no acids, sa

Hewayet Sineoaksinses #g IoF that gichianenaniggye samueere CBE;P&Q'?@'“@C*
folny a)wild apk dines itémpreleoad & mutaty awild typesseqoercelof dierfereign
e isie biRRicAURIBRIreSS (SRR BIRGRqMINcE ResUchbRIegRNG ERethe

ﬁo%en%agll@gg%ﬂ.tab& §lﬁ8hon%ey\@r¥sérmat it does not contain a

e-recogni zed by the vira
polynerase of the nononegaV|raIes virus as a gene end’
TreEpsuinguesnmbinant Mogorfegpyralegyisue vectar Meeein e freign gene
éncBdshostolet viiEibroRinccon e s treaohtof hHess $réebaticcaaise

é’diJsu§ard’ SeEhQY co'ﬂé'i"sﬁ@' di ASgiRRe BdE) drdRn &lsidd @D GEdidls ARd

e B S 1508k L At

ody rewgnertey BRyiral PabsEse OhRieNReacavisalt: Wris Ss a gene
andrseguapeads edise@E)t of thgueveotion.char act eri zed in that
the foreign gene sequence encodes a protein which

ﬁ-[ Cbtaﬁ'o?th é&%@hgﬁ @ihﬁ{ ﬁ@JdEtPo RS mahifdf @§§edah§ ﬁ%@é‘aﬂe%here

ool Boion Dbt b SRty AL e ity e
thea@n ofmﬂcﬁyea REIINREe SEAUaNER eRtRIINg G STgEhoEglesd &

Hadie shiMceadfs. gene is nutated in such a way that it
does mﬁet&mbéé.@aﬁmeeewe RCRfihdRds &RBMbEssIrRGe gRkERkebY

%@ﬁo }:{ %sasei&%gyfr %@%?rcﬁfp ctonﬁstmﬁvéﬁ’ E}?s (_{l e(toﬁé %ﬁﬁlsc%fjgj K Yhd
Arginioe (nerletier b‘%‘g )athere 2P 0% fre el riiIeSCes b Lysine,
Thirewauld scipdoihe deduance KKBnaidrambingdorsaef 2Kevil TERUAR, KRK,
RKK)UshdV@&ibinatibrad dFaKi anrg 2RN(Kaekd RKRoarad RIRIKR bsteisopibigan
stﬁ@iches‘:&@%l'c%h% éaclcfsc?ﬁc?dcﬁﬂb HE Qﬁec@fé%ré?ﬁ;hcy glids ddgnkds

| seas

nelhetb s o8 by oGRS b PR BRLToRhES &
bapie gainpearidsagipceTity theadrmaagasites Huiha EYAdpisiag of ppipgagpic
itfluenfzorresgmaeneioegs oglesmay prlodesanuenes fikgpRBKERNor
ental ns a stretch of at |east three basic am no
acids, said stretch consisting of Arginine (Arg)
and/or Lysine (Lys) residues and containing at | east
one Lysine, which foreign gene does not contain a
sequence that can be recogri zed by the vira
pol ynerase of the Newcastl e di sease virus as a gene
end sequence. In a third aspect, there is provided a
vacci ne agai nst a mcrobial pathogen conprising a
reconbi nant Newcastl e di sease virus vector as defined
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However, since chances are |ow that such a vari ant

gene sequence can be obtained forma wld type virus,

it is preferred to mutate a wild type sequence of the
ene by site directed nutagenesis to

f orei er
YReY Zlﬂﬁ’g"nce to such an extend that the 20po¥(g[;4’%]?22\97!°°2429

CGE sequence is no |longer present. The resulting

b%@&{é%@@cﬁ!ﬁ i %Qﬁ&éé{é 57 £, Whdris 06864ncyhiey &hminkhe

L8, i 5 o 15 Gl 5, Sl PG Rl

Hhertth ertaiidioathpgenic 2y Mﬂv?ﬂga ViRgsgs: %%déﬂg se{anse
elurslingrifesbasicesgrehad! aBporrids aijagpnito theedsavagneilelof Siamgotein

way ehnthin el OB r#AteY4toEsAMOL contain a sequence that
can be recogni zed by the viral polynerase of the

rmnone avi ral es virus uence,

TP RORPEE s yoats e EoseRy AU BR IFhEe BEREH Bepoestone
m@taéprg may 6f infrodered ndeaby o “Heof Fh?@rﬂ?m%lstf%'w@lnaﬁl BF |
sdiiends Bavitethe c3fitibe nicive(tgBAPAA], eiiginall ptesentlitAthe wild type

or& r?@éhe%feq @erﬁét@ %@d&b@ bfandvdralciédibuenza virus, nay

@m&%%w%f o teh%“‘f e R Vs paH g mguence
sepaTized as a GE Jeauenen.chioatt o588l be AfeT TREpQIdes olld have to
biefeplased s amticw mpeiseidedfonexampiesa guanidrg (@kno aci ds
selected fromthe group consisting of Lysine (one

Wﬁ%ﬁ gﬁer&gcﬁ% eléller?d@z%é/%ﬁ Qéc?éd'\ﬁutﬁﬁ’éﬁgsr% gk‘é@élt&é)cgﬁs pl@erably |
e TR0 00 B RV e v o
lewath Hewevesmtaions )t e nhclaRagikjerel thaklead faronsenpdmutations
atangoamiab iaoid Sevef (midénmg dha? Bnd Barie, aniiRacidiisdefRiRIY by badther
@As'fcoarh.ﬁ@g&a L HeehRss R orbaséc@n@mma@éasfdse haxeptapieng
rn"eexs pe)l(él where ?ﬂ'g od%?té{?ﬂeqﬂldﬁﬁ)%lb%ﬂ% ggc]u én%&ﬁ {IJIE h&sic
SEIhQl RO OB BRI Tl & gapedod iy eocoﬁﬂ'é aaa’ this
aiden ey degidtasd into kg’ iMterneditsdiereion opeq Reryiedindo a vector
cbfrﬂfﬁé HedHZion il WhES iy vig hipeRg@usncaaPaitivyar angihinel esidue
SRSt df 'tﬂ‘eeoaigﬁgﬁ&ch%* arfmnBatids !s@ﬁ%&fé@ b§ PR it codon

@ r aa_an a eas

'a%@%’%{“ﬁ%t P Cad T E° dhet S50 E ek Ral e %?‘? 3 Rng g the
iB¥gidien-al |y in the COdI ng sequence for the HA protein
of HAtpstshogeraa’ cadormencotingreiygiseNn thadd type sequends mgy

SERAURRE0 elRaRhE tobiifed RAGHITgdiksefwhcothatiBinorpaeitadsnto a

\%g ?Sﬁﬂg r‘t%rgm ) eSL? nEfh @i%;@ wat 136 &%n%n‘? Rﬂh%é’ﬁgycodon
%q G‘@ﬂc@dﬁ? b gl \od“%rﬁﬁ" SLean g W mnﬁ afids
containsaal {eastiwo hysing RONCmgids Berownandoieeeit a ag/ofdhese
lyenesaf etidtdedbethertedsi taaltire prefdried, laut G erenpre mutations may
Mé&g FBP@(aﬁfE:lE'%er‘éQHé E@dlrggtée%%ﬁé%el ; uféi(rt]‘:ghgigm\ﬁdélnégg codons
338&’ be rﬁg%'dﬁ%éjmh ?Ergsg gI ngpractl ge i f a
rrutatl on |s i ntroduced i n the "aaaa" tract that is
Expetialbfin siesed therdesiredstaljity zEitle sasulingectsdiie peéerregtio
ihtfRete 8NEaf twd MataBeahdahdRli@njend eaha tiletoleRvigiehe be
croﬁfglkng 9 @d?;'ngﬁirro@uﬁétﬁ QFe ﬂ#@fel%g@rmlﬁé@é’tm%h@ m%y be replaced

b aag codonS| st

=

Good results were obtained with vectors wherein the part of the foreign gene
encoding the basic stretch of amino acids contained one mutation in each of three or
four consecutive codons encoding a basic amino acid. in cases where the basic
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15Wen altering the sequence by site directed
mut agenesi s these alterations preferably are silent
(meaning that the nutation(s) do not lead to a

nmutation at the amno acid |level). However éﬁ#ﬁ&%ﬂm
VEP 2007d047%%c) ei ¢ acid level that lead to conse

mut ati ons at the am no acid | evel (neaning that one

Q?e?dh n@%ﬁé’ss@%br‘ﬁy thped &9]5@%&8‘3 Wre@ﬂﬁféﬁ@rﬁs 3P bE madd, Mt
‘é{'&%‘etﬁ?rﬁﬁ‘l %fDUQW&a"é'Q%ﬂ%?S br W & r@&%"ﬂ?n a}’? : %%d? he

wild type gene sequence encodl ng the basi c stretch of
Rurieramplie) wissre thie wildagte senesricy spmieins i athiec acid sensietiesd
IQMKF( %GS&Q)Q}W th@AdclediBe SefRHQ adiBigalkea Abs t thst Bédquence,

whaer%n e Orfottelﬁ’ af@@ s&h@ch r?lf)fg i9n ﬂ\%d @EJ éeght%hyc% may

%ée’ﬁﬁféf?@é”ta—aﬁ%\?%@ﬂ%gsﬂ grgeding due that forns
part of the basic stretch of am no acids is encoded
e Megmsgavitiies vieeoanto? brety adheisr Neaxtoastid Diseastatgs (NDV)

\Feﬁﬁbr gﬁ@ﬁe"‘l‘&eﬂﬁﬁ gkSe ﬁﬁ@qtﬁ\ ;Pr@ feln d1ta AtH6EERIOHS @Glﬁ@ irflltgatvius.

e I nvent ' east one "aaa" codon
codlngalsme)lnthevvlldt q e m
émda'ﬁedtsw@r% pligiped Witk anbEVTveelgr 'Pd\%/r@?% @‘gﬁg ib‘*e%%ﬁér?g 8
patiaigenis Horevian rdfuat&chddriteen mcorpotated (beWﬁmh nventi on.

Such 1A GreGradBBYn indYpbredie Heantergenit ragion trtwsemdns
IS[E\ZQ EFZ?{% t}e IR ranyifgh Eh& A e DE ¥ SR €he

%’r tal ns at | east
@\ﬁerl_%/‘gff‘%maﬂ'r% B GFRRS ATRSLP A PR 2P Pl ast
seqeersk hal deen thasgedintd 3" aga eagd édd BIY” FAIUSPERIBFFOTdNL e the

AéRodbithe progsht invehtidnwo or nore nutations nmay be made.
For exanple where the codi ng sequence woul d contain

'hgl c%é Baaéiﬁ(mdo %@1 iié:gn{ Orek%a Ign&mﬁAt}?an ?@\ e&\éd

all'y 1n

Vot lovRE of B8 N it MFBIROGHS] TTeRA PPN 84 1 o
emélbpeiuce at least two nutations into the foreign
gengordher, sNpVMEnh StaBlly SRpressRe tIROMbEiaISHA yene'faambre than 10

eg;g;%%g deQ | Wéé(ndQQM‘of%QEkéNs%tﬁrr\ﬂi‘\lf%nmﬁbééeﬁchmﬂ%dI)SWH5—

i nst e
A3 e A M R SR8k 428 UhdiBnge
withaolethal duseef usleasaPY Rehighls paiheganisy M. TEFPagiYaH:
Rerhatabihg Bhed dirgicbf dnfleemaatvértis was nok oaeried fFurthareereor  f our
|ﬁl%ﬁﬁ§ﬁ5d Wifh I@Wﬁ!ﬁ‘rﬁ pBRSIREH §8018qika Sliserimithid oRCadtinated and

éﬁ? I§ VU ngec‘iet hrn@rﬁ&’sﬂ% se%torneatn o‘?&bcaggpn@lsdtﬁg ﬁ%ﬁéﬂp\‘ thi hfmﬁ)
Qe dmfeloTe SaFOTARITE NBIVHTE! 1 Do FBen NP i
NN atd Alvs andinap be waetbas mgﬁemﬁtpp &or thergentolof, aviag influenza

g (]z\%pe sequence contains the amino acid sequence 5

RRKK, encoded by the nucl eotide sequence aga aga aaa

@%Eﬁf% 3?&%@%{@6{} A d-%cf_qrrf ?ﬂ%{ﬁﬁ MV VHUS \Re%{o? Hérbgr‘ng%ﬁ add|t|onal
ireRgCriptomuiooRRMsing o oagjen SRl 2EaYe b'ﬁ@wgt"i he Encod. ng

RRKKiording@albulamn eghis medtiod $haisolaied mestsicaciqynelteediding s
gf%n&'ﬁ%ﬂﬁ& M& LS 8BRS Red infibtir ADNAMbrd Qveeade)r Thdllolvb easy
m;%?qeu gl%q ﬁsérl}g‘?'l o@ L& r[ﬁclgfc RidRL0RE I?l'tcpth('a'blra"iiﬁérﬁ)ﬂle

NDV r\/%eé‘P@' V??P‘{Wa%c’f ‘?r%“diof"gﬁo\ﬁﬁb Eﬁ%c}fa’f tﬂ%m %\'%’?{10 YIS ¢
feibign gerem beﬁwﬁbrmm%nh%debeéﬁﬁ@%ﬁ@@fﬂ%ﬂ%@ ¥ ND‘?/FBH’)COd'HQ
rddiénstihageneahas 433 proma-praingt getforethe NeNP geres el dstal
dnB UrRPthBE L MREY) of BBenome.
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15 NDV fusion (F) and hemagl utti ni n-neuram ni dase

(HN) genes of the NDV vector. The HA gene vas a

nodi fied H5 gene, wherein the wild type 'aga aga aaa
aaa uence had been changed into a "agg a aa 3

\Hﬁé"‘}@@%’%nce according to the nethod of the‘%%f‘*‘e‘?g%f“ﬂ“f’
i nvention. 20This vector produced significantly nore
full ok @1 /NP 3Bhd, Y

heﬂr %g'%@glﬁ E@éﬁ o %Siﬁjéq‘ﬁéfé&egeat ed m;’r e%HA

B? ?T‘cﬂ'ﬂ t"@ éFa‘g «ﬁ“ nfﬁ% doVar, NDVHBm

st ablhe siRpeswaris 1o ue aRsipady s reRbFrioT @zymp (REXrpragnition
idhueqs passegese stasycitiag witrthoénzghe ekeingeducing aNDVHS m:
Wﬁf@ ARG %Qaﬂe\f@%ino@%§ﬂ%‘ﬂy éﬂlﬁln@%irlbﬁ?ﬂ'&ﬂ%{n@ d

%ﬁ%ﬂﬁ%}\ %gquen?t% a?@ r?ot?ﬂ%lf@@éat étﬂ‘leqd% i mﬁ%% re(%'émtlon
H APy Prieed EloApa/sonpe SaeTiFarl ﬁ@%@ 19) PCR

whiadeliesiy. of i nfl uenza virus was not observed.
Fur therdappesition BB irzeschistion shdsbiteNDYkimseier deperidadn the site of

@@é Ogbrce@gmﬁbsiﬁE:és@(?rh%hé&lﬂhdﬁfcag&ﬁgisrh%ﬁé’d :ﬁﬁ%n%mhe

t
ST Y PTG ORE) o S5 TokE ) TREr B G
regiefARraherelgngrashnes cading rS@iP’éGgé?EareB?Q?ﬂP’éﬁie Rracci ne
agaiAtietnaliiRly, ardsed Wansarpdiomeasséie isiptetivasd inerdd norn-coding

i%@ﬁ bendu@l m\hﬁlnft‘s@@ﬁé Bk cfse@yhanbd dﬁ‘frﬂ;ﬂé@éﬂzﬁ A RE)recognition
r rus
c%tgg%wérgbngb Iaﬁd[ n ad FRBO‘fg 'Q@g g-ns C&F@E u%ﬂl‘: t

TeERAFHIPR Fify® a forel gn gene are well known in the art.
Nbr éimiaripan thsew transcripfiondabsetieristin belinfraduckdigioat & gon-coding

regeuh 6f £nagrhiMVth 8 gehetha Bebstitemaetrosenpobed diss” RE retogigon

Sndﬁsc%g JidheO’RF éﬁeﬂbﬂnﬁn%ﬁﬂlﬁfﬁe@oﬂ_@@](ﬁ Lbowe

a t|on nsertlon of the deS|red
E'P'&S‘ d nol ecuI es into the viral genone,

genér ma|prepmﬂpfoafss%'m@f§°w10@ FRSSRfas Ghe thedrpediop H‘eiﬁé’é@to a

IﬂwMrdd’genomsenlyurmolvefoutlmfemleCLﬂarlbmlcgma@mlqubﬁﬁum t wo

éi(@ﬁ@ﬁ?ﬁedhn e lileRstirD teldrefdRk Gsté® @h® M3hd ﬁr@ni EdampMds.
[Qi%uﬁlf é&guqﬂ&géuﬁf %Efe-cﬁre&g@ ean@%’dﬁﬁ'l‘l ta@e?nej; can be used for

5 BURPSeEiFeioR B RS PG BPiosol By Tiglestlar Biokoay g
. &4 dugubehetrad, Wik l‘thad%ﬁﬁdét@éd@@P?s bé -& ASednddtinkelebile
NidtRodY iNEngeitiogy et WBEB7OBBR198M M G F, G F- HN,

Fi '\I'I\)ror@mqaaﬁfchﬁlr alre@Ribfant MV virus VeBtoSAdIBIRE to thapreiséntt O

|r|]vgggan(f a:br EPa Eﬁ(j!)ﬁalrg{iréeaﬂ? oﬁﬁg &IEI 8%%b‘ﬂ£he%nge¥g@eé rcs ][nethod

thatenahlersthe goatie moddicatin F’Bmﬁlcﬁeﬁ@e%tﬁ ESORVE 54 F

virnsass themirdes M\VCaevisstet dor egimpgle by &prpethdny, IBXi. e TODICS

mla‘ébbl Fhrh Qb 02 Y11, 2eT0 gid Wabha SEMUEENMS Middstbol Niters 244,
I ocated at the desired |l ocation, RE

d t t d th
L oSt T LA SR Lk g ™
CPh reeapites samroiping # nuelectide spauenrFfaisRcRIRS §é‘t‘”t'%”€t”b9%’é‘mev
or,eefetadly, atepdipesnenpodiive setse) ofa MO vingseand @e.or Fore vectors

C%?ﬁ?Fﬂ?rllg?the IBNAFTFe@ieh bansiiighubiestide asGRhte that ehaseriiced
I eCiUII"ﬁ.E %l{pg)o%&t%g% %ﬁ&@? %Mcﬁﬂoﬂ?&fﬁé?ém%g%ﬁn& %Sgﬂfltlbl?%d’]&

eXREEN Pyize "(’Wﬁapft'éﬁe&f"gﬁ a@%ﬂ@forﬁ 8??*%&*‘133‘ RSN aRe
recoowiant My veepn i this method, the agid avgipie acjemglecyismensadiag the ful
IdrghNEe Vir (a0f)g@eRaiohPrised anntdioshaCieshstrption anitds defined
aBQR- coding region of a natural MW virus gene the
cassette may be conposed of: 3" RE recognition 15
site-GE-1 GR- GS-non codi ng regi on-ORF (of foreign
gene) -non codi ng regi on-RE recognition site 5'.
Simlarly, in case a transggiption cassette is to be
introduced into a 3' non-coding region of a natural
MV virus gene the cassette may be conposed of: 3' RE
recogni tion site-non coding region-ORF (of foreign
gene) - non codi ng regi on- GE-1 GR- G5- RE

e



10

15

20

25

30

- 35

40

20recognition site 5'. The preparation of such
transcription cassettes and the insertion thereof

into a W virus genone only involve routine nol ecul ar

bi ol ogi cal techniques, such as exenplified ip the
WORMHPT3% references listed, and in the preteh Faoormosaizs
Exanpl es. In partl cul ar, technl ques such' as

si tepgi {Led %dm réD %n@ﬂcﬂ%@ %%‘Fdsﬁuoc BRagl®r HSRHd, ft@\"vhlch

Srayes DA e PR st tﬂz?g}@%éf’é 1 e SBou FI Bieg T 601

gltached DNngggenNaqd its tiemeipie)) qqd@ﬁ exqggsgs&u iga gelh_trangfegte@wﬁh

tizdelionkel et al., Methods in Enzynol ogy Vol. 154,
376-p8Rrabil 9BE )/ectM?érQhé RaRedidibs b tBé ful %n@ﬂh@éﬁ&h@ R pldékhid
t\ég{ u%gﬁge%tagg%h%geq{xgﬁc%%{lgf%@ﬁe Fé[lﬁ)ggﬁgm% V%]u ﬁ‘:ﬂxkgd
tg 1 pemerhsa HBHOORHEE SHLABH ed ?H"?E" pipgeyme seqtencs at
llm’ij efid, aitdugh adB an 8RS Kérmmhmenasemayeatencan sisp 8Adeas- RNA
vir lﬁi}@&ecﬁtratdéﬂuléﬁ aXBreshibh GMtieyimpredakaupmxigmpties bse is made,
;%g%?a%‘ P&ompﬁa{}%ﬁgﬁDﬁﬂ@b&%ﬂ% QﬁfﬂHhQ khesé Hﬂi’ﬁéﬂ@' under

figortiLo fﬂamp@ﬁtagm%ﬁ% 20iifhy SdayBhoes, SEVTMARRRSY! -

RIpMPIEpri ate cell is co- transf ected by a vector
conpin b pemiguladyIpefedbdmatbbdiuthe prepamations piayresoriesng Wivivites

FRH8RCRIIN 1B IheaRERAEBvVEtib lekprb&iitiht Plasg AR useilthat encode
§6 K699, Kanl LSS (RRST ! ve Sense) of a M/

"ol dBaRRSURS AEheY refdraﬁfre%%%wpaar? SERDES o2 JsAd TR e
geietia tecfuiologyicexepp broad prnge eRatios fan HgeuprRASHARIMIgI P-L. may

@ fréhh 8BYut P@ 1P e kM-t :2tahaBRicientptahsfactian groimolsdorpaes Giue are

@IOW Ii}pthg/g (antl)genorre and support proteins and the

el I YT By 18 e

901 eCul e e
35 ftaen Gt FNRPOMeRSe GEFA G D1 DGO 2R A s RNA
iadutisbiemdly packagesicandpeplioaied by the aisal @apriondoteibosupplied\iy e
dbetﬁdnerecﬂeaefﬁ?aé@tonq)ﬁsaﬁdg con, such as a plasmd, phage
at ‘ atg%gﬂg%rreﬁ tha 'T?Eol ﬁi@%%(?@ﬁzy% EI%QH&PIS Jr%)éor?ﬁnant

t [ cat
ot Haie BTG fedenaied £ 1 pael bl Gt 77
yexpeeethpryacintbinant pey veciom §'ﬂ¢é‘c‘=¥sé@"’*\ﬂpi‘ M'"—tsh? g- fpleidtTgpol. or
i efr &t vadibrg maythe uged foo thefeaprebdian ¢TI potmesaseof t he
ful |Seb§rﬁ%ribf%’?@§tﬁjeh Sirds FRInRetcHiatvivad caeaEpily eefcamSliEh

tfyl ggﬁ)ﬁl a Or%? c%rg? !}ﬁdﬁ %%ﬁéﬂ!r%i%ﬁ r]%rfrFesgt];e (gfl?e vh’dsrollJ ?J’Dr\]/ 4

reSURERAPE ?‘F*&e"éélbt’ Dpcyiatog A e S%‘%jﬁ%ﬁ‘é&* Eﬁ'“sf dge'géﬁhd |
eatinyooatgld eggd 3 or SP6 RNA pol ynerase pronoter can al so
-be ys&tlevenonors PRfdrildlettogilett asil liR¥paessedior b trahsdection of

95 Pzédti@%fanﬁ%&?r%& lorpvé& ﬁ’lﬁt déﬁ@tltutﬁel?@gﬁess the (T7) RNA

r | SI c DNA
5??8@“ Hg?ﬂﬁ qgﬁ)qrﬁg B;*PBF% Sr\"gporpﬁraé3§ *the control
of EppeEpPlcatasceapiansies NnisHRn PSIACkiBYRGdhE Bumanergoryg
Kidhey odiMine 283348, tirab bxpresses both T7 RNApolyneaesei and IMee$lgs virus
BBESE8rb@ s KR el Haab ok ald IEMET At14057 7615784, 11809 RhdiieRt

vgglﬁjsgfupcell\ﬁﬁ fh%{ ca %OJSQH g@va‘ﬁ%g& |yglrl e sehir] \Eﬂﬁdnngased
R ‘Fe"aﬁEPf?_SSﬁHGd'E“‘eTT]% BP BT oPLIGS BOR T [y o
ahnb Vitbls7H1251-809,0998% transfected support plasnids to
be wagkrinBret hib&: detalied sorgetiet doacdraiod thelregyseqruetics a
Had 57 @%@%seﬁ@érbﬂsforftﬁ’é pre aﬁiﬁ&ﬁ@rhﬁvmu@%ﬁédﬂc?nd\lo%d{%resent
Rt G RS B bt K G0 et
the art. :
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20An exact copy of the genomic RNA is nmade in a
transfected cell by the conbined action of the T7 RNA
pol ynmerase pronoter and the ribozynme sequence, and

this RNA i s subsequently packaged and replic .
YRe&%7{1p4F2 support proteins supplied by the A filRosaas
co-transfected expression plasmds. It is preferred
that a T7 polynerase enzyne is provided by a

reconbi napt  25vacci ni,a, vi rus .t hat . inf

* r andPabiir EEpRBRmR VP Yer Risdo] GBhSs I fon aenos pas
(EFrEdd) the develgpatentrivestors & SaBiPFRRYIagis an¢ Biefapedlic such
asplitaohs.pox virus, e.g. fpEFLT7pol, or other viral

vect QhLgedibing et N OFlislvBEtof At8orainp teB6 beBerinvéiftidie foreign
gé)nleycgﬁ L r%%fepending 0??‘%’2323??#\% Qifrus:t\}é@tcwr SReHedh b Hﬁpllizét%mof

accinia’virus can y be acconpl 'shed by sinple
PRYSH¥MUE-echni ques, such as filtration. For rescue

of = Sthederkigy genesmay erkps ars@tigercef@n detherbwicebid! BytBepenye.g- a
{inecudcrtiu Rl @iradibl espaphafueigf gdne @nsfdes tedniigehloBa i n
g{%&%z %ﬁ]tﬁgb@@?@fc{t L hr @Gy RitnUFR r&spBrsaf erred

cel nes are used f ' f. [.QF
of (155 CYS P pdage et re R iFee, Bt b hbARR R e Vus
astes oftha ipvasfign iagldes Byt arent migd IRIGAUIBR yies Aeop or
ganes o parteubar,c5 ardueH T leauagoletnis ggee of aviandnfilienza VilBs.Rsnes
§orREPHEm IiQSSIsBdal Measdeasruy IBDY), spurifibaly aehi o UBDV), Deries
ge%frm%cﬂ IE,' I%rgr?cét Q/HJ I ?felir?quﬁkgmfé@iru%,%ﬁine distemper
expresses o_?_ RINA go? (MErase an Measl es. vi rus
GRiBrene fRsieis RSN YS P g Mighia gioanisipya aaificllqr,
BiftiicdizEasi4, redrde By synndiehdrpsapeparaililiensa vidads, hymaie t hat
@aBpRainidsasdeasdvantageoirsd.y i n the present invention
i s basRdnRR, BeRoreiBh henetiBY &R8ddWpdiiRpidé ifine-modulator that
RO L REncg orFjodila tat TGl Wiphileto GRURIORIES, for oxampe
I forarereERea cigline ek 87 PRt RYK (St Ilom e bh B4 TN R
GEMEBIge genetics technology to be used herein for the
preparation of a MV virus according to the present

R i S
SRS LA 0 (PRSP o gty Vi Tt e
frsigsiggne gamkesselested fom A Wi vaTieht ¢ EuRaY 8GR e picrobial
pegicigenss for bot h prophylactic and therapeutic
app |Altg§.tndhodtﬂ Wl‘u{ \ﬁrlugefcarn%%im %haél{!ecw virlsfinl the\pRsEeAT invention, in
accor di i .
26y Gpbdionh e = RERon o B i )2, WX B9 s o
i T bV, AL P O LYiSa e PLEO RO i, pore
refeeblyf therspeaimmrabies dus caliNMrdsgedively- an (ot her)
M cneb abo prateRedembbdment tiee recombindnt MY, virtiis taedriision tod family
l%?%rﬁj?ﬂo‘/ﬁt)j e, Oﬁﬂ;ﬁ%&ﬁ# gﬂee Jﬁ%ﬁ&?ﬁ%&&ﬁl’g&%fﬁ%ﬂ%ﬁ fRspaBles
A DL G ed Beiod L el g
the pReecics (i arEAURITUS APAFiEURRDE SERIPSINRYG t he vi rus

In a particularly preferred embodiment of the present invention a recombinant MV
virus vector is provided wherein the virus is Newcastle disease virus (NDV). As NDV is
able to replicate in both humans and animals, in particular pouliry, more in particular,
chickens, a recombinant NDV vector according to the invention may comprise a foreign
gene that encodes an antigen of a pathogen, in particular of a respiratoty pathogen, or
an immune-modulator that is capable of eliciting an appropriate immune response in
humans or any of these animals.
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vectors of the invention include, but are not limted
to influenza virus glycoprotein genes, in particular,
H5 and H7 hemaggl uti nin genes of avian influenza

Vi rus enes derived fromlInfectious Bursal &8
wpRoieh g , specifically VP2 of (I1BDV), gelln%e 8652429
15deri ved from I nfectious Bronchitis Virus (I1BV),

f e:c ' I@&/efs‘é%ﬁéﬁc@m\éﬂbﬂﬁm i HeRsticthipRRBEGT of WDWive BERH ne
L.nfectious m r |
ggcd%sr?d Efﬁ c%l'}%r I}"fb\ym Il—"éet?:r%% él \Wofog %%51 5§d@r ZQth
BORETP PO Er ?t@ééé Cepalimgl rﬂ i”“j ”P1 ‘?1‘”9“’
Getzajpreponibli (suzek Fatiermerasit i gisgikpays tha NCR epatbeveedas a
\Pé&ﬁ)rfdiﬂti%l SPrefSHoiTBigh BERGEfoReRMplep & theddciting of an immune
G B HA el b et
go?y"e?)‘?ﬁ?ﬂpm’aﬁng%fgggaﬁg’ a cyt oki ne such as an
i nt &k foesigel gene eamadvaptageously besntrodimgd jnto & NPV gegpme at various
(9GRS oufiined birgbeerabbr MV virasss wies. laaHicvian, inseecaniinant
RD¢ vé&éreacké}duh EJ thé Rluéhntioh, 41e ea@ (hs%)'éaaf APdppropfstei N
Wg?nénglgrl] gnlt) Farl |I$iséﬂeﬁ lﬁgm%@ﬁ engél rli‘_{)'nF]r I\gisﬂll -F,
o e i 1t} 165 AR 210 it % ‘?CH% o Py S
Iakalie gleats 2001, supra)prefatsiblyrin Hiel3” poxiviek Bd644-€ and b&Nregians.
1A8 FHN RGloRAbeb Mist prafetrB®& present invention, in a
pr efh? Y gﬁc@é&%oﬂﬁ@i’lt Sfthd ﬁ@eritlﬁw g Hatcb:?iﬂném @dD\ﬁlé@tBbt‘s nant

et Sl gpeR rie ek Bhbts FriLomes
Novi r habdovi rus, nore preferably of the species

A adebebinamtNDS/ wexctor bedohdif)g todisprresantieyantion ernadvaiitaggously be
Regtehsgd a%fmﬁﬁdh@i%@bodsbaq bRAAMRipaABilandMickdns kyainst dher

p{aﬁhoggns tl'hél%]%ﬁés rggor#@ﬁa%FNﬁg%Etbp Er%ferﬂﬁoﬁ{ LAs Y 18kign

NnuSes

WPW §RCOgRS %ro?q%Yeoqq |g§r{,&reﬁ§wap Hatbgqe[nr in @Pi?ﬁ?rﬁg'nﬂ uenza
\Wpeaiiarek OiiveasPiesmMBDurfections ramopipshelis vigs HleNyeiertioys
Brénéhitia RiELsAIBY) Anfetidgs bursalaisehsevitua (IBDWE clifieo iasgmibi@vs
(CAVR r@ituls CalkArbio BB BRI RRn6 RRUABP FhiriradHBfs plﬁES{‘ERTV),

%‘ﬁgf%trﬂer{aﬁsgeta?%Sfmptosp%dlmsﬁéfaﬁlgsﬁnsvﬁﬁﬁ 9L MI allm Hg; %e
SKBOVgRANdM dpstieadridis r RnPRedE e CRARPHRRAR! eﬁuﬁ?ﬁ'ﬁ@%a pium (ORT)
afeptelielia $m particular poultry, nore in particular,

Chi QhRé prefetable @ TbdrtanhNUVwectbodonpassratbeegn gend ihlat

én@&?&@tén%tté&yof QWE?]\S fLT, Ve, REY, B QR TR &%ﬁyc@ﬁigs%jae S

res %f&%i'%? E%E%‘fg’aé Haf%i‘{bVaY?cfdﬁFﬂh‘g?é'g%md’ﬁ' i he’?ﬁ%‘%'““”’“
(HApasiesf on indugrepwirysy Pesferably picravian éﬁﬂPWa HE”Sr (B8pdnue
préfefabiy@ns highly patogdnid ARsie particalat of H5 or H7 ANRever se

9 enegf rs‘ré.p@mm drfdlof blh@vﬁﬁﬂﬁﬁdeﬁzd%lr@ dhrbd @2d af thisDV

% 0se r
lré\%engqn ‘13'%% nuc\?ogg sec@le%%%%é%naﬁ?@%ésﬁ@ﬁag dg rpé‘ sc%%g(g ftfe art
and s Telepit by qeBps BAN ba retrigyed fegip, nudlgic i segpense databargs,
s1§98y GerbrhkiontheNCHI delabagehy Conzel mann, K. K. (supra).
Fur trhe hemagylutinin (HB.) géreaof kreomntlhamaw\hugrmamgmeﬂsm

sﬂbtg%{ikpﬂl Wenﬁtgﬁlfi?@@[l{ ﬁ%ﬁb&i?adéf)uglg%eeuﬁﬂ 298 RRSgn §&e in the

et sedieieb s Fifhe bl g fe
moticgqmr,eggsora\fﬁg:tww dpvitgggen), sccﬁquemcgd L,gge,chow etal,

VEQdide, 50, 12,308)49-4259, 2004, dror@é¢rianigacnesgemNo. AJ305306). From

HROMAAEA0SQHEL YN BRsiRperiHAs thd A ger BPVe gainsED At

various positions as outlined in general for W
viruses above. In particular, in a reconbi nant
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10NDV vector according to the invention, a foreign
gene (as part of an appropriate transcription unit)
can be |nserted bet ween the foll owi ng NDV genes:

MF, F-HN, HN-L and at the 3" praqyl %&07/032429

‘zﬂa‘"’%ﬂ"“aﬁ stal |ocus (Zhao et al., 2003, supra:

et al., 2001, supra), preferably in the 3' proxinmal,
EmMﬂcd\{bE b G&% p’é'HﬁfE BrIhPSBat deherake dﬂch&QE@éto@ﬂllmltE’mmtat
Q{R%%%tserﬁgn of mah N'%@Bmﬁ@@ﬂa’ npRnt of the

recoffbi nant
whe b Wﬁewamqnawwqeaﬁgﬁt&bt@ﬁias AT
Neligieofitaly 445/89 & bpcised as Afqreigbgdiieriaine PRSSNiRE N
afimed 8bdve. Tre HAgerprieseate trmmedoandmpnmmﬂ@émeng
rltjlrlﬁgzﬂs EBn%ﬁq WL AA-didd8idl GedtGSRRANS €A @rtsﬁ’é?ﬁﬂ dnt ¥equghcad
Rl 2 b e h\firorgi%’r’?ﬁ? I 2 e R OGREBT N,
Mﬁf@?ﬁ%es a foreign gene that encodes a protective
ant illge parti€ulaly advandapepia recy@nnant H!foaus yastgr ggcogiing to the
r@génHﬁ%@oM'hé WA/ vaERF GlisSs Qteﬁ&ﬁ&@ theit [SUS szﬁWEBV)vector virus is
rlbort]fggtﬁc%# ﬁﬂ?orlﬂ% t}é@%grﬂgﬁ%? bt ﬁts\é's'hHéa%uH-rQ!ﬁc’n (ﬁ HeGkhQUS
= |

cPMpged qa @9 Id—ty@ﬁl Vé{”?f% ?L%éd U Sas viTls vegtsors have a
fang @fety ererd avﬂw&@%ﬂaied vaggieppsugh ea e m%ﬁsl@éyims and NV,
WitrRslotRe tiriskd, Susti 452\ SHAWSVY &6 Eonsittered righ#pathbgenic to

rﬁﬂﬁ 5 8% addilion Ed?ﬁ@rgbhéi &&hnl%&@%‘sﬂ@%taﬁ%@ s8@eMor attenuated

rsriprerare '&?%feo'wsﬁ"?ﬁi‘#” focy BRI ‘?”“"C“”"‘%E&‘ﬁ'“"e
@ﬂalmq)ééﬁséglnﬁﬂ?d'fUWraé‘eﬁr P%ﬁpvtraﬁ?@ FE%B’ﬁﬂl nant

idygenesis.or conprises a foreign gene that encodes an
ant ia08&oniinaht NDv MEMor dckdrifing td3Me inlEMibn Ean bodérveOiim any

MY GORLAS HP vaEc%% diinP @*&In‘uﬁéé' Fsuctt uﬁaﬁl@ﬁ@@iré\ﬁé‘brem\{m

Ei )
SR AR Rt s LA sl bl Ak

andrAy4: Clona/po°® einoche prefesedB3inof a hi ghly pat hogeni ¢

AV, in particular of H5 or H” AIV. In principle, the

I%sgﬁs@%eeﬁ foRhd by ¥ 'pﬂa%%ntllrﬂfehl%ﬁﬂﬁﬁ asrbéoﬂhmfanflm vb& sk

nven n

qﬁﬁor Q%E th%eres%netg-'ﬁ’e ;BEE %biéé W c?ﬁg ar t 3 ek
ant HA genes can be retrl eved from nucI e| c acid

S eq Teeretoral irt atotwe smbedient gsthGamBain 2ovaceingagainst a microbial

pﬁﬂ'b@@rﬁi% @rovided thal benpiies@g Blcuinbinamt M\HA)Ss gedier asfdefiesl above

f&?c | Cr&%an \f‘a%cﬁ&fr‘# n@b9“!\%39@1“@?2%@&&@%#&?‘& %lﬂ@ntN \2=

For & GhtRAEDHo A0 R EHERR Y BRAFF s

saBbeethosErRomsRaRly tﬂsgd fas{heycommergialy @vailgelg ives 2am @écffvﬁtef’ Rev

viileucainyot i ¢ expression vector pcDNA3 (I nvitrogen),

and gg 59@5@.@ Hbld dubSHHIMs Glocalbted WitB &l re€ombitRint MYFirugp.

Vﬁﬁgmr%%%qg%%%m i %%.&%@mlfe %%a& 2 55%9 E‘zﬁ@@aus

if]
alned exp
GERBNG AT §HERFHES el b S e
igip e phéinaceuticalpreparaign wile ivenunizngprepariesi al RE
r ecegan siira®ivitach i bislé toduppovthiznepication nf toé repbrebikidat MV

&%? Jrl c&lpye B(i’mh@ ?é:s‘gM@r%ﬁﬁon X3P §u|f§s‘ﬂ‘bfeh1@§t ce[ls can be used
o

%W’“ﬁﬂ %rﬁAé'g%fH%I OgP}‘ ‘%E E h‘ggj l%:/naiﬁ us e F{%%e

hpgirce @rﬁaxg%\éeﬂehrat%e gpPréeaé%PE'ﬁsn%ﬁP p Gprles ars; e hiima cell
lines HEK, WI-38, MRC-5 or H-239, the simian cell line Vero, the rodent cell line CHO,

BHK, the canine cell line MDCK or avian CEF or CEK cells.
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5out |l i ned above. The HA gene is reverse transcri bed,
and anplified by PCR The 1711 bp product is cl oned

in the Smal -di gested vector pUCLl8 (Anershan) and
sequenced (Veits et al., J. Gen, Virol. 84, -
vg%ﬂgygggg’ 2003; and GenBank Accession No. AfB803BE>#%
In a particularly advantageous reconbi nant M virus
VeC:AO;San%%ﬂ{; diiRBiels0bdtae FHomi@seREomEvABRDYNettiveachdiding to

ector .virus is

e ol o R e T e
RSI6S EXMPDNPRIAEL S {05 ST Pl NN BPing VR "
@oppsingat least 1078 ENp dertegpareferably, S-Na i danold prbryesierengs
f& fn%b%a{;g@ wﬁﬂ%\?;?t YECED:S ami}?ubn;?maém it ATeCdorR-4days.

flek S S 4 Bfdolii%an B RAvated f}ETefiBR BY BSlieting se

and -IQI /] eas %t her. .viruses,. suc S

et it T e SerrTe et 0 i, S6208 8 o by
fiterdriorthe sypesmiané Hrgusn 8l iterdtMhilies exi st to obtain and
scr gea vhaineaictading teitle inveniise sorprises thirossombinantM\érus
Nacl fogé‘thérqmthoc{ pHafth&etiical ¥ccBSha taraér.or Sueht dusiohaiyqisesd
Weel BTBRGUS S ubstr al o and ched cal mut agenasis A

i,S.

F ocORBIARRNG CROPITE e YT 20 oA §raParP AR MRIKGRETbHE o
dfe sdereinsien of in aryaphiizedferon CerersorrudeBbiizersiprseaaiivgsfnd
tﬁﬁé@pﬂ)i%r;fﬁnmdémaf%@?bbﬁ BN el palyols. pr ‘;e%sent i EM 5

co ot r.a¥p%ya’t Sorl 4R6F b R8T IEprodidcanemphding the
La o%a | tchner Bl, ND\ nd., Av4. -
S B s A ot
ibctivaied yceie Ate ifssaieit anddne gh levels demtentvaartibries AT ?‘1'}9
duetibo thabaacieondliced. to t he present invention is able

t g iTﬂfg WL ofndiPiiieR bi e virUFBY REvERaRMBsEe bopadutiombep is to
herefore . in : :
QTS S BEb UilseE TR PARR s Eon S Pl Y e iy
demisal ¥ @8V BERthi nant MV virus vector as defi ned
aboVfelesineda thieivaecing adoargng ity e Byention may gprfaig an adjuvant.
BARIHRS G siilabia Ichyipaumae phdtdnepositions with adjuvatit ety for thB0 A
X n\%(% Qfei %ﬁgﬁﬁﬁgl?ﬁrgg@e,gﬁ}%sbﬁﬁf@éﬁ-bﬁﬁb, Q@m-m?rr@'r W@@f—%ﬂ)ﬂ ?y
T ise0 BpdP §ranuB A HERa, (A SE BERITRIY alt3fiel O
vepetakle pi seghisyitamipifqeipte, S RR0BIE- bl e substrate is

i nocul ated with the reconbi nant W virus vector and
THeQRARHMEREoA I VactiR@astofdity tb gglinveaticadndybedydag bitstwell
l{q'cﬁvﬁ Sﬁx?cféig;?fo 5%5&%&%& HiS the RIYk RVIVirROvdERk &uitdble nSdes

arves eque ...t he harvested nat S
o Bkt T TR e A s Sp e B,
i MAvNBY Mectpvepeing sasarding to the gryeptipn &g seierahly @dmrysiaied &y
tAdinexpedsisel pReS Appibation exhmig@sicommohly uibed foeldBviishasimationhvor

N Va%cﬁgﬁ&rﬁﬁes%atgcrmﬁ]]ulﬁ Rdudddinking MRS St spraMeBdingion. As
a substrate host cells can be used from both

rokaryotic- and eukarl)l/ot i c_origin, dependi ng on t tE)e ¢
oGing @gqor%todt@q invgrdion gemp(ises argg%cgve&%ggé) e recombinan
NAé Kinsbeatbeas Be getivercomaerent éb- as, angyt of ipraunising MY wisus
rAdtrial trAcwil mﬁ T_]dnity irgrag véfgaéteg\gﬁgaﬁhﬁep;z b¥ 239,

i W81 GEanism. ImuME) i€ deficd€ h kh ctio ant
%@I{%%Fg?’g %f gr%peﬁgo% iﬁ gﬁpﬁpttl(ét%ﬁ om(r:n}%n%ror gilhae a%st ﬂ{onﬁjﬁd
clinical symptoms after vaccination compared to an unvaccinated group. In particular,
the vaccine according to the invention prevents a large proportion of vaccinated
humans or animals against the occurrence of clinical symptoms of the disease and
mottality.
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A particularly suitable substrate on which a

reconbi nant NDV vector according to the present

i nvention can be propagated are SPF enbryonated eggs.
Enbryonat ed eggs can be inoculated with, for, 5 0
%820%0 containing allantoic fluid conpri SI ng at Hhsziz
| east 1025 El D50 per egg. Preferably, 9- to 11-day

ol d M lRNREBS chticeadnitistuled tregldodeton 1@88d ot tE0ED
gllt% n%l;f :ﬁfégﬁ:ﬁg g@é’ét(ll‘@flli'llﬂ B@Fé?éjo]ﬁh a%gs&af'@ﬁg f-’rorﬂ 10*9.10"°

.1 190
s s ar ey oB Bt ARG AR g 10
Tq?lﬁlf% The fluid can be centrifuged thereafter for 10
m Nn. Thatin2h@ agsofitdlddesvesniyatioh vbeines gortbresinguip eddiidretinthe

lteB(BrﬁlHQE;ht Anvividid @éctc(r %@&nﬂﬁ@ to the invention, BR@cHRCGiaMapable of
N/ﬁi’c\ﬂgr%é}gi'ﬁﬂ}g%?'“ﬁ a?&’rf?.n{ %8%0q(;e\ﬁnpr i ses the reconbl nant

toge th a pharmaceutically
acceptable carrier or diluent customary used for such
conposi tions. The vaccine containing the live
vVirus ca rketed in the formof a
%@%&ﬁgﬁgﬂggFﬁ{ﬁpgiﬁﬁﬂgﬁgﬁg?ed form Carriers include
stabilizers, preservatives, and buffers. Diluents

i ncl ude water, aqueous buffer and polyols. 15In
fgatHer aspect of the present invention a vaccine is

rowded co S|n e reco t. MV Vvirus vector
PHHoH 4L b BT A B T o bl eol S nals
dra arkeddyegreniciengle foa fransoriptianaftart gndangrey rRstapgigror
tlrmahpﬁso@&top kejueatdsy Tha AN (iRiE bESD6 fvak eutgstititadatyi tomHS IERE
c?f%}\/ BEq IHRIE was inserted Iﬁlﬁse@héﬁﬂ?ﬁas beRabdd/dhadliaPhnd

ves t

oot SRR Ao RFE NP s i QLA G R R e
aHeNncR) wherpassregepPipTt OYHIEERMHRP 3Rl ‘“Rﬂ%‘%h‘ R Flefaggsite
seuedtesiasaltensd op silent mutation {stefsdi-Fed, t he vacci ne
according to the invention may contain an adjuvant.
Exanpl es . of suitabl e conmpounds and conpositions with

gd‘ ywant activity for this purpose are alum num

h o[r oxi de, -phosphate or -oxide, oil-in-water or
Nathern bio- amalys%ofamd;cmptsrprmw by)HDVfrmorréumﬁ@L €otal RNA of

OE 88I1Rlinfedthd wBHRDY&iorRa30OIN DY), NDGHS, MG B &24V) or a
NEQELAR aﬁn’#ﬁ%]é (H%ﬁ% arﬁ)sno\ﬁ' |ﬁi@5€b&1 ﬁisﬂﬁﬁ%‘&re@é@d after 8 hours

sa oni ns I 1on

@ 5 Tecien: VA HEE SFPHFRLY BEeBoER o T T R o
leérﬁbl@t!esv and bybmdizathwithe - l@ﬁaﬁ@ﬂﬁr@rﬁpﬁﬁ@ anfipensgeRRgs of NDV-
M (l&fl)SAIVEdS @iiddiiunt althveHNGdghg). S6qfy o thel rasrectiet Rivhwas

éuﬂj%lcfég% th@ﬂo@tﬂélﬁr@bndlzdtlﬂﬁ reXBES FrthePAIR fartNA tHEhidile blot

“E”Pf"ée P'f'\ \Vé ﬁ!tglwgﬁ I?age to ?Vé)}da ﬁ%gé;s?\[g A’l@%@p&%%&%&ﬁﬁ% ﬁQAtn?arker
graégisatesiiiv Blorhgses Bb‘PW ®8#8Ton t echni ques commnl y used
for NDV vacci nation. For NDV vaccination these

techni ques include drinking water and spray

N@ﬁgisnati on. 35 A vaccine according to the i nventi on
conprises an effective dosage of the reconbi nant

Westers blof @palysegof PW@"MWW% HHﬁf?ﬁ’@Htce”s OFQCOE’HF%%UHNDV
reforhiimants @iprpsivly the Ao Al bysiates of nfactasidells () dupwified

VIHERY B Y of NDV ¢1Bge 3@ NDVHE, D5 $r AGAHIND) wéraleltitar grubated
vﬂthvér{A’i{/esﬂBtlyEée G52 ééfﬂc é?ﬁ.gapans(mw ruasgaﬂ aaxeitsﬁordﬁfwm@v

t her | evel
PPl BTN o dareek Bits® YRR 26! Pini mal <
chgmilursinespeneedfier ywcatrﬁjlon@@h |Pﬁf%tﬁﬁs%9qm{9él??§ Ssﬁqr@ﬁfv
andbsdisrat beationostpearient ptateinnanerinvdicatedart thel leffrend the Ungleaved
particul ar, the vaccine according to the invention
prevents a | arge proportion of vaccinated humans or
ani mal s agai nst the occurrdface of clinical synptons
of the disease and nortality. Typically, the live
vacci ne can be adm nistered in a dose of 1020-108
tissue culture/enbryo infectious dose (TC El D50),
preferably in a dose ranging from 104-107 TC/ El D50.
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5The invention al so includes conbi nati on vacci nes
conprising, in addition to the reconbi nant W virus
vector according to the invention, a vaccine strain
| e_of inducing protection against a fur <
"}%‘g?@?@‘}é‘ﬁ?z 10 BRI EF DESCRI PTI ON OF THE FI GURES TH Ut g2
1 Construction of reconbi nant NDV expressing AV H5.

(HASNSRPrdtek 0y 160 (HR,, 19A.9BPAIY hafrRgdiadrieste ticategl @ythe
rﬁg{g#. %ﬂgl\ﬁn{egtred E&]%’b%fﬁbﬁ% %&mioﬁgﬁfiﬂél ﬁ%ingﬁgﬁ%ﬁo@@ f'gp@’lﬁﬁ\

1
transcription stop sequences.

FOM B 53538 e d by the H5 ORF of AlV and the HN

gene was inserted subsequently as described in

mat eri al and nethods (steps A-C). Reconbi nant NDVH5

Rigirep D) contains the authentic HA sequence, whereas

recombi nant NDVH5m carri HA in ich _th .

A S A Brados ununea o Eoshh. SR CL By Bt titeon
Hest)dfsriaihpies 20d Flineal indizenpl ahivkems ipInBiNized angas@s Cohpr two
tinfeBBE Wit NS VR HER ahy coND ardaais il rdtet shalldmgeatithRiA
RlogtRENESR/ lj-ltfﬁ\i' (%} 6Chigitly phthdhehleV 152009 S0 | MY inimbioVidee

C

NDVHSm. ar Al hi n/ltal.y/ 8/ :
st s dalbi 3 o o) PN oot s phd Meseilies A3y o)
i (. esevergy il @aar SeFatinicadnyer rsralcy Rl gV prgsents
tye rean valas of allrahizliensopan yraon ferdhb pelivgls, and hybri di zed
wi th 32P-1 abel ed gene-specific anti sense cRNAs of
NDV- F (left), AIV-H5 (mddle) and NDV-HN (right).
ﬁ%ﬁebig of the respective RNA was subjected to the

rthern hybridization, except for the AlIV lane in
Sdnalogital ékamibbtimns ol FeEIIBAYS@a jof chikars wWekrdexgstigatet oy ah
iRHIRESINPEE 1N M =Sdififid of 1500 Bhedfaiskh @/ R0 iRk K gibttadar &ra of

%Q%rgs% niiztEd g\}itla W@Z@%éé?@g&{&g&&&j t%)ngéag/ﬂ(;] Fd:ong[nﬁ'lu%ization
(P} o B it subsspT AY SEER R DI OF SRBRBT R/ s

restoecbis? deftadiiee HA of AIV. Lysates of infected cells
(A) or purified 35 virions (B) of NDV C one 30,

NDVH5, NDVHsm or AV (H5N2) were either incubated
with an Al'V subtype H5-specific antiserum (a-M,

upper panels) or with a NDVspecific antiserum (a-NDV.
| ower panels). Binding was visualized by

chem | um nescence after incubation wth

per oxi dase- conj ugat ed secondary anti bodi es. Locations
of marker proteins are indicated on the left and the
uncl eaved (HAO) and processed fornms (HAt HA2) of AV
hemaggl utinin are indicated on the right. In AV
infected cells or virions additional viral proteins
corresponding to NP/NA and Mare al so detectable. 5
Figure 4 HA specific antibodi es neasured by H test
(A, grey bars) or by IF test (A white bars).
Mortality rates and clinical indices of chickens

i mmuni zed once (B, C) or two tinmes (D) wi th NDVH5Sm
(H5m and control animals (C) after challenge with
the vel ogenic NDV Hens (B) or highly pathogenic H5N2
AlV (C, D). The aninals were
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10observed daily for a period of 10 days for clinica
signs and classified as healthy (0), ill (1),
severely ill (2), or dead (3). A clinical index was

al cul d which represents the nean val ue
“g%"roﬁﬁgﬁéﬁper group for this period. Figure gﬁcﬁﬂ’zoowosmw

15Ser ol ogi cal exam nations by NP-ELISA. Sera of
phiekerss were investigated by an indirect NP-ELISA at
a dilution of 1:500. The raised P/N-ratio were

| otted for sera of i,ckens 1 mruni zed W § ,
BB v oRTr e s i e Bl dtha el ey 1
(p.i.) anéeneiag medigad HyeReASRPRFIOL PN BIDRN-
(p.c.). The cut-off value of 2.0 is marked by a
NIk diddage viRQ (NVD) 3Q0E4sk X aRETER2QRE /(A2 A2Bagglutinin
( '%%E@'eﬁ%%%'c% dieucAy L géé efitls, NQMn?é@ﬁﬁlQ%ﬁ;th copy of
CO rsi non- m)al &be W t Ooe H5 ene an h
RGO s IBREeTn DY 857 B Cons PO A fe80 B desiign okthe oper
ridelingafcarhe enfiodivg diee KA of%e higbly)padiogeas §ilAAM §okie
Areridreamar/siss HMSNEAGMbahk aeggsion humber(A4B)5396) bk ipfegenic
r?%?r‘fl @l?tw@e ng@ﬁéwﬁﬁ RdioRYFY £MHetBgQBRNM-h&Famidab® 1¢) genes.

1
copy of the genone of the | entogenic NDV
strain Cone 30 was used for insertion of the ot?lep
Afier Hreredarraveaeonclhalieg ot NeVHAresPMpiRanyagipitar to tat of the
raednitd giewd GlogeHB) (18F VOIRsaiit andltbe presainasikad irel insdrigr $15a@ne
WadNRsirfea i HTKPARCES SdriycomeaiiginsébBon 306¢ freigh bene,

NAhERASR il 894,80 pBARLARE %l;i h@@ﬁ% dh'4fié P8 AP inft‘r'tihg .
SR S LR o0 o U
flankeid byrappepxinidely 87 0 nu@eqiideedrrived Fpm ke eaueRdingpepyenges of
HNC3 &R Mhdrefora itk $ikedifferesansdwesdn thi dDVSend édv AR Nferigin
rgg \A@%Faﬁl@tﬂtlf \&(f)iaﬁfﬁg e BRI d2eRs ~ BRb WAd i f7kb AIINARS fespectively (Fig.
0] LT Soch B Sl P e RADIIRY o (5o 2
migdlieHang ¥ onbi nant NDV and AlV (H5N2) is identical),
;her c%%' rg&ﬁlﬁ‘ﬂl b‘} hbﬂi (gol\el?}e(!gée@, r%&%t RPVHSm produced only
REBa61a0 aire oL ol e By o2 ool B Sl et e
shpt frenssripiein BEMibdarminriene\iRE HAriRaxeae HHRIGRS Mast ikelyao
rgereseragodetherHA,wegibn.t he expected size of - 2kb and
1. 7kb nRNAs tivel Fig. 2, md Ho
secom A PR TR oBreBE N W b PR e o
HAF(HAGRthariNYHS, FlikeegtB)HA transednieial AdY indgcteghealipsiere Htvand
e0R i} Sre Sharl tREIQITINDVRSM Mk BVHS reshsctaiyo bijjketthe HS cleavage
ﬁﬁg %g%e)?lge ?o Iﬁ?\(lﬁ% vﬁ#tght H'e@tﬂetéﬁB%EJj Rithik 5'|:1ﬁ$$a%1e?,_r’fhéi1 NbeH5
seiurase by Rpa Eringd o Hp RSN kbR Ehkdey (rabic
14 Hedrrigizaiiahris SR § F(ﬁqlle\{ H‘@quwonlﬁg'@qdoq?_rrect transcripfan gf the
flaaking NDYfgenhs, asticiré waanb eize dXfiekgaBertqr aolidbdnRNS of e d
diRdre NDY Gioh& 8@ tFy. A\ FurnAimdrd nlyNdight redudtibn Inengtrénsdiption
rd . ) o
LR 8 e e S S A MhGer o 2

r|95§pect ively. Unlike the H5 cl eavage 30 site sequence
of NDVH5, which has been altered within 5 passages,

the NDVH5 sequence in this region remained stable
Tomoafighthetspedifc dpsissitn DOAWAES by te NDiatsicembinants, infected CEF
dabwbdi suBfete8 tovntifedNPVieht. Riadbdtdh pit BeD\C epycific mtiserum
EUFR pbhAMRES hRSrEQRn8S intcBfs infected with NDV Clone 30, NDVH5

and NDVHS5m but not in cells infected with AIV-H5N2. An AlV subtype H5-specific
antiserum on the other hand showed specific expression of H5 in cells infected with
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fl anki ng NDV genes, as there was no size difference
to F and HN nRNA of the parent NDV Clone 30 (Fig. 2).
Furthernore, only a slight reduction in the

tion 35 rate of the HN gene was obs
‘%‘S?ﬂg%&{“?ﬁof the insertion of the HA ORF (Fig Fé]‘gﬁpzoﬁ‘ﬁoamm

right). To confirmthe specific expression of AlV H5
Ay, ibeHbBV Nevesh, Raatkss célB firfedt@iiwitEhe paldnsNDR mere

rﬁe%gil\%ckﬂg) bR tHer]ﬁiﬂeﬁ&?tof HE e&&%%/s(é%rl ?Mb%fbtggd Y:\éllts,r% a
FRE L P oo st el B A5 i o e

WP/ FEsorBmanNDwWas feurdtlo ke femaikadg. | s i nfected with

AlV- '_Fislﬁ\gr :alﬁgnt/'v\nt\f{ i boﬁ'%pffoﬂsmérB%\;H Gr %YH%ENWQ&&nFsW@ere

ot her I 'C ex? NE)??S r]_E] E
Ipatied opidhe R INA-98lg 9 'ﬁ?*‘%?&“@ﬁss i Fig. 2
(imirfoeg t iedicating that MY praﬁlecrw amwxm@y Aréqid mictactranaphitidensh
pré&@iniablyesashich ridre Photeitpnessiingly, bip sAbMssiah Be NBYHEe iffected
defis fsdrﬁér@kélfﬁé etﬁ‘t @igﬁ’fn éengmfetc%tmﬂ’lmeilg‘ whlch could be

e e T
agreenent with this, only 3-fold nore NDVH or NDVH5
RNA anmounts were Ioaded onto the RNA-gels to obtain
corrpar abI e hybridization signals, shown in Fig. 2

' d th t AV
APEAE) . TSR B o R o BB NER s
RERLR éﬂudléﬁh%%@ o %EMrpoﬂdﬁo@%fﬁéi@@ﬁ'ﬁ&ﬁelhy inbd &BMeiope of

dnﬁ{lﬁ&? 9@13%? %ﬁ%@%&g 85%,1 rﬁth%fe{bé&kg%% 8[5({3: cBr SJtll)ﬁ‘
SIS TR TR Bt Pigh. 1 ogdt H‘a"%\f« &52 8555 Since the
effiiciemsy pi gych passiveringonecration r@ﬁinlmepemaﬁpltf@ expregpien jkvel of
thﬁprﬁtemsewa de®riined® wvpeth &t tnel HAniratein lkepresseal 91k afcoiNbMant

RIS Elopdly Qa0uiPart i fiorsdignathis ﬁ@tenbé\s;%m[aﬁl on

fe?omgf@gfsg@zﬁ” éf’i{b%%'?' e “fe FRESIRRSE g RHPL BB -
sppetq @Wt@emﬁ‘bféﬂ"%da‘f'fe@ﬁr%tﬁ'ﬁﬁa @p(wr@@tﬁ'yz Hn%Pra"d@5 ka
padsumabl9&predentiod théi unoleepd, HAwGInd tivd glegyed 58 2n6 glagprotems
(Figns®). THE dehbhiia@RaNat @ I9A ekprp@Ra by ehd REGTINAAAS isON

B THATAA B%P&@ag.c%ﬂﬁ SO Aoﬂ?otleﬁvp%du@fad IR is infected

BN R et el o tPﬂ@@é’ﬁ@g@" %e@'ﬁﬁ rotein in

NI\EHviatecisd delld i balehcdditieris %eq?tﬁ‘ﬂ dotreretisifnesp ected n
NIBX/CRAE 80 arifdxitarhewlls, vifeirgps aB)corréspoading SiA pncbtemtseelt:ldixywere
defichhdlif ARTRENS Hrsoied dafis. Ns\{he.sﬂbédéﬁiﬁc EgummCi'b kbfa alnst the

Gl G ARIPSTh P SE eao% epoo Ej BRS HFLNRJ‘& M were
Ao é%?\ﬁ‘é’d Mﬁ“%&edt‘ﬁlés @I‘% §Q/ '"9 n P'cﬂ”é‘fyﬁ%s of
pUFfey, virgls indidaies! tHatriben BAmaeteis V\tah a'tCOIHQea‘EMBeféS«@Ttbsrﬁ@ theby
efnh@oﬁeﬁ@f%m lﬁadﬂﬁlﬁn;hrﬁs 658, 8831 Athsudho mpredlBOHY Virat protein was
é’tggﬁj Ber (%Ttaénalvés RhOL&bItRF Hﬂé' SRk mc&%l) ated mto

rka s than

J?5° KoM i i i KR s 1B o
d@mongtrat%s thakhpYHY peodyges anddncerpeerieeiucihlgss idag profgin.y
peasuthreiblyelud éd the tagdilabiityND\¢s€lporiean 839 airedul of the poarhatere
888 aftht ceald@smendi ng HA protein species were
detected in AlIV-HS5N2 infected cells. As the A
speci fic serumwas rai sed agai nst the whol e virus,
ot her protein species presunably corresponding to
NP/ NA and M were 30al so detected in AV infected
cells (Fig. 3). Interestingly, Wstern blot anal yses
of purified virions indicated that the HA protein was
i ncorporated efficiently into the envel ope of both
reconbi nants (Fig. 3B). Al tlhough, nore NDVH5 viral
protein was subjected to Western bl ot analysis, the
anmount of HA2 protein incorporated i nto NDVH5 was
still considerably |ower than the HA2 i n NDVH5m
virions. This 35 denonstrates that NDVH5 produces and
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Exanpl e 3: Reconbi nant NDV carrying AlV HA protein is
safe in chickens. One of the sensitive ways of
nmeasuri ng the degree of virul ence of a given NDV

s by assessing the pathogenicity of
%‘??"“?5‘?6*? 1-day-ol d chickens after 5intracer e%ﬂﬁpoowo:mw
i nocul ation (CEC (1992) Oficial Journal of the
Eur opean Conmunity L 260, 1-20.). The nost virul ent

viruses will give indices that approach the maxi num
E}@mrée 8f  Regombinam dBY ¢asiing e HA rseteigiingafevn ghidkerse

C;{ (l)jﬁr? Cl ?% \tlr\{gfl)ysv?f?lbqagh lrhg;etaé P%rge? Bmg'eH%%]gﬁ apgn(rgn fob\y

enc

ipqhate mr%?%'ngﬁa% Refgeaaniay §f the dirysder {-foypls chiskenrpiieis
igireg e NDMHBwCvietios (GECHN 982 &dficiab Seveal ghthe Hufopean Community L
260X P0 ¢ SHeAibsOlintint Ok usas Wtdivevindioss tahttppabidie maximum
¥blats gré}cﬁlherggselen@%m%’ Qirédﬁsgw’ﬂ%rvg vQIuQs 1884 1o@f 0. iR hdTUM
r%OSSII {u f/ﬁ tv ‘te e(g(ie ﬁnN?I acerebral

SREASTIFALI g '3 ARTRE P SR Y PEAGeR _
rathooenigh indicast({CRIwRT HPYHEaRY NRVEISADYeTR delegeiapt {p evaluate if
esxbfegsion SIDNS ofi o WP ANdres afas NDMWiralense The 1GR viales wefe @0, out

- Jr 8 RERH Boéﬂ@\}é YRFE bNEfoP bétA rdtoBhmah@, dEndietraiglng f or

e%gll%gﬁ%ﬁ 811 tﬁ? AN@S le éc}réﬁgﬁ%ﬁé {\rﬁn H’Rre éﬁi r%r‘cg?}gée%bﬁ -affect NDV
Y H'&ﬂ%ecfgr CRERE ey § hete 'Rﬁvg%m% Vakdio ?t@'{b*éaé tobe
bB@@\dbé@r@fpoaSEhlB@wewrl@wﬁfé%u@n of H5 protein by
NDVH5Sm only this reconmbi nant 20 was tested in the

ani mal experinents. Reconbi nant NDVH5 was t hus

adm nistered to 25 three-week-old chickens at a dose
of 106E1D50 per ani mal by ocul onasal route. During
Exampdbhder Ratonoringrd NDYdexpedsking ke AlMiHfabreteirepraienis ghickens
heal t hy vvagahmwmda@w%é&ng@ctl ons or any clinical
signs of disease. As determ ned the H test, AV
Besausgsd @ihigher exnressisg o §15psptain iy P@%(/H?@% obly Al Eecambaant
wiat teste B MhoinitbieexpermendRdécombipastdDVI2ZbwaHthO &6l mimisthagd

t@ QS ﬁfrée?«fveé’l@@l@ lchkd iRt & oSk of4F EIDN bR Aahima® by 86186Hasafroute.
t%&ggﬁc{hsﬁerd‘! A35e aMﬁ‘A@Y&ﬁam&%@aﬁhﬁaﬂtﬁrﬁﬂ gr@&/ b fkrse
ser t |m1un|s I,on Us p P E
reqcdipn, ¢ty ol Sigps peda ias riermipes Bche v lest AL
Saegilwtiéodﬁ@%‘defﬁaﬁﬁ’rtdﬁtec’@b@lﬂb@%ﬂ48]321&1%1@ theorees At '@@reased
@ B2 RBINSiay L0 @atheadccinaiion (BigP4pAn adrterunsbdiel invhutiyrgainst Al
v IRl ever, WeleBtod 05 68, 86L& of pd%f sfHokSimnt iR HorPsin rhﬁJ:lirect

a agai nst NDV and Al respectively.
HQEQGQ‘L tqg‘iH y, 100% of the vaccinated ani mals vvere

pr ot %H@ténaﬂaItmﬁmie@weaéﬁe&ﬁif@@eﬁ)gec:vahm’atﬁha@b@m@ 5 and 10

g@ﬁrﬁg&f rﬁ#nlalsctg éth w&%{@?&gf’ t% }34& rcf‘l aqﬁﬁéﬁ

SHRIPHBY a'ﬁ ﬁrssa(\f) frj@t Ral Fﬁ'eé\qaﬁagﬂsﬁ%@ﬁ d@d‘ds%%f’ "s‘@(ﬁ&y Hot
ugpxnegiedlyl H0Roat thenvaerinatey atfimalk wate Riptepted aggipstagtpaly
veahenioNDYQHEtenld, Biisent diashirolahimaimdiedivihio# (hh@exhlbltmg

t%ﬂ'@ﬁhé SR [ FE ey r"l@ﬂéﬂug%g)' BHtYRENTE b\W F@Nb%hal@ﬂ§@mfé‘ctlon

caL %éj s:ég%% rer%em quﬁllz-ﬁmupltzﬁc?& %{‘%‘13 ih gﬂﬁrt%; ? &P 00 %. In
cartrashiall @gimaby of the N Vﬁé@amm%??/ ggoyﬁﬁv'awg I tedsibaios 86 of
hiciey naémlempﬁg\/ cIavan oull of ganorhéckerts eMaBedasmpletyi fg'iaﬁlnxe

- vheffstege beinfalkex@lbitad Gatl nfie esspiratbryZymbtdng. HoWever, the

%é?.l P%llm&ﬁ Qe Q}Fb 85 W%91 E{{g aFEoncS tﬂ m%falfspcgﬁe d?fZ 6%

RS otirol Gttt (5, 40D e W B e (Lo Rl B RuOT

pmﬁ’ﬁilﬁg shickass a@ﬁmata‘y o refpaiging feRehickenst regrived fh%PEﬁH
iramdniedtiohlcange d 2 tafter the Gkssvaccination and challenged two weeks
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thereafter. Al animals were conpletely protected

agai nst clinical disease after a |l ethal dose of the

honol ogous HPAI virus, whereas all control aninmals
ed severe disease and died within 4

devel o
W%%“ﬁ?’fq%ﬁa in a clinical score of 2.66 (Fig. _P28°7"’52429
Exanpl e 5: NDV-Al Vacci ne reduces AlV sheddi ng: For

tAdtediter VACHINAs erdxRniputae poldttad dobmsMaitichiniseabouiat abe
Igtf\%l%%gé 4fint PoRiBYRAHAN] L %eégggmbmobﬁ%ggae%&g

us reventln
RUTEARERS TR 4 Oy UPRIEadh ddi S L #8a/Fg 4R
cl oaca! swabs were subjected 10to quantitative rea
time RT-PCR at different tinmes post challenge. Viral
RNA was detected in aII non-i mmuni zed but chal | enged

chi ckens of both con EPE on day 2 post

%mﬂi%ﬁd@ "ﬁh\éa(icfﬂeég P@ngr 4908y ) val ues of swabs
fl ?v&gﬂ% gcpl!ne %Hcé%%%ﬂ Sth@ladche shbtﬁi& be @ﬁ&tl§@ mEveMing

S e o e el b S e Rindits %aséﬁfﬁb

otaew@m@fthecwawr@ REHIUS REeddiG, HEshopkat oRsgdahgbpuere st Rcice

tp qudrditatieel raahtirhé R3-RER afpdiffdrent diowes pestchallepge: Fiial R4 was

dieicastiedl héh-fpsiniAl tubenadllengeaicherena ol bath softdd gups of day
2%%@?&%3@9 Wsﬁolg %’Eg&}h%ﬁ% EhSorthd &M dritéens of

ear s r in
et RO GORIER 18R HEWSPB S Br R | ghd 455
resrechivelt | Sirrec gpatrad ﬁalmaés digewithiin &éarwf@h?'@ag%tr@ further test
datid dleaetfetheampribis lgrougsin cBhtnase, rioh&NAegandsiterdat in NI of the
MRRALZBE AR (BOBHIBO skl HA gene, an ELI SA based on
he hi ghly 1 mmunogeni c nucleoproteln gene was
enployed to anal yze the sera collected from
vacci nated aninmals before and at different tines
after challenge. Wereas anti bodi es 25agai nst AV NP
BABHRHIGESERELISA R8éds Qfcullihg AW: Ml s before chal | enge
I nfection, NP seroconver3|on coul d be detected in 90%
@rmcbflrﬂi)@deatésttfémfs ohioolrensconatgayf Foulinds e piplabilityhipt

vah@hatBA@6uid ERgMeBikiviked ¥ ditiigie Ubfietedibil SmdeiBiRG! Satete
%@b.ﬁh‘?ﬁﬂ&@@éﬁéﬂ?ﬁt&éﬁafﬁ@ﬁk HRAGRE! ELQ‘SA%EéId on the highly

| oNn QO accl nat nmals fro
'rawggoge&a&”%fegem%eabsﬁrr\etvmse%“@%vﬁﬂé? Ty g R , BhieEle from
vereivalecanimgls\pefor anthehtifferent §maa ekl chrllcage. VireressaRiipedies
againbbAlg N Raveraatsdvit trhexdls of avanixalsrpéfes chalngWinfersies, Nihd

defdchsversigPcolitfod &I&TRE MDY, AWM 00gs&ithOdhidkBRs ¥Ra& Nend 21

E{oﬁf\ﬁ ché)enlgg rggpecgvék?a: gf/u%ﬁ ghg&%ﬁ{on espﬁlgtvthg N@FJ ‘phsed
test Einablgs ngt orglty ngliegpﬂt@p pgyaccﬂi}ate anlﬁﬂﬁj mi Becteééwes
bdt aled facBBitds detecliar) of PYSToRYHY V)FUS dhend \rﬂCPIU@tﬁQ &airds-r us
i solate A/chicken/ltaly/ 8198 (H5N2) was kindly
provi ded by |I. Capua. The vel ogenic NDV strain Herts
33/56 and the NDV Clone 30 vaccine (Nobilis(r)) were
obtained from Intervet Int. BV, Boxneer, The

. Banipde Vavialerial aheé Meihods & Exemplepiidpagat ed in specific

pat hogen free (SPF) 10-day-old enbryonated chicken

\ﬁggéga£§§%;715 cells stably expressing phage T7 RNA

er Ontﬂ'?@b§18?%a§ﬁér %rf theygccub%ﬁl: nk% CIQ/S@ % fbasr%gb Eg&rpibed
pradeslr(RomeeeberdiderNbvMupdinE e Mﬁb\atS@PrT n%&'%? elRi ¢ k’eﬁ‘
Mettznipoted The.qbasa)s). GeRFYirol @0 (Riry), CAS TR )ehing ipduenza virus
41418 RYch(ckE a0k $HMN2) R Kind s 6Videdas! 1| Saf@VBhR)elvehi

ngr {IEHQ’ £9hs 9 ReNRF Blofle S RAGHR! (RBbif®w¥ie’ dbfained from
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Construction of reconbinant viruses expressing the
AlV H5 gene: 10The plasm d pfl NDV-1, expressing the
full-1length anti genom ¢ RNA of C one 30

Ronmer - Cherdorfer, A, Mundt, E., Mebatsion,

AHO¥E2 U 3. & Mettenleiter, T. C (1999)1’“}_@?&%"#_’052429
Virol. 80 ( Pt 11), 2987-2995) was used to introduce

Bﬁ/eﬁhtv BYOBSERRY, 'ﬁier Wéther@n&ptﬂhé Bl whereagtaBatatddh specific

§85 f %Pa FEHRRIE AR aige ﬁ'ﬁm UGIR
Ainaged i e oK Stably
eAPrIeP*f‘"Qstia& ;g P?lg'ﬂe"f?}‘? (ﬁ%‘aﬁ%gﬁ %%leﬁH'a"” K.
Ko 1998} & VBl 78,5251 -258 warsaged kit reaemst @faqqg@dﬁ%\gtr@@ cDBA,

F@E@ (EPncE}@] embr@fbrdiB2ts (OEF), plirg@gtchigken embryo kidney (CEK)
\ﬁh&g&é g4d %%t W@Q%&B%ve%g&nte&ﬁ@eln%xb@sagﬂ and

open readl g frane , wWhi ch has been
Vﬁ'rﬁ)fel ‘faganf rom pl asmi d pCD- HAS ( Lf| schow, D.,
Werner, 0., Mettenleiter, T. C & Fuchs, W (2001)
Odaeinidtion m&ecmnﬂﬂﬁﬁs\asbmwm&é\_\aﬂim cont ai ni ng

T%Btplafshﬁi FHINDNC 0| expreséh tHe fdleagth lahfidanemicsRI & sf CIBIDHE:
55 JHAARRRRE AWSR, T B0ch2 6 3. MketdnieRROT
i B Yokt QRO 267 285D s aspt I piEospg I A AP
gene. First, SFQUERIVKIdrag)ent (144985 edB R bofddderst 30 ganemen@sigigned
iKdRGUCH 8 plaeing (atap &f Fryt 10 Ng@&tdr@nedl\Ndﬁdh aNd:AfIII sited waké fhien
n(tnsotdﬁl?e )ste 5] birh 812 MF‘S"?W -Sthacagi @cé@cﬁ
@Dan @ gPt %tra F {ga &Rﬁggt% 5gﬂtgg£\§)%tatg%f Zg d‘HD
gﬂt!v&ﬁ»t@@ﬁ ae;etﬁitr@aff A Gtragyuehag Peer ampiiied fiof.
plmamcspcmmswmsc(r@w D., Werner, O., Mettenleiter, T. C. & Fuchs, W. (2001)
\%@a@a@qtzagagw%@%ﬁa&ﬁmm@@a@wﬁrg@bmﬁmml ordAfll SEQ

?g n s@se(ﬁg?lgé sar, cﬁé Qﬁ'@ ﬁsa'h@p
A R afa %@5@3& S‘f"% IS SsEQRNo
4).vag@sed jo $L@ﬁtlttjtﬁéh feolgflons ShattRy dtgﬁgquwtgéﬁl@l and flll

(gteh €. i bedifidm, ﬁﬁFSQﬂIa&'@ dnaBl-Fites wdse mireducad & BO $degemic e

' régﬁér?ﬂb.ldnn&tﬁé@aw sfgplcgmstngrpﬁhﬁadrupm sequence of NOV

Ry %.a 2l ' RO SRIha NP F2
caaa 2|
i RS s,
sHeginking thendN Igend fsBi Dy wdre agmesated osing PIREIVMP 2R MP5

5U§§ddabéﬂtﬁﬁgmlﬂgmdaaﬁgddcggﬁﬁﬂggg)bt 8EndD NO:a)fs treps

pEr é)%ge 6t &iGhi 'i—fN detlel aﬂe?ﬂgtl-hf) SRE| é?élf—‘@ NN Py 50 e VERYEIM

5811 gtrel(s\j/_e%f réog)tegp éeégmjnah%n ge%lencebc%flﬂﬁlb\;\ﬁgs %Eaﬂgd by
sflerd agigfiop wpipg PIMAGMPREF2 r ul e of six". Al nutagenesis

(eagtatginstcdenymnpbearahgaagagrgaciatioeoars B GEQHD Nt as
skbanpestdd F SLright eindliy SeiNl/BEIW REaRest 5f pINDV-1 was
sﬁa?étmé@sfg%l A@%@%@%b@ﬂom@eﬁw ?E%}’Ee%fﬂen e

s NN T h e LoD e WL iy
(1H&6NRcleptidgals Hivisia ey $is thﬁéﬁ‘béf f‘ﬂ'f*'l!ﬂ%tf‘%dt"éd)f PiNt 6" BSR- T7
ra8hdesiesis raxgtidrisplebaited Merew@B@0nd Lsing the Gydnghaigeting. site
dDhed hReferd N iNSraR@ohdate of  1:1,5. Virus
propagatiron and confi rrratl on of the recover of

i nfectious virus were essentially carried out as
TarnelaaifeandViIRg IRAQYERY: ( Roner - Cbercl arfer, 1999, supra;
Tlérrg@jvet—lepuebmant INDV weressing tige H5 PEAK the fulllengdh clones together
Wb pRdsE i exprossind/Bet 16 ekl proﬂéms@ver&transfec’ted into BSR-T7

c%&g@@{f% rﬁﬁé rztr)]c?%p&@%b% A-the/DRRIL oi‘&%dﬂﬂﬁézddé&ate of

ot ana yses: Kcells were
infected with NDV Cl one 30, NDVH5, NDVHom or Al V- H5N2
at a multiplicity of infectkon (M)1) of 10 per cell
and i ncubated for 8 h at 37C. Total RNA of infected
and uninfected cells was prepared (Chontzynski, P. &
Sacchi, N. (1987)
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10Anal ytical Biochem stry 162, 156-159), separated in
denaturi ng agarose gels and hybridized with
radi ol abel ed cRNAs as descri bed el sewhere (Fuchs, W

V@}%%%(Qm eiter, T. C. (1996) J. Gen. Virol. IYC?T/EIEPPBWO:MB

1822229) Pl asm ds contai ning the open Tea
frames of AI'V-H5N2 hemaggl utinin, NDV Clone 30 F and

‘HNSV\ﬁﬁ@, plrlrﬁﬁa datfdarand Roifirfnator! dfans @tbwel bbiRfedlious virus were

Eid Q@d&éﬁ%d—r&e{y b ﬁ'\rd @B@r&rél‘f&r;'l kep e,
Sei TR R B

Wmﬁﬁ-@?@d%{ﬁ@d A, f?él%hi ok Meﬂ@QS A0 93??@ Lysates of

infected cells or virions purified by continuous
NSRS otdhagiant (30-60% were separated by SDS- PAGE
(?él]g geﬁ gtvxr@?enﬁeé{sﬁ %vqtfltl\fb\/nb oE%g’gl rlllﬁl\@@ ?\I[g\}HE-tn‘? BISAIV—H5|\{2 A%
rltinicly g énfecion AP oh e cahan @Plehﬁt 3 Bt K5 NA
qf drtfeatd coamall ungriidatdcereliawas Bwawddgmm@mnm V. &fsachl@ N (1987)
Aridbtivd) @iddherhs ity €62/ @b6-HBY), sdPdrat@pmneraturind JgardSen@isnod
3&. ﬁ?dthqa .sgeéuwszmﬁgia§ &%h@édammeié GusiRcndary

n%&?%%ﬁ % i?’g{’ n2a y%,’@gg Pllgsmlds containing

- Uy epan reading Baraes of WY th@n@sel . NV Glenk 3P §@ngliHNywere

skl preiirf vilrartrAMRgriptioe of B Adbelotig RN (SB6PET Tramsstistion Kithidoche).
safety of the NDV reconbinants was assessed by

? MdALRgydhe i In:]lr atr:]erEbr al pat hggenl city index
&K%%?%i%“@oeeﬂ' ; g%é%yééﬁ ety i Ml CpTe 4 »@Wﬁﬁzf%@@

AL 9152 aopfincebated Jan 3P haat SBTC tieates pfdpecied clipeuyifiens purified
Hy26Rtinubu Sucrose\@adiern &30-60% pxge sepaaibs bySDS-RAGE apd
teilﬁ%femfd %dr%cSHeFF&l&fe' Mers¥PRinEIERR & ooden NEAYHRR). Bl RERSHublted

i ﬂﬂ %oi\(clgpg{rgglﬂ arﬁlsergpg}e{g‘;i\mst IQB{/hég%H:?o Eﬂ?lq:\{lﬂ:k&%rﬁlsgm%

o A B Sobbr ¢ e e kb beﬁﬁemﬁ?pﬁr%é'dase
cadidpsted Rpdciesepecitt secnpdary ahiidodien (éidn®8) wig detadeBby
dﬁbmﬂﬁﬁeéﬂa}«{céﬂdﬁﬁj Supgesitisal YBdsbBich Chemmsiaedcant Subsiriteee

, 10 of the
vacc Rggﬁéytﬂ@‘éghﬁ%ﬁ-ﬁ@ﬁﬁ%ﬁe addi ti onal control

ani mal s were chal | enged ocul onasally with 1071 EI D50
AAimbiReodiretitsy pat hogeni c Al VHSN2. The remaining ten

'Ign]g *%%{1 Sf th:%e IGIS{/\(eec%m%m%ﬁ&%él ésgg%% B?Eé@ﬂgﬁfng tﬁge ﬁt}gcerebral

RPN ooy LS PR oS SESSREi BRa
Eoerero ICoamiunity Sounad Dikeelve (tGRG EI2P2)ficiglflpemal of the

Huldpeah Takrintuitty 2260,ch20.). engeinatidreadpbiments able daimedisout by
‘Hﬁ{rﬁst&*ggiﬁo"%ﬁ) St I'hl}fVlf-l% o@uteﬁééa%ﬁlg%‘;zsltﬂre%ve%k‘;ogg SPE.
Ao g b O A L
veeginadien diyed hawapwwpgetbﬁ@um fh@d%tg@n?'éantfol%Wﬁier@a"enged
WRh-TREREODy, didyRV 2traid HeBs 86 itraafus@daribhtateleoreghs pEItA
vhETR IR AR SEN 96 8 the L addirR@ssabg M@ th Wi Hatifipad] €6ntrol
Ebﬁaﬁiwe ch{lge%gﬁzét&lﬁ&%%t 'hnﬂft E&N%%&Hglﬁ?@h@émc AlV-
or nman

s i jemaRgHD toh S B APSeRNT AP YLD Sif wepks artr
thashiérb1 vangjeationfagd mesmsubjasted tafe sinsilsy Al Wayefm?stogeé%ﬁr Wit e
RdHifGERcomichatmbBIeo wasksthileaftércaltdrimmofizatives bhdyeretienge
iBSioHS el birdS\ere Ud8e RIS K bAEbdfdB ofNEldays for clinical signs.
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10i nhibition factors during the RT-PCR were checked
by a heterol ogous internal control system (19). The
dupl ex assay was perforned on the MX3000p

| % %Fne) cycl er using the one step RT- PC}&M]!;NOW:,MZQ

iptTM 111 One-Step RT-PCR system wi
Pl atl nurr(r) Tag DNA Pol ynerase (Invitrogen)). The
tenperature profile was 30 mn 50C, 2 mn 94C,
foll owed by 42 cycles of 30 sec at 94C, 30 sec at 57C
and 30 15sec at 68C. H and NP-ELISA: To determ ne
\}.he DI esence of NDV and Al EE antl bodi es, bl ood
d RSP AANEVE & S0 d21da
@emaémg@a! P cﬁ@ﬁag%wae% RS qoa@ﬁt?chw. %?ky?%ﬁ'\/(%tlﬁsid%%ge@'~
tie RIESCR dyedhys B, 4, Iﬁearﬁurcloqcﬁeama@emgm RN#yfraGpempfidryngeal or

cBa&&%WaB@w(as Glebafed 2RIr b Tlelsi-AltodaunENy 108 Nubleo Spin kit

(a rer il Uhe |r£%NAFI§QQ(a%}3 Forthé bi&balon of
ERPE R KR iy Jgﬁﬁﬁoﬁz& t R Ford g%

A\ shodegne et galiphgs SMisnes R K B R
regithest basasan iamatiicghon efiiee Meae was asedidB)-iThp BNASTagien and
nﬁf(ﬁmtldrrfdd:tbl&aiunngrmermf PORvese etmpiked by) héigroioyoubimtermay control

steMQ 18 T H%)@Jssgyﬁa§6érﬁm¥\’b& Bn MNe\WX300g ( SithtaeRE uycler
?g‘nwtggrg(f one |8 %ﬁ?llﬂgﬁ kl%apgrggdp?ﬁqﬁ @ng #'fegg E‘P d@@sry@tem with

RlaHRumes b%m Py apse (eviresey). SH BB grofie was 30 min
5001, Znjpradt @) fnlloqwdREly 48 Ay cles-of 3O $ecat P4iiCo 38 eec at Bl and 3@
seeepgcnant bacul ovi rus-derived -

gl ut hati one- St ransf erase- NP fusi on protein,

enconpassi ng the conpl ete coding region of the AlV NP
Hlene NPuEISSAsed as antigen. Sera diluted 1: 300 in PBS

ﬁ%&émmertee %:@%Mm 2HA20VME BRLHANE bR dsvere

I I
i, ANt ol R M s oo
t%@@égwb%mdh% gp@a{eaq % BIHI nﬁ irective C 89 fflClaI
Jouphkeofyheeerdpean Cranawilty Adr biZDoREWaE9REatidiakblpugial gfighe
HudpeaORfPhuitds LOGMs1-n6ad, 2oy Fof adsBdéingethé presence of AIV-H5

P ORdsSH .nﬁn tibh 8k §&fa %Fheaddlitrem%n%@a FR MaBect

SO B o oo i L BR A b
Gfédn éntibagiesi agaiapt ARy c*a@t?rptﬁe"b("ﬁ“‘)rf uk 'n@spmﬁt@wwrswvct
engyhatiked Ahwhnadogrent astays dA 534 basduoorsibe nedkeapraéin (NP-
BME DhFbrshiB patdosd etburifledRBBABIK attHAEH | 0\AEEQE6VAYIUITDRE-S-

tféé r%vé?s??l uSiBE BﬁJte?rg fn&?rh{a%g;é thee%ghn%! @E%%QC%)@ fedion %f‘ the ANV

NP iy e 3P aTORD el SRTEIRInoRd Uy TR
2gavess invegtigatrd dn durdinite BindingesesotangPQBeaiHgxed 99%1%
chizkerFgl (pleDE(ROTHIGIND) tantihodipsveasatetkcteithyenmiour seaction using
piReeBheddhift aﬁ@ﬁbgrﬁ%\ﬁm SédsBred@@ionn@fl the H7 10HA
gene. The original sequence in nucleotides 1195-1206:
ata gaa aaa act, encoding the am no acids | EKT, was
nmut at ed i nto: ata gag aag act, stil encoding | EKT
This resulted in a stable and i nproved expression and
presentation of the nodified 15 H7 sequence via the
NDV vector, conpared to expression of an un-nodified
H7 gene. 20
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Example 8: Construction of NDV vectors comprising a modified H7 gene:

In expériments essentially similar to those described above, an NDV vector construct
was made carrying a modified H7 gene. The insert was derived from the HP H7N1
AlV isolate: A/chicken/ltaly/445/99, the sequence of which is published in GenBank
under accession number AJ 580353; see also: Veits, J. et al. 2003 (J. of Gen. Virol.,
vol. 84, p. 3343). The H7 gene was inserted into the NDV vector in between the F
and HN genes, and was flanked by non-coding sequences from the HN gene.

A potential gene end sequence is preseht after the cleavage site region of the H7
HA gene. The original sequence in nucleotides 1195-1206: ata gaa aaa act,
encoding the amino acids IEKT, was mutated into: ata gag aag act, stil encoding
|EKT.

" This resulted in a stable and improved expression and presentation of the modified

H7 sequence via the NDV vector, compared to expression of an un-modified H7
gene.
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6. 7. 35 8. 40 9. A nethod to produce a

reconbi nant Newcast| e di sease virus vector harboring

an additional transcription unit conprising a foreign
gene operatively linked wth an upstream Newcast| e

di sease virus gene start (GS) sequence and a

dowagitiseam Newcast | e di sease virus gene end (CGE)
sequence, characterized in that the foreign gene
sequence encodes a protein which protein contains a

stlr et Bther taprodiuessa recpinbipans Aswsastiei dirsasr vidis, vestal lehrboring an
st r eddditionalvahsdriptigh @it cBhPrisihg @ fdréibQ Yot SHepitivbly BhKR with an

( Ly Sdpstr&sth Aid6ea %%IS%%QJ 8 Eglge &Emk@@sée ela}ﬂa .arb%bvnstream

eﬁ%n t@e nuc eOtI e se nce O orel g Q{

i's ITFSE SO T RaD) TRUesEoIEACTBRR Witheidne
seqUergiss gena sequencdenqodeyy piotsdiwhigh piageinveanddins a stretch of at
pol viemst ases Bdsid Aieindave shibi&trélich @@%%UHQ biu&r ﬁ\ﬁne@A@? Bﬁdlor

end (A gﬁ% (LﬁEﬂlléglﬁggS ér% c%ﬂ aﬂ1 r@;[ e!t?éa%pca')oe L g%u ! \%?e%m ‘ihf nucieotlde

basi

charsBaYEie 265 oroioR gene ﬁé“%%‘??' mo%m%awav ial 9 seesrf RRtEPRIAIN a

genesege|ige teé canboticognizediny tist vied pdiyroérase of tealiewtdstiee

basidiseasd ﬂ@s@@'é{fenb%n@ ok deB e i idi® stititEregHe @ast three basic

nut ggenesi.g to i M nate any sequence that can

recogni zed by the viral polynerase of the hbmcastle

di sease virus as a gene end (GE) sequence, to create

a2 nédintthed afcrdingio ofime, stegamgerized inAhamihépatt GicOMiIdtyFtoreign
0 Gend %&ené‘é‘éﬂc@@h& 5hid §ettf of Q@éasWhFe'é' I:Etsi% adi @%As

| Ziﬂéeg@"éa% okt Bfclqt RS aRee et ha oresqdlbresfeizan o

wheregegniaed bythe yfralinelymeesaioh thedawsestle discape grusesd depe end

anoi(®Ey saquehdeota deate A nioeiiflea tbraigs gert gubmtec| ai m 3,
characterized in that the nutation(s) are silent. A

t cecordipg to ¢ 4, characterized in that
7 PaneSg Rieoulih baining Foraiarzed B hin it s ence
met ﬁﬂ@in%ib'm%hhg theowitsl tapenfiorelgrbgenelsanwentcerat feadt dne rodtatton is
at lrt@atcddwhepsbyn “ALdfaid m:@fs&em%&eplécémiﬁmﬂther
accordifiget © clains 3-6, characterized in that at
| east two aaa codons are replaced by an aag codon. A
nmet hod according to clainms 3-7, characterized in that
t‘h e Adarihedjacseingrio slaig 3. @gwcmﬂecaaahatﬁrermpﬂamﬂ dogysilent.
the coding sequence agg agg aag aag. A nethod

%Cﬂrn%tf?&i éc%or%lln t cI]a n§%3 ﬁh ra@a efﬁ mgl?at gt 63%?88 gﬁ? godon is

orelg gene en

BRPlagRd Pren 6@912%90% rus. 10 A reconbi nant

hbmcastle di sease virus vector harboring an

al dztheaingdl a&f)l@ﬁﬁ;océ RIS WhalackRIRY thhdi 9t Radt A& t)?ﬁ]t
gen%mgggﬁgglve linked with an upstream Newcas

di sease Vi 1ad"Gene start (GS) sequence and a
downst ream Newcast | e di sease virus gene end (GE)
Seqaemtiend abadmgtte clared3-8 ohatdetizédia tid bEEgR VI EE codons
encadespidcdRR iRl dagWbliGh protein contains a stretch of
at | east thrée baS|c am no acids, said stretch

consi sting of Arginine (Arg) and/ or Lysi ne (Lys)

e sf dipiodargordmatiariaimsg-atchreaaterizeshie thay Siervedinglsequience aga

f or agegreageiats ApRBNDY the@0diAY BequeRRIARIGR daabgcan be
recogni zed by the viral polynmerase of the hbmcastle

i sease, Vi rus ene end se
% (73\ method s;tccorcFl ing to C%lm 1-8, c:haractgnzed in that the foreign gene encodes
the HA protein of a pathogenic H5 avian influenza virus.
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10 11 A reconbi nant Newcastl e di sease virus vector
according to claim 10, characterized in that the
forei gn gene encodes the hemagglutinin (HA) protein
of a pat hogenic avian influenza virus, wherein the
stretch of basic am no acids contains at |east two

LyH0. Aeregdthiifard Metlzadti disdke ARG WORF Ahmodhg bisadditidmpane

ft L VS ' , ag. 12, A

P e cola o el ERGRRA Y aodhoe B 3R i)

to cHegtrrgmbevcestie dispasevips gene start (Rl saayenss pred ah of
basi dowmdtreareldéwtssimdibedsa virtidgeranem(GE) isdqesameettacterized

Arg |matlhe for@f?@@@ﬁé‘ eRodeB 8 psteinSitHIS oRGTILSHSRS a stretch of

agga w20 . A.vacci ne inst a.mcraqbial.

oS hataR unES prdle AN R SRR SRR kel A A s o)

vi r udng/eckisined by reridipstandpeptadting atdeast one Lysingrwhich foreign

phar geeedddsamt tyntaio Gegeiabhe thal dantle recoghizedesithe viral
polymerase of the Newcastle disease virus as a gene end sequence.

11. A recombinant Newcastle disease virus vector according to claim 10,
characterized in that the foreign gene encodes the hemagglutinin (HA) protein
of a pathogenic avian influenza virus, wherein the stretch of basic amino
acids contains at least two Lysine amino acids in row, and wherein at least
one of these lysines is encoded by the codon aag.

12. A recombinant Newcastle disease virus vector according to claims 10-11,
characterized in that the stretch of basic amino acids contains the amino acid
sequence Arg Lys Lys, encoded by the nuclectide sequence aggaagaag.

13. A vaccine against a microbial pathogen comprising a recombinant Newcastle

disease virus vector according to any of claims 10-12 and a pharmaceutically
acceptable carrier or diluent.
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