RECOVBI NANT AVI AN PARAMYXOVI RUS VACCI NE AND METHOD FOR MAKI NG AND USI NG
THEREOF | NCORPORATI ON BY REFERENCE [0001] This application clains benefit
of US pr owD2harebkésappl i cation Serial No. 61/235,912 fil edTASqusn4119 2009.
FI ELD OF THE | NVENTI ON [0002] The invention relates to avian

par anmyxovi ruses (APMW) and APW sequences. The invention relates to viral
vectors for the insertion and expression of foreign genes for use as safe
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use of a vector backbone which is strongly attenuated and does not cause disease in the

animal itself. The disadvantage of currently used viral vectors is the existence of

maternally derived or antibodies acquired due to a past infection. These antibodies will



[ 0005] The virus fam |y Paranyxoviridae includes both human (neasles, nunps,
parai nfl uenza and respiratory syncytial virus) and ani mal pat hogens
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SUMMARY COF THE | NVENTI ON [ 0010] The present invention relates to a vaccine
or conposition conprising (i) a reconbinant APW and (ii) a

phar macewoDcalloz2¢s6 veterinarily acceptable carrier. TheCprissantw4éinyenti on
enconpasses net hods for nodifying the genonme of APMW to produce reconbi nant
APMW virus or APM rival vector; nodified APW prepared by such nethods;
DNA and protein sequences; and nethods for infecting cells and host ani mal s
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response, and a net hod of naking such reconbi nant viruses. [0013] Anot her

aspect oflini¢pd sighy afier vargl deciiond Aléxaaderef&@hbl%énﬁampwabi 3094; Gaegti ¢fe or
conpositjo e S conpared to known APMW or
ot her relil:ldr1 ??f\zg\r@g\o/%({:h&eggfs @gtﬁ% r%ge(r%o%lﬁgﬁ)gé?s/pect the present invention
provi des[0006pdi flihedompittepetiobiie sehPhés of saleral MDYV isolads lexpbessi ng a gene

product in _a host 15] Anot her aspect of the invention is directed to a
r econbi ngbli Ahfwrxmsafgt%%w *it%&heb‘g?‘ﬂpH%d?tﬁ@éP%f}%ﬂf MR drense (Bnaes™om any

source igtQ : F1et ; '(I:G{SF &89 IOV Q@alngﬂ@%n@nﬁlé ?éceﬁtecg}o%aﬂfse%}gl APW

genone. Syn I"f1ed APM/ virus’rec I nants carrying
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reverse geBeidgSos XPMVIG, D8N §2Nfd: DEPNOCT, ¢)2 P83 Der2yu et a9l mmt}@ﬁe for

recombi nant vacci nes or conpositions in different host animals.
APMV-§, EU910942 for APMV-9. Besides the sequence information, not much is
known about virulence factors. Isolates of APMV 2-9 have been mostly isolated from
migratory birds. Interestingly, there are very few reports of experimental infection of
chickens with such isolates (Saif et al., 1997). Since these APMV circulate widely in
wild birds and in certain cases have been isolated from commercial flocks ( Zhang et al.,
2007) that sometimes cause disease in them (Saif et al., 1997; Shihmanter et al., 1998;
Shihmanter et al., 1998), knowledge about their virulence in poultry is needed.
[0007] Most of the APMYV isolates cause a relatively mild disease that may be
exacerbated in the presence of concomitant bacterial or viral infections which might lead
to economic impact. In particular, APMV-2 was first isolated as a secondary pathogen in
1956 from chickens affected by acute laryngotracheitis in Southern California
(Bankowski et al., 1960). Since then numerous strains of this serotype have been isolated
from several avian species signifying that APMV-2 is widely disseminated worldwide
(Andral et al., 1984; Bradshaw et al., 1979; Fleury et al., 1979; Goodman et al., 1988;
Lang et al., 1975; Lipkind et al., 1982; Lipkind et al., 1979; Zhang et al., 2006).
Bankowski et. al. reported that natural as well as artificial exposure of laying turkey hens
to APMV-2 caused a pronounced decline in hatchability and poultry yield (Bankowski et
al., 1981). Initial examples of APMV-4 isolation were from hunter-killed feral ducks on



[0017] I n one aspect, the present invention relates to a pharmaceuti cal
conposition or vaccine for inducing an i nmunol ogi cal response in a host

ani mal i rwoubateedsai th t he conmposition or vaccine, the ®OFRLS0I00F17Dr
vacci ne including a pharmaceutical acceptable carrier and a nodified APW
reconbi nant virus or viral vector. In yet another aspect of the invention,
t he reconbi nant APW virus or viral vector includes, within a non-essenti al
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[ 0022] Fi gybRs @f ABNBY %eqbﬂealo%r&%&g 4 REqiRE & 91'118%’5 (i8R aﬁee@,% aﬁ@é’% or gans
of chickens after experinental ¥ect| on with APMW- 4, 3]Figure 3

depi ct's mdaﬁtqnbmllgflems {Alesander, 9’393):h| ckens experi ment al | y i nocul ated with
2. S USSR SRR PP SR o Bty 2
ant i bodi Bgnter-killed Canada goose (Branta canadensis) (Rosenberger et al., 1974). A serological

survey (from 1990 to 1992) of wildfowl in southern Spain showed a notable prevalence

of APMV-8 antibodies in up to 43% of the tested sera (Maldonado et al., 1995). Another

serological study to determine the status of live, healthy mallard ducks in New Zealand

for APMYV infection revealed the presence of APMV-8 antibodies in 56% of the tested

sera (Stanislawek et al., 2002). Warke et al (2008) described that between 16% to 31% of

investigated chicken sera might have had APMV-8 antibodies. But due to existing high

titers against APMV1 the probability of a false positive HI test is possible since the sera

do not react very specifically in the HI assay. With the exception of a few waterfowl

isolates of APMV-8 isolated while the populations were being surveyed for avian

influenza viruses (Stallknecht et al., 1991), there has been a dearth of information about

the prevalence and pathogenicity of this virus.

[0009] The development of reverse genetics systems for the negative stranded RNA

genome of NDV has made it possible to insert foreign gene sequences into the genome,

thus making it possible to create recombinant NDV vectors for vaccination and gene

therapy (Krishnamurthy et al., 2000; Peeters et al., 1999; Roemer-Oberdoerfer et al.,



[ 0024] Figure 4 shows H antibody titers in SPF chickens and ducks

experinentally infected with APW-8. Chickens and ducks were oro-nasal

i nf ect ed wotzh11z202e5se of 106 EI D50 of APM/-8. Sera sanpl esTisc@onadirect ed at

day 2, 4, 7, 14, and 28 p. i. and analyzed by the H test with the APW-8

antigen. The H serumtiters (in log) are shown on the left axis

[ 0025] Figure 5 shows the devel opnent of H antibody ti ters i n SPF chi ckens

during a i e/ boost v nati on schene wi.t h APMW- 8. | d SPF

chi chana! T FechnDtaliRER Sejors CbFro ke ) Polcpoougts s B a dose of

106 El D5frofdin 6FMYHB: su %gf'ér@fmh@m%@(m&a heesl , 2bo dayp? g@&&nm p.i. after
n

the first infection and day 7 and 14 p.i. after the second infection. The
sera V\ermfmb}l%bureéd du&@asehemsu(lﬁléﬁi (Huping cHal. %ﬂﬁhﬁvmnmfble(wmwhng) are shown
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wer e hom)genl zed and was preg{ared for RT-PCR.. A water control (W was

pr epar ed @TPIHHF"@ﬂ ogly, InFRE biglgcNP mayﬁﬁméstmrgedlg@%mmm@ng 16 % )
100
Sdder - (REiaomic GG ib I Pl A B AR B PP BB IS homn ot

the ri ghtoutih81924¢dmaget sgatnst S0 iredabe cotmvienS the fosldi BQJ: & thoncliickgnschi cken

and ducks experi msntall infected with APIW-8. The rus isolation from
chi cken rp@éa@l%@ @érq%ﬂﬁ%lﬁ haﬁeéﬁtﬂ%ﬂ%&l@%l&/&%@%@@&é@he det ect i on

of vi ral cBNAGEATIURIDY iactifs Broffle RoRciibROAGIALEE Al B elabl e show ng

the resu ts 0 i stol ogi cal exa seve organs after
i nf ect i omtibbdchi ddesyecanstobkiant NDdkeacnineh (vARMGr8ign g@mﬁl@];dﬁlgmﬂ) erec® shows the
devel Oprrgerhtera?lfy nlzgre %gcterllu% e astclo%n%gﬁed to hxsféD EIDC\;] Iva(lzckc?nrég an he{r efficacy may be

impaired in presence of NDV maternal antibodies. Therefore, there is a need for a vector

vaccine platform which can provide the basis for safe vaccines for the expression of

heterologous antigens. Ideally, the recombinant vaccine can induce a strong humoral

immune response, can be applicable by mass administration, and is inexpensive.

SUMMARY OF THE INVENTION

[0010] The present invention relates to a vaccine or composition comprising (i) a
recombinant APMV and (ii) a pharmaceutically or veterinarily acceptable carrier. The
present invention encompasses methods for modifying the genome of APMV to produce
recombinant APMYV virus or APMV rival vector; modified APMYV prepared by such
methods; DNA and protein sequences; and methods for infecting cells and host animals
with such recombinant APMV to provoke the amplification of exogenous DNA and
proteins encoded by the exogenous DNA, including antigenic proteins, by said cells and
host animals.

[0011] One aspect of the invention relates to APMV virus, DNA and protein
sequences involved in making modified or recombinant virus. One embodiment of the

invention relates to the genomic and protein sequence of APMV-2, 4, 6, or 8.



infection with different doses of APW-8. One-day old SPF chickens were
infected at day 1 with different infectious doses (ID) of APW-8 or
nock- i nf eyoedimizedsovi rus transport nedium (VTM . Bl ood wag/usaken4@r day 7
and 14 p.i. and the obtained serum sanples were anal yzed by the H test.
The H serumtiters (in log2) are showm on the left axis. The geonetric
nean titer (GVIIN of the serum sanples are shown in the | owest row.

10 shows the d opnent f H antj ers ' ki n ducks
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wer e i nf %@ﬁse%ﬁih \ff'ﬁ%es]ha% ehhahcEd ?&ff@tg}t stfdﬂ%%ﬁhio?&lﬁmﬁ%@%esi)&@e afd APW-8 or

mock-infected with virus transport nedium (VIM. Bl ood was taken at day 7
and 14 pmﬁth0dmﬂHtahmg@btslara@embmnMQmpl es were anal yzed by the H test.

The HI | A y
T e L
[ 0031] Fi gldonpblitios havinglah ene&awd Reelt dT8 aRBRdnkp MNBtodnotvies RV @sisdi Ng  DNA

and protein sequences. [0032]Figure 12 depicts the full |ength genone
sequencefeé@thW‘Blcélﬂﬁsal n (APW- 8: SCWS ID: MA-7, isolated froma

T2 depi V0The BRARLLG ERRhebFr i Bobi M e e B e
(NP) andAPNEV Ml?alpl’eotoe ifor cxprpvsng e gCiasRotihdt NCa Bst. V\D

2011/ 022656PCT/ US2010/ 046179 [0034] Figure 13 depicts the DNA sequence (SEQ
| D NO 4) 10942k i ri%jl Hsvpsiec gl %Hb’eﬁfl‘%’éldﬁfe% o EFcp lnlan B]Me\f Hl¥equence

(SEQ 1D Neikd ol O03mk&rtigh iy hP J}& sbi¥ee $28 mﬁﬁer%eﬁﬁqe%fgnw 6)
encodi ng APM/-8 " Matri xproteln e M protel n sequence (SEQ ID NO 7).
[ 0036] Fi @amendﬁerdfapragtcm dﬂthe BRlM‘é gqmc&m: éy(ﬂﬁE@dlllp rhlﬁ18¢d ARdOdAViTgs APMW- 8

Fusi onpr ot ei tﬁ rot ein se SEQ I D 21
recombin n S carrylng eterol gous gences Co 1ng OI‘ and €x I‘eSSIIlg an a tlgen are used

according to the invention to create novel compositions or vaccines.

[0016] Another aspect of the invention relates to an APMV viral vector which
provides a reverse genetics system, wherein the vector can be used as a backbone for
recombinant vaccines or compositions in different host animals.

[0017] In one aspect, the present invention relates to a pharmaceutical composition or
vaccine for inducing an immunological response in a host animal inoculated with the
composition or vaccine, the composition or vaccine including a pharmaceutical
acceptable carrier and a modified APMV recombinant virus or viral vector. In yet another
aspect of the invention, the recombinant APMYV virus or viral vector includes, within a
non-essential region of the virus genome, a heterologous DNA which encodes an
antigenic protein derived from a pathogen wherein the composition or vaccine when
administered to a host, is capable of inducing an immunological response specific to the
protein encoded by the pathogen.

[0018] Another aspect of the invention relates to a method for inducing an
immunological response in an animal to an antigen, which method comprises inoculating
the animal with a vaccine or a pharmaceutical composition containing modified
recombinant APMYV virus or viral vector which comprises and expresses the antigenic

determinant of a pathogen for said animal. Yet another aspect of the invention relates to a



[ 0037] Figure 16 depicts the DNA sequence (SEQ ID NO 10) encodi ng APW-8
Hemaggl uti ni n/ neuram ni dase (HN) and the FIN protein sequence (SEQ I D NO
11). [0038DpEBhgumesse7 depicts the DNA sequence (SEQ | D NECTARPo1O/MO¢EA Ng
APW-8 Pol ynerase (L) and the L protein sequence (SEQ ID NO 13). This
APMW/-8 L(1) protein is translated fromthe ATG codon | ocated at positions
8273-8275 of SEQ I D NO 1. [0039] Figure 18 depicts the protein sequence (2)

of APM/- 8 PoI ] Thi s. APIW- 8 L roteinis
Cr ans at BEDH S DG ORGP B oAt BaBiRp|TgHdo gp et lgha 281MSEQ | D
NO | . SEQJsBx d4 does not contain the first 8 amno acids of SEQ ID
NG 13. [0040]Figure 19A is a flow diagram of the APMW-8 reverse genetics
system F03%k e YoBtiepimrsoftheinvestiomn rewtesrteplm@md ofnexpfesPyR-L81%i rus in
MDCK cel | s., [.0041 20. depi.cts the est ner ci al
broi | or RRitesidnd 5T GRS rER R ES bt iiblo hEFTIOA TR st peshGIPE o1 depi ot s
the H tRPMV @i, twiRfeif HETRAE hidly bera@iah@Ecrthpioke Seorfv cOERIS a dhihBEer\PMV- 8
vacci nati on. [0043] Figure 22 shows the H test results after the in ovo
vacci nation at day 18 (study 1). [0044] Figure 23 depicts the H test
results O\ y 19 (study 2). [0045] Figure 24
shows tngk&ngﬁtli]g?c#& Lb@?@fﬁwkﬁ vacci nation at day 18

[0020] The following detailed description, given by way of example, and which is not

intended to limit the invention to specific embodiments described, may be understood in
conjunction with the accompanying figures, in which:

[0021] Figure 1 is a table showing virus isolation from several organs of chickens
after experimental infection with APMV-2, 4, 6 in embryonated chicken eggs.

[0022] Figure 2 is a table showing the histology results of several organs of chickens
after experimental infection with APMV-2, 4, 6.

[0023] Figure 3 depicts HI antibody titers in SPF chickens experimentally inoculated
with APMV-2, 4 or 6. Chicken sera samples collected at day 2, 4, 7, 14 and 28 post
infection were subject to the HI test to analyze the presence of HI antibodies.

[0024] Figure 4 shows HI antibody titers in SPF chickens and ducks experimentally

infected with APMV-8. Chickens and ducks were oro-nasal infected with a dose of 100
EID5q of APMV-8. Sera samples were collected at day 2, 4, 7, 14, and 28 p. 1. and

analyzed by the HI test with the APMV-8 antigen. The HI serum titers (in logy) are

shown on the left axis
[0025] Figure 5 shows the development of HI antibody titers in SPF chickens during

a prime/boost vaccination scheme with APMV-8. One-day old SPF chickens were
infected at day 1 (prime) and day 14 (boost) with a dose of 106 EID50 of APMV-8.

Serum samples were obtained at day 7 and 14 p.i. after the first infection and day 7 and
14 p.i. after the second infection. The sera were subjected to the HI test. The HI serum
titers (in log2) are shown on the left axis.

[0026] Figure 6 shows the analysis of RT-PCR products by agarose gel

electrophoresis. Tracheal tissues were taken at day 2 p.i. from non-infected ducks (C1-



(study 3). [0046] Figure 25 depicts 5 -full length genone (5 -FLG and
3'-full length genone (3'-FLG sequences, including the franking sequences.
[ 0047] Fi geioeop@2eespi cts pl asm d maps of pcNDA- NP, pcNDAPPT/Use@db44179 and
pcDNA3-T7. WD 2011/ 022656PCT/ US2010/ 046179 [0048] Fi gure 27 depicts plasmd
maps of pUCL8- MG APMW/-8 and pCl TE4AA- EGFP. [0049] Figure 28 depicts plasmd
map of pUCS7-FL- APW-8. [0050] Figure 29 depicts m ni genone APMW-8 sequence.

[ 0051] Figure 30 s he, NP protein_ sequence alignnent an seqguence
dent tyear P ERAY Tt Bt By e T B es e e RO MBS B ot ot e n
sequencep@hi g IRHT-ROR. AR aREBRRE EWi) AR08 bidp¥realin bixalENfaRdcdsot ei n | evel s.

[ 0053] Figure 32 shows the M protein sequence alignnment and the sequence
i dent i t ypatluetheeRNapanttdpnot kb fo hgavedegel. The size of the fragment was controlled

by using the 100 bp ladder (New England Biolabs). The sizes of the DNA fragments are
shown at the right.

[0027] Figure 7 is a table showing virus isolation from chicken and ducks
experimentally infected with APMV-8. The virus isolation from chicken tissue was
performed in embryonated chicken eggs and the detection of viral RNA from duck tissue
by RT-PCR.

[0028] Figure 8 is a table showing the results of the histological examination of
several organs after infection of chicken and Pekin ducks with APMV-§.

[0029] Figure 9 shows the development of HI antibody titers in SPF chickens after
infection with different doses of APMV-8. One-day old SPF chickens were infected at
day 1 with different infectious doses (ID) of APMV-8 or mock-infected with virus
transport medium (VTM). Blood was taken at day 7 and 14 p.i. and the obtained serum
samples were analyzed by the HI test. The HI serum titers (in log2) are shown on the left
axis. The geometric mean titer (GMT) of the serum samples are shown in the lowest row.
[0030] Figure 10 shows the development of HI antibody titers in Pekin ducks after
infection with different doses of APMV-8. One-day old SPF Pekin ducks were infected at
day 1 with different infectious doses (ID) of APMV-8 or mock-infected with virus
transport medium (VTM). Blood was taken at day 7 and 14 p.i. and the obtained serum
samples were analyzed by the HI test. The HI serum titers (in log2) are shown on the left
axis. The geometric mean titer (GMT) of the serum samples are shown in the lowest row.
[0031] Figure 11 is a table showing the SEQ ID NOs of the corresponding DNA and
protein sequences.

[0032] Figure 12 depicts the full length genome sequence of APMV-8 strain (APMV-
8: SCWDS ID: MA-7, isolated from a mallard) and a genetic map of the full length
APMV-8 genome.

[0033] Figure 12 depicts the DNA sequence (SEQ ID NO:2) encoding APMV-§
Nucleoprotein (NP) and the NP protein sequence (SEQ ID NO:3).



[ 0054] Fi gure 33 shows the F protein sequence alignnment and the sequence
identity at the DNA and protein |levels. [0055]Figure 34 shows the HN
protei n swQuendge2@bi gnnment and the sequence identity at PCmAISBINA03G1dI pr ot ei n
| evel s. [0056] Fi gure 35 shows the L protein sequence alignnment and the
sequence identity at the DNA and protein | evels. DETAILED DESCRI PTI ON OF
THE I NVENTION [0057]1It is noted that in this disclosure and particularly

in the clai ch as " ri ses S CO and the
ke canlBIE « waEe4ddrgeRies BRI ieteneiGERTEONG S pusatif FBM PSS *Fhey

can meanphdspeé pﬁﬁein(P"AﬂaCth@%%temsiewnu (1) ipAsh.he |ike; and that terns
such as "consisting essentla ly of" "and 'conS|sts essentially of' have the

meani ng H¥35J bedigue tl hdnpicts the BN APseqaentcel(81AQ 1B.1§0;6)tcheyding ABMY-6r el enent s
not expligitly rec L ude el e t.are found in the prior
ot or MR B MR SR e TRERIP IR0 the  hvent i on

[ 0058] Unjoass] ot lreguik 38 dBpit8dhe DBRNSH Gl ce(SEQEDANG : ) 2AELACEAPHIWNS t O
conventlonal usage. Definitions of commpn terms in nolecular biology may be

f ound i nFBEQTPERIER (Eé@ndnthe@dﬁ@‘f@lmﬁe%@k‘}ﬁl@ﬁ@dl)ﬂ‘s}o@)f ord University Press,

b ecul i@“@%ﬂiﬁﬁl‘*@%l o0 b ot 5 SRUGPRRGAY
0- 632- 02H8ﬁa§91utlmﬁﬁnda@diﬁmtda&e (I-Iﬂb)/ﬁdethé EN pr,otd‘l@h@paaﬂu&r(SEa' @) Ngy1lgnd
Bi ot echnogl @ npr ehensi ve Desk Referenceﬁbﬁublls ed. by VCH Publishers,

I nc. 195’&93813/:SBl‘ﬁlg_urSéMiPlS‘@éhﬁB}?NP{ wOBYcPHeERQIIRGIPER) crgading AFMV-gnn  and
"the” | np&lk’ﬁlﬁra@%\@f)ﬁi drtﬁéﬁ PSR se@lgggé GIBNo qkf% d@(Amﬁﬂem Qtcher i se.

Simlarly, |s Inte o I ncl ude e cont ext
clearly 1srmlmsla1ted fmmhéwﬂ%@ coddrelovaie dlat maisitions 82183 - &2135 afffEEQrEdD:10f a

a1 bl ! 31Tk ARa AT e T S AR InEE AOBFRSRS By Tt

par agr apfis NG: h@ This APMV-8 L(2) protein is translated from the ATG codon located at
positions 8297-8299 of SEQ ID NO:1. SEQ ID NO:14 does not contain the first 8§ amino
acids of SEQ ID NO:13.
[0040] Figure 19A is a flow diagram of the APMV-8 reverse genetics system. Figure
19B depicts the result of replication of APMV-8 virus in MDCK cells.
[0041] Figure 20 depicts the HI test result of commercial broiler chickens 2 weeks
after APMV-8 vaccination.
[0042] Figure 21 depicts the HI test result of commercial broiler chickens 4 weeks
after APMV-8 vaccination.
[0043] Figure 22 shows the HI test results after the in ovo vaccination at day 18
(study 1).
[0044] Figure 23 depicts the HI test results after the in ovo vaccination at day 19
(study 2).
[0045] Figure 24 shows the HI test results after the in ovo vaccination at day 18
(study 3).
[0046] Figure 25 depicts 5’-full length genome (5°-FLG) and 3’-full length genome
(3’-FLG) sequences, including the franking sequences.
[0047] Figure 26 depicts plasmid maps of pcNDA-NP, pcNDA-P, pcDNA-L, and
pcDNA3-T7.



term " Avi an Par anmyxovi ruses” or "APM' is used interchangeably, and refers
to and includes APW-1, APW-2, APW-3, APW-4, APW-5, APW-6, APW-7,
APW- 8, awio 208266 [ 0061] The term "animal" is used her @cm/useotio/oediade al |
mammal s, birds and fish. The aninmal as used herein may be selected fromthe
group consisting of equine (e.g., horse), canine (e.g., dogs, wolves,

f oxes, coyotes, jackals), feline (e.g., lions, tigers, donestic cats, wld
cats, ig cats nd ot her .felines i in eet ahs | ynx),

bovi ne (ﬂ’%és]b é—‘ﬁ %“rrﬁ)??%ﬁ%@éip??ént‘ip@w Oéﬁ’fé&ég&?r@”\?& g?‘?‘%ﬂ@&g‘f*goat s,

| ames, bpgeps), avian (e.g., chicken, duck, goose, turkey, quail, pheasant,

parrot, finches, hawk, crow, ostrich, enu and cassowary), prinmate (e.g.,
prosi m al049kr sifegyre ABdkpiyts plisbiid mapap el Cftitan®M¥esd fish. The term

i mal d d d |1 st f d | t,
i ﬁg: lr,lrgl n@gﬁrﬁr yg‘cﬁ‘%%e 2286?18 gﬁn'ngeggrﬁgﬂ’%%e#ﬁ@acger ?nsaggzl Spepte:lgeopgﬁg

" proteinfoosip UFegirt B SRGAAME QDY tINEER]uBndeul iRt dnd tio mhmnd@fmy
consecutl ve am no acid residues. [0063] The terns "nucleic acid"

nucl eot #tdbe DNghend prefoyinleetleot i de” are used inter changeabl y and refer to

der| vat i es%e&g%lp?hsucwﬂhxt oseemc‘% %E%H i gﬁl ﬁgﬁ%t%é% R%br??eega t shoul d

be appr eticdied ahb atotéihéevielvent i on provi des pol ynucl eotl des conpri si ng
sequences conplenentary to those described herein, pol ynucl eot i de”
cont enpl B083] i n Fagae A2 sbeskt the A arateiB equeRrqdlsmmsat ﬁwk @S?W%He@ttYand (5'
to 3') apdnsp goeRtary strand (3" to 5'). Polynucleotides
according to %(%[e |n@§{rrlgtﬁ|{on can be prepared in different ways (e.g. by
chemi cal [09¢#4f hediigure BY sgenethe [Fanoteq etjocnce ahgnoant ahd ke sequénoasdehotyns (e. g.

| i near of mchgd, Si T&{ﬁ% or double stranded, or a hybrid thereof,
primers, thg gn PEOtﬁm 2011/ 022656PCT/ US2010/ 046179 [ 0064] The term
‘genom cpogh¥y' OrFigFENIRRowd ﬁe@ﬁ@ﬂrdtélﬁ%écﬁiéﬁé‘bgﬁ@%ién%}ﬁi theb&puendadéhty

heritabl e genetl c i nformation of a host organism The genoni c DNA conpri ses
t he DNA dfthe R&/naed protein kevels. referred to as chronosomal DNA) but al so the

DNA of I h | ||
Corgor mPsBhondrfdy 5 v BRann BRER B ahsfa T and B abes®idRL o esent

i nvent i o tht BNVA edEpidtdivlchfie. RNA of a virus. The RNA nay be a positive
strand or a negative strand RNA. The term "genom c DNA" contenplated in the
present invention incl udes the genonic DNA cont ai n| ng sequences

conpl ene erm "genom ¢ DNA" al so refers
DEF A eh u—m‘?-‘ Nt A), and conpl enentary RNA

—
—

t 0 messeTger RINA INF

(cRNA) . [D9&7F er m 1sglefvdnha:t 11IRA11( dlllslﬁbﬁlre aﬂtpaﬂlculmsy isthd changiternisrsatiugkes RNA,
MRNA, cRNA, DNA and cDNA, [0065] The, terge\ gene" is used broadly to refer to
any segnecr?mpélrsespom%w%m BRI | Adee K frnane Bicarardle #letaddn. Thus,
genes orit APLNYAIGPLLCES: 1G] Uil endal HOANANSRXRRY o RifPNORE feseguence,
or just the coding sequ as in cDNAs , ’such as 'an open feading frame
(ORF), sl tandl@at teomlts Bllr[él @t“aonsmmg@slse(m«dtmﬁrandlécqmdtsrﬁ)sseanndllﬁnﬁ hagewi th a

term natj on SI codo es, and n tides can al so incl ude
f ogi ons St BRI s BERE e aih el Ay TR PR A% i Tt o
transl at émcﬁme&ﬁe@nsﬁt@x%u@ BlchRhf¥ tRatat Ofbund Mihe pAibS &t bPHabigkectt A b8sic

pronoters and ri bosone bi ndi ng regions (in general these regulatory
el enent soﬂﬁoé/eh@@rm‘@rwmefsheb@\t%@m 60 and 250 nucI eotides upstream of the

o121 SOBRAP!, YIRS SROUTGR S AEDRon B S Bl S R K

t er m nat Wage. DMLRSBD binfion tamwlﬁxmmedu@rxbuﬁegylﬂ@ye@tfmdﬁsnmmaﬁﬁ eam of the
stop codon of the codi naF sequence or. gene;

pol ynuc| bevingEicagssy mubligies hy&ﬁormgméfie@lt&?m&f 1r9§é rﬂeg(ﬁN p’n@tg%‘)@ﬁ?@%’s es NMRNA
funct i
egul ar ok B, (@) PRGNSR RBE B Mol Rl o B HRIMRUED AGHERS, |

refers t8citive IDNATRY (ISBN (-630¥021 82i-9)t enicbhbb@rga]ni@m (sl Mascudardi f f er ent
cell type or a different species fromthe recipient. The termalso refers a
DNA or fragnment thereof on the sane genone of the host DNA wherein the

het erol ogous DNA is inserted into a region of the genone which is different
fromits original |ocation.
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WO 2011/ 022656PCT/ US2010/ 046179 [ 0067] As used herein, the term"antigen" or
"I munogen" neans a substance that induces a specific i mune response in a
host ani meiD.20flie2@6t | gen may conprise a whol e or gani sm PKirfusea/oadivenuat ed
or live; a subunit or portion of an organism a reconbi nant vector
containing an insert with inmmunogenic properties; a piece or fragnment of
DNA capabl e of inducing an i mune response upon presentation to a host

ani mal ; a. pol ide, an epitope, a hapten r _any i nat.i t her eof .
At or nar BBt RE ittt B AR a A BB EE DoV Chint 1t oxin.
[ 0068] The,diRh&k, TnBIHOROEIBN R5QJELIK0Y). pepti de” as used herein includes

pol ypeptides that are inmmunol ogically "active in the sense that once
adm ni st 089 t o Tihkeirgokr fering “p’s “atsl, end 6theV okbidapluratmafrecntesdossgenekt t he

orotern frapradties e Rlp b e SaB R R n b oMb R o cal

activi t ythasohtegt d&drBl in@icet @tHerwikBUBhe Word! of einBarfsfadg BB ncabePbfd Ng to the

i nvention conprises or consists essentially of or consists of at |east one
epi t ope Pattiges lise and alge instuden amt combinatioprafreryebareof thatdisti n or pol ypept i de,
as used i n, ncl he. - | t j.n, anal ogs
L TR S R R
meant a feragARidn Riraray ypvirisdsh onhA BRIV’ hig lusistiis ted¢tangeabiyp ard efers epasl and t hus
elicits the imunal ogi cal response described above. Such fragnents can be
i dent i fi @gludss AV ANYDER 651\43\61% éBM\@ﬁpéiP%VéeéW\iéeéP%ﬁgﬂ, known in the
art. SeeAgﬁﬂﬁ81m§RkP&Rﬁ9thping Protocols in Methods in Ml ecul ar Biol ogy,
Vol. 66 (@enn"E. Mrris, Ed., 1996). For exanple, |inear epitopes may be
det er mi n@A6bly e.Tihe teroofmumalént hsgd dyrithesndiudgall avagenais) ivds sndfislpeftied des on

solid supports, th eptides corr onding to portions af the protein
ool coul et used BeRERmug B sdlcd e BEERTe EBup Pabiiibe Shanie (46 BSD; dos ar e
still at &ﬁﬁm@.gt,%ogﬁ%ﬁ%gﬂﬁéé-co%kﬁﬁ _}écﬂ‘(ﬁﬁgif&i{{%s(e%fﬁioh@q)g%rs[ Both&gicart and

, U S. at. No. 4,708,8 t al.

described in, e.g. ' /08, 871, Geysen e , 1984; Geysen et
al ., 198@éuts, Siild dagy; biher bigrektsy anat otherdkliegsiindpding ahestahe add Iynx).domine(t-ed by

determ ning .spatial conformation of amn cids.such as by, e.qg., X-ray
cryst al | BTG biaf bo £ BieeBid - Shed st Aahe REsD. Einblhe trdken " 0¥

Epi t ope MaRpidtte RUKOCAlas], plsdadrd, palQ GRIIES hi ek Brow osuidg e Gndr Ot €i n or
peptide" further contenpl ates deletions, additions and substitutions to the
sequenceSassyvrph Griggta (g JEespEs: faaact meekeo sPbes. apeddurrangnandditinol ogi cal

respons e iU ARAINALPLgIDS, hANDS AISET KA MENBFhalI Aoy denot es the

repl acene an amno aclid resi y ano ogl ca si'm | ar

resi due, inoludingeenitepbraic emnkefetal afagas.nucl eoti de in a nucleic acid sequence such
that the encoded am no acjd residue does not change or i not her

bi ol ogi cH0PY! si rﬁmeé?m}segplm@pﬂ en ap i%mFeé@aarra}lS%idpt%rf@ap ly bsreind? r ed
SUbSUIL Uldrang o ol mBREEALLNiyBERAADZGE Yduee T nature, [.e., those
substitutions that take place wwthin a famly of am no acids. For exanpl e,
anm no acf0¥é3lar e Thenensl ‘hycldicwictigd ructeotifidiiand Filyriuvekotidd)araosali c- aspart at e

and gl ut amat e; basi ¢--1ysin rgqini.n hi stiding: (3

mon- pol ateraaritly Sbiereiee KR ETNE: Sl Eorplsieniiro P RNl al ani ne,

et hi oni R@mpldnyddtRp RAM) AR ctiditi R ehasgesdicRab Hose BbM&Eh G mARR&d agi ne,
glutam ne, Ccystine, serine, threonine, tyrosine. Phenylal anine, tryptophan,
and t yr obdolsborpselt siavdd perepprediated ilfar the imeendipn prenvidesaniymoclaelidss. Exanpl es of
conservative.variations include the substitution of -one hydrophohic residue
such s Tl sALEGER rorlerEebn® ARt Mt JR° SROVRLPRIGE: Sohobi c
resi due, cateripl@ted b thiciprésechtOiRv &tiod gl pdds doth @6 ifshuard arand ot o) gl ar

residue, such as the substitution of arginine for lysine, glutamc acid for
aspart i crexessg complegicntapnstradi(drtogs h dradgiusteotiderpocpiding tedhe gyenfiogi Gan| ar

conser vaf i -ﬁgﬁg ' i j .t r - ted am no
acid tha%é§ﬁpégﬁgﬁ&aveﬁgr%%?@%%gkpgggg%ﬁmpkégﬂﬁa%%a%ggﬁ{aé%’3%%%&1Proteins
havi ng staks vatidusdbinys (chee lisearer arantleedasinglece duetsic stragict her artgfveid ehaeofiol ecul e
but possessing nmjnor am no acid substitutions that do not substantially

af f ect tﬁ@ﬂpﬁnﬂghﬁﬁﬁ?bity of the protein are, therefore, within the
definition of the reference polypeptide. Al of the polypeptides produced
by these nodifications are included herein. The term "conservative
variation"” also includes the use of a,substituted amno acid in place of an
unsubstituted parent am no acid proviégd that anti bodies raised to the
substituted pol ypeptide al so i mmunoreact with the unsubstituted

pol ypeptide. [0070] A "host cell"™ denotes a prokaryotic or eukaryotic cel

t hat has been genetically altered, or is capable of being genetically
altered by adm nistrati on of an exogenous pol ynucl eoti de, such as a

. e e o - I T - o



[ 0072] One enbodi nent of the invention provides the genom ¢ DNA sequence and
encoded protein sequences of APW-8. The conpl enentary genom ¢ DNA( cDNA)
sequence W 20AM2@&6st rai n of the present invention has &CpalSgmunkact i de
sequence as set forth in SEQID NOI. The APW-8 genom c cDNA sequence (SEQ
I D NO 1) has 48% sequence identity to APW-1 genom c DNA (SEQ | D NO 15),
61% sequence identity to APW-2 genom c DNA (SEQ ID NGO 16), 47.2% sequence

identity t PW- 3 gengmi ¢ ID NO.17), 47.6 % sequence identity to
Ao 1 SR c THR (CSEGRPEIDIE) Ot e HHEREATS LS SROTRE Benom ¢
DA (SEQULBNANLenchE TS EIMNRACST 4 HEqdrkiird ARMEnde B0 cobisls SO | D

NG 20), 99. 1% sequence identity to AP enom ¢ DNA (SEQ ID NGO 37), 96.5%
sequenceDNdenf theynicieusFMvo 8cigemdnd es Pivan{csE@al DNYO: B38)alsoothic 49N deofudnce

identity to. APMV-8 i ¢ \DNA, (SEQ I D, NO 39 8% identity t
a0 SRS o FERRTME R ST, FEWER RetbnelfiSolsr e ocrmail, di: on
provi desgghoRfit WNICbe@dnodR ddareniplated HEHE BRSentdSvehbn hIR6 idfeisio BE@RNR O 1,

2, 4, 6, 8, 10 or 12, and variant or fragnment thereof The invention further
conpr i sedVeus dipRéW: maxrby anasiing strandoppnsgstive smnddeNAdER ferBegeenisi n. | n

yet anot Y] I , ot | t.] NI OV p td [: a
sequenceﬁgq;A s%ﬁ%ﬁﬁ%ﬁ n @EQ‘b ]P%%g&ngﬁ 1}%1([1@?5 %f é’éﬁﬁﬁéﬁ Ijllﬁg %ﬁ%dlg/%gi ant or
fri’slgment sdgh&tc?@fcoh@&?ﬁdnlb&fﬁ&@%ﬁse Pmﬁbﬁghemfn. PRHey teua| ‘@ehom&s DIVA” also

pol ypeptides from APW, for exanple APW-8, APW-2, APW-4, APMW-6 strains
are i nt e 1@ Sopwengrt RNA (ARNSY oprmplemenary,PNLe (DN AY et complomaenfanid

her ei n, GOy h I Yol : I an s. The
term™ angﬁ%g " re%'e?ggttgﬂt?v\%éﬂgo 152%%@%%%5@2? aﬁgﬁé%g%?%ggmta iﬁméve t he
sane or sIRNAaRNAMINAomd dNAt hat have evol ved separately in unrel ated

or gani sng, e rm"orthol ogs" refers tq two pol ynucl eoti des or

oot geal's . oot ent Ranet eady got et an e of et tads common

ancest r as,88ned RithSPR6IoLch PfinctNa!, TRLY, YenQdrpelyadslcSMNER e RR! iNRER! drdes
traj Ry gfc NG, hing dripel Ghec 1R MRERY drd

having the sane or simlar functions. The term "paral ogs" refers to two
pol ynucl esnp de ganopat sadepidcdersustib caling seghertceslahip dlohs carchemami t hin a

genone. Paral ogs psual ave.di ffergent functions,. but these functions may
e v ot at B R HENEORES RGO b flbast SRR AR Srigiy b G Tapiine

pol ypept vk ag@misitiohaiegdal Gt dvdoMy. (énéyHd pIRMMcROti¥ReR ki iude
post-translati onal nodifications, by am no acid sequence differences, or by
bot h. | nregipns ithag regulath Bt caprsssen. shch isfraaseiionipitiptiofe fapdptign @xhi bi t  at

| east 80;.85%: - 909 - 959 980 9 9 . 0 nce identity
w ih al | Tapcrpith il R, oo A B brofcthe Ao SR SRRUE"CE Lo .
and w | | regidnk Bintgeacral thicdcagdlatoey tloments 06 adpdorinanely hetwara @Oaid 260e pr esent

i nvention provides a genomc c of . APMW- 8 having the sequence as set
forth int tlriemétreimogﬁhwﬂ %Wéﬁhm warnce Phgeso PPrsY Motlidde i s a
reverse r r f 3 i i nce as
et o t B e R Y T e or
a r ever skecaodplithmeartparymstehadtingf el dpo gwnsticemtaf dee wép tdvenmf d@wemidinignvent i on

has at |east 70% at e 75% | east, 809 t | east 85% .l east 90%
| cast SS9t GG WSt o bione SR TuNER tauliel B3 R purliseBit de

havi ng afSaaAMRMER cRSreSBE mRNA Br FithcB5RQI R ANQrlencd 29 43pddfiOpRtSiThadi ment, the
present invention provides a fragnent of pol ynucleotide encoding an AVPV-38
pol ypept Whish iseledes segudatpny spawasicent | de encodi ng a pol ypeptide having a
sequence et farth in, SEQ 1D N »3, 5.7, .9, A1, 13 14.. 1 et
anot her E@ggﬁt,r@ﬁéﬂg}é§gﬁﬁg%%$bn ﬁoﬁsﬁﬁyJﬁTéngkﬁé éﬁhc éb(¥ﬁ8ggﬁgbding a
pol ypept i digferdidvidagisad, shehasta difi¥enbéell ©pSdr o Sitferant speRas froBOMe rédipikeast 85%
at least 90% at |least 95% 96% 97% 98% or 99% sequence identity to a

pol ypept TieteHaw ARG sseleneieramnans thepeopf op thayagrgeppmyof the host DA 9 - 11, 13
or 14, Ofun &S HEURNAGS A AdhserRA iRblGkhibn bR I Mhom8 ARHDL ABRALy AN

i mmunogeni ¢ fragnent nprising at Teast erght or Qat east ten consecutive
am no acfrds isforipiel dfcatibvese pol ypepti des, or a conbi nati on of these

pol ypeptides. [0076] I n another aspect, the present invention provides a

pol ynucl eoti de having a nucl eoti de sequence as set forth in SEQ ID NO 1,

2, 4, 6, 8, 10, or 12, or a variant thereof In yet another enbodi nent, the
pol ynucl eotide is a reverse conplenentary strand of the pol ynucl eoti de
havi ng the sequence as set forth in Sgg ID NOI.In yet another aspect, the
present invention provides a polynucl edtide or a reverse conpl enentary
strand of a pol ynucleotide having at | east 70% at |east 75% at |east 80%
at |east 85% at |least 90% at |east 95% 96% 97% 98% or 99% sequence
identity to one of a polynucleotide having a sequence as set forth in SEQ
IDNO1, 2, 4, 6, 8, 10, or 12, or a variant thereof [0077]1n another

oy S - o o - g, ~n 7



[ 0078] Vari ants are honol ogous pol ypepti des having an am no acid sequence at
| east 75% 80% 85% 90% 95% 96% 97% 98% or 99% identity to the am no
aci d sequeocetiag2eet forth in SEQID NO 3, 5, 7, 9, 11pCI8iSer10D46179

[0079] Variants include allelic variants. The term™"allelic variant"” refers
to a polynucl eotide or a polypeptide containing polynorphisns that lead to
changes in the am no acid sequences of a protein and that exist within a
nat ur al ation ., Vi rus species.or variety). Such natural allelic
Var it 1 ofi0BZhn iR D ST o5 Bt BSROWIER BRI de or
pol ypept jndGecsAl sp8iti6 iMAuh@Rispork@in PRodtdRMAIl TRE aPygRaRHERRI B ihghdncl ei C
acid sequence of interest in a nunber of different species, which can be
readi | y ongamisingkillloditattopuaied ergiviey b sildinzarr iportiopradloe organisng@re¢dmybindrg same
genetic Iogus iﬁqthoseng ci.es. AnX and al | suchinucu%jc aciqn¥ﬁriations
and resul TG AR Ati"d ‘ﬁ%ﬁl HOPBIPETC BRPGAFD 4t 1SR SO & PRE result of
nat ural @dphBleiof intRkingtanamnand rédpohscdPon Presahth@én tohehdsuminapnRal activity of
gene of interest, are intended to be within the scope of the invention.

[ 0080] Theolyegniide, aeitppss'a hapteh, eregpsembingtige fisssde dlicaistalpfes to, for
exanpl e, . f Ll i [ | cal nucl eotides or am no acids
di vi ded %@ﬂﬁ%ggﬁ§§’gﬁxgggﬁténggﬁF Q%H%ngﬁhéﬁﬁacids in the shorter of the
two sequE@eess Wiketrm dhingmogaiic pfotéiher pyidee quesddsrd@incheledet ermi ned in
accordance with the Wl bur and Ljpman algorithm (WI bur and Li n). The
sequenceP? yRiidey hat are dxmwRRle ek Pcatw.etlgf%Seﬁwh%&ﬁnﬁ%a%}%ﬁt%r@angz\e es, or
the sequgnee: fsdsfiib te¥oll~éeatn"‘iﬁﬁﬁ'lt&e"i’95ﬁé3ﬂ§é &ht H&méﬁ%‘ﬁd)&ec%llﬁgﬁ]t g gieteym ned

usi ng Vector NTI software package (Invitrogen, 1600 Faraday Ave., Carl sbad,
CA) . WhemgaRNAtheguotemc dsctarablysth grateindmgsient isanch that i hasesubstdetipllyehof

sequence identity or. honol.ogy with DNA sequences, thym dine (T). in the DNA
sequence®i"¥ BYRYIoREE @ A trdorqteipy) it AHRICENE ER AHOE NS Hus,  RNA
sequencegeghirntbh BMphifds of 6ARAtssdrIl) BY 6MEdnSRtsTdt kad oRE cpsgeud from DNA
sequences, by thymidine (T) in the DNA sequence bei ng considered equal to
uraci | (WtigenicRNEraEgoe ndesSimoagehichpwtgn gspaepsptidacaspisedkerting nvent i on
relates ta har, eut,i cal co sition or .vaccine.for inducing an

! rmunon o uBe PR GITTEEN F8erR8 TP AR rudlh. PRt G aSe W I iREh e e or
conposi t fr@¥meritd theMdE CBH CindiuSEHIRR At i0 edcd i NBa@n @ BF TPEREIh ivaALh
acceptabl e carrier and a nodi fied APW reconbi nant virus or viral vector.
In yet ateluderonpgsgraperespitenes apd thawelieits the Fampaelogsplrasonapiasciibsdus or viral
vector i d 1 hi - .8 ' : [ rus. genone, a
heterolo@%ﬁg'gﬁﬁ?%@%ﬁ%ﬁ%gm’ |g§ﬁ§§@éﬁglEﬁﬁ%gﬁ$F§@H%@%B¥OaQ&H derived froma
pat hogentcaleq@isiwdlhenoanipalse irt. e od.g.y BpicdpreViafeng Babmoooissihvetodsana host, is
capabl e of ingyclqg an i nmunol ogi cal resgonse specific tqg the protein
encoded Nplacher Birlpgyerel- qﬁo@é@}mﬁ-ﬂv{em%ﬁ > 17 &'of gxampledigksi $PARPEDNA or
RNA pl asp,d e Baehfink® B 8 coRéurénlly SyfiilizifQPEd SfShdds HEIHHALQIObRd

pol ynucl eo iae to be dglgvgpedlto g ¥argé? %el%, eithe?ﬁ%ﬁlv%tro or in

vi vo. Theippettgtiod pzpodss @oteppanclirentoipdetions pf denpoicsemales@qimdaeactihgitlnt er est

f f. tion.or. th tionally be in the f f
e evpr oaaT 0 iR ETes Pl g AR e 0] DB HESREp ey Shish capmbl o of
repl i cat jcoRnilitstaRekitvi MBhE alt 3hABEscHB in0E oS WS 6k NI eyoseym GogdcHdes

vectors for cloning as well as viral vectors.
al., 1984; Geysen et al., 1986. Similarly, conformational epitopes are readily identified

by determining spatial conformation of amino acids such as by, e.g., x-ray
crystallography and 2-dimensional nuclear magnetic resonance. See, e.g., Epitope
Mapping Protocols, supra.

[0069] The term “immunogenic protein or peptide” further contemplates deletions,
additions and substitutions to the sequence, so long as the polypeptide functions to

produce an immunological response as defined herein. The term "conservative variation”

13



[ 0083] The term "engi neered"” or "reconbi nant” nmeans a pol ynucl eoti de of

sem synthetic, or synthetic origin that either does not occur in nature or

i s |i nkedwoaoarmaedser pol ynucl eotide in an arrangenment neCTiusaond/oud17nat ure.

[ 0084] The term "nonessential region” refers to a region of a virus genone
which is not essential for replication and propagation of the virus in
tissue culture and whose deletion or inactivation nmay reduce virulence in a

variety of animal systens.. Any.nonesse rtlo t hereof can
o tel ot SIORP O FAL SPR &8RRI S G Py AT S IBAREIBas SHRY ogkEad | n
it, and §hge vélﬁ@ehfewofaa%cfebaaé id éﬂu&&c hhe sé@f*eﬁs@waﬁmﬁatﬁ%\éﬁcwéwnwg from

the del etion or insertion can be used to ascertain whether a del eted region
or portiand tdseiue aibed motichatmgsdr moanetise htqleglcallymlmﬂ@f resided ilméng regetde
nonessent i none ﬁon on.the APW-2, 4, 6,

o e Mt P b R s PN B R S s S R Rk S R 6 T ot ot

t he nonegsggfifutiahs ﬂl@lghl@@plﬁ@dmfthlﬁ%sfaﬂlﬂyQ)@Qﬂuﬂoeﬁfﬂdsn Fok ERdrBpleNGNED ALdR
nonessenti al proteln In this aspect, the open reading frane is sel ected

f r om t heargresngalbomigidediinig four famalics oy éelélcwaemiriﬁte PHESBAOPICOLZLASIEP) |
matr i Xpl‘&%%la nély%ne ﬁ]}%ﬁ&lﬂgﬁéghgﬂ 01(1{: )aflan%pe VQl?Ipéa M{e g&%ﬁ&ﬁy %ﬂr{y dase (HN).

In one e € nol sen gion'is an1of t he NP

gene. Inmﬁmgmhemugﬂhdﬂmﬁﬁaummkﬁammamﬁ$$pmkha@edpghﬂqﬂyané@g@ﬁggndomnstream
of the L gene. In yet another enbodi nent, the nonessenti al reglon is a
non- codi &lgtaa%mff w@rrﬁe%ﬁr@er@gqoawe rpsitg: Pheayalapine; kyptopian e tgpste

| Nt o1 Genivg oAl BRKIAA A FEALRNARL RN MR.ANG. O BE0GTaiRekIRRGRE and M
genes, between M and F genes, etween F and FI N genes on the APW-2, 4,
6, or 8 @ehMMe dubstytetioraofodriedry dexphoblic mmndu,e subleanicolesseatviahhe, rleagirmmrrray be

in the region.of .nucl eot.ide positions 140,. 1526 169 2910 3085,
W05 e Mo B SorDabie a8, Orihe §UbNABG of gt pagh oI Eaas of SEQ

I D NO : 1andiiR088lak Respit@t Jh%h 2@ ERAGstithis: émgﬁfﬂeqar 1ly§'1ﬁla @tﬁnﬁPM/d gimeras in
whi ch one part or the full gene or several parts or fu genes of the APW
vect or arartiepical edglbgangn@fqraspag@@@ ahd ge ldichera S/lmi]@B@CSlSGIIVﬂtlYfﬁart i cul ar

th bel dae f 0086], | di ment of
the t nveirolermen el «b AReRF AT M e et Tl amtipb e B B ap T S8 an ©
anti gen sejoe offedl ohthdbiloligi @Il 8eiit9f Pesttial h@ﬁh? ogRaStihINE ihedhMg amikdcid Ot
limted to, Sal monella typhinurium Salnonella enteritidis, |Infectious

Br onchi t $eSlugRceds ﬂ(q iprenciapenstq but posssasiee winasemunovgid sehsyiudeaptheydair ome
virus (EP@S nt aﬂ %%&tQ¥%1%§%n&tﬁ%g§% YheetSard {RE ore, LIS feous

Laryngotrac irus Vi a OVI I USEs, 8K''s di sease virus

(MV), f dnﬂmtmon wﬁthelﬁaferdmel@oéyﬁe@ndé i2d] of the polyPEpL)des ﬂwdlacemahswuhwer uses, avian
i nfl uenza vj as APW-1, and the |iKke, and conbj ngg;ons

u
t her eof méﬁfﬁfWS&ﬁ%tnﬁ@rdei 60 B fermy Genspa@HY f ¥artiogh als use
conposi t ?Pﬁslﬁ)%féd%%ﬁnfgcﬁ% %ﬁe@ofsﬁ! ﬁﬁh@&tﬁté@&@nﬁﬂlh& SoiR 3t mg&nhauc h as,

but not limted I ne rpesvirus (FHV), teline ca Vi rus

feline | auibedleareuserdm tl(d‘-ﬁelbmmteﬂ@blypepmdﬂnlmdeﬁmmrmcwlth|tlnajmls(1§dty1)tpdf el i ne
parVOVIrUﬁré P\, feline infectious peritonitis virus (FIPV), rabies virus,
and the PYKRPUSKG conbinations thereof [0088]1n yet another enbodiment, the
vacci ne 7ohar mackdit EGrl dcaerPepidkafdtiebr ém&rwt@sc@ntthat AYERL D QnSRIAN I ses an
antigen sel ected froma cani ne pathogen including, but not |limted

rabi es viltaed, ocssmapéolheflp@sg/gm@@cqlmﬂfyeredcmdm@nmamwamsexpms canl ne

di st enper iy canlne ar ainf | enza 2 ( canlne C avi rus,
Lept ospi P ldiurtth b T B PR Ch Ea RN B P He B P BB RCA

gri ppot yghesheelBohe &irhﬂeM Bsintd ekiorighaildattedet aclp mmbhhs pﬂigbti}aﬂl@fbdf.t he

| i ke, and conbi nations thereof [0089]1n yet another enbodi nent, the vaccine
or phar maelEpgl Qoéqde@mu@g pAcsired sequence can be inserted into a suitable cloning or

expression vector, and the vector in turn can be introduced into a suitable host cell for
replication and amplification. Polynucleotides can be introduced into host cells by any

means known in the art. The vectors containing the polynucleotides of interest can be
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conprises an antigen selected froman equi ne pat hogen, such as equi ne

her pesvirus (type 1 or type 4), equine influenza virus, tetanus, west nile
virus, equodnelianree@si virus and the |ike or conbinati ons Phensed10/00099] I n yet
anot her enbodi nent, the vaccine or pharmaceutical conposition conprises an
antigen selected froma bovine, ovine or caprine pathogen, such as rabies
virus, bovine rotavirus, bovine parainfluenza virus type 3 (bPIV-3), bovine
coronavirus, baqvine viral djarrhea virus (BVDV), foot and ut h. di sease
virus (FOBOYICRIGRD %SEC?}PMHY( _‘}th%Q% BPYRRTIPR IS, MBI 1 us
(PPRV) , bt ANy RRtsairiigdctib e erthatyild, URESop 2RI B afi F&dioh 3bPloyisy ncyti al
virus (BRSV), Inféectious Bovine Rhinotracheitis virus (IBR), "Escherichia
col i, PastleumaihlaideufubatiinahloPidst @lniehiphostheteo DYz dexdrad, erraghdri ke, and
conbi nati gns t hereof [00 In.still anot.her enbodinent, .the,vaccine or

har e et aa e o R b e MRS SR ELTER e kR EGER e

pat hogenin$si€ibus For Bthnde04 rdtioVirh Bebctd?). B diRiccioffidtktRZiagWettdss Sl y) ,  por ci ne
circovirus type 2 (PCV-2), porcine reproductive respiratory syndrone virus

(PRRSl), pEuidroadpeyill e fiensdoppmon fagbires ofehpbesieeli-r us (PPV), FMDV,
o BN hr \ S e b
o ¢ et o7 B et T @B loaRl RaBFheL M LRI RoARE e iy BRI g

conbi nat inahs horef eotllfI&0RAJoCansbadyehdinted immaae r3po@stio ¥icompodisomed |  known
inthe art as described in, e .g., US patent Nos. 4,769, 330, 4,722, 848,
4,603, 113cing of micregfgd/suglhy ag "mmunejagicy rospensry gncluges buf jsgf figniteg to

reconbi ngnt o AR o‘f'tHeUf%H%Ml tb‘ffeE@%Eﬁa%‘&u%ﬁoﬁ ﬁfén%oéi%éﬁ:?celﬁ!ﬁ er T O81s9€N€ of
interest to be inserte Inth the vi us, sucn as an open readl ng rame of an
ant i gen dwddon cymtdRM-cll§, D} ted spavviictlyito bh aeizea oviantigens inohidednn gregani sm i s

pl aced into an. E.coli .plasm d copstruct [ntfo whjch the.cDNA honol ogous to a
Sect i on GIRBNRNSY SertGENret: obriae. hShi al arylayBuigeHE sequence
to be i ngghbREtITSInRh@EACEEh BYspanRABPIAT rdsRen 8N RNRfEEiBA tvil 881 Oon) and
foll owed by a gene end region which is specific for the APW vector. The

gene st aenhaheadeingror aht ¢ligesal spveatyerfdhOiscdse agfmeed. $urhffirefakiend wijl keDNA
fragnment  honol o S APMW- 8. cDNA cont ai ni ng uni gue restrjction enzyne
ol oavage SRIBLTREHS e iHidion oAk T SRRl PR R o by
grow ng infledkedai@st, akpcdker fcdoaid timeanaloed loWNaxd virkieitéeia eRbinfarid isasm d is

used in a restriction enzynme digest to cut out the gene start/foreign
ant i gen/ Y948l en@®monembodiipers of thenayentien praydesdhhgenopNaADAGtageeendf  APMV- 8

cDNA and ' ' ' [ ' full

ongt h c3iop FLRPRA ek By ok ABNBS b porRcRRL B E LB e, PN EBKED i ng e
gene of jdquencesf APMVrssisifieof thd prast inwdnkisn ahonpolymiidieqpidasequdsccanteai ni ng
pol ynucl eot i des. f or exPressi on of the APM nucl eoprotein 1(\INPQ, t he APW
phosphopfastdn S EQRD Hh! s 2BKhY -Repngspic P h sluenge @5 NOAD hepdd%7 Rna
POl YTer aggycflelid AT RPN PRSESHEUSNATSEMNBANOL 1S, CO0LLRk &ialiify I
pol ynerase pronoter. The rescue of infectious virds is performed as
descri bedPMVRareom©@IaNAOSEL IeNCal 6), 41.299 sapndn@sdstivyyo ABMAgure 19A. The

expressi on of. I in transfected can b tained b
Pt or eneoin DN SRR R AT AR s st aReaER G MRINGS wbditne iy %8, ’
expressi GEE 85 383:18), 2% hRuddccRMRPIY ARIASS gﬁ@fﬁfé"lﬁﬁﬁ%EQ"ﬂUN@:@%}lCh as
fow pox or canarypox virus) expressing the T/ RNA pol ynerase or in cells

t hat expPEsscqueaccTicRNA t SIPMrEr ageaomihDARotIREQ 11A3NE420), Inko pedugnec] eot i des
for expression APIW.n e NR. the APMV..phosphoprotein (P)
and e RS RRATY PR PR RS IR 8T Rt MR ar e under

the cont ABMWR dehiemicRAI (BEE) BANO/3 P! 96RLe se@fentdRichtityas APMvrgegal ovi r us.
The rescue of the virus is perfornmed as described in Inoue K,_ et al., 2003.
[ 0094] Sugdwsse DN/ (GHQ IRINGY 381 48 Hrescunense ddatisDRAIYIVi-feerasie QNAr ei gn cDNA
or heter . i f1 ' | M '

condi 11 o By S RO i Mok BB ont o VRIS RO RRRIES 1hvBe e
genone 04 sdquenac asyst fiorth o SECQ TDEO: I, Red @i 10 ex12;i andsvarieneirfmguicabl e. The
second condi éi n.for .exEr ssi on of inseried cDNA i s, the res@gcg of a
regul at o&?reQ d@@d’&%@“ﬁ? h§OBRIBISE ESPBIR genfany syartojarpolicirphdg
background (for instance: gene start, gene stop, pronoter, enhancer,

pol yadenyl ati on signals, intergenic and untranslated regions). [0095]In
general, it is advantageous to enpl oy, 2 strong pronoter functional in



eukaryotic cells. In one enbodi nent, the pronoter used for the
transcription of viral nRNA by the viral RNA polynerase is the "gene start
sequence"wWOTha/02g@hRe start sequence” is the binding sitecrars2aloe4di7pr ot ei n
to bind and to transcribe the downstream | ocated viral RNA into viral nRNA
[ 0096] I n one enbodi ment, the invention provides for the adm nistration of a
therapeutically effective amount of an APW vaccine for the delivery and

expressi on of an antigen, epitope or i nogen in a target cell .

Det er m ndePRPEdereig nefb AP IRenr e Er Py PABLAES § Bol B baving
exper i Teptafubit dsQbt BRR IPSEQN® N&FY 55kid 1111 1 e, 8hd varldht BPRagRGRI Ment,
the APW vaccine formulati on conprises an expression vector conprising a
pol ynucl heteofle t hat encodes an antigen, epitope or inmmunogen and a

phar maceyt.ical | y or veterinaril cceptable carrier ehi r. excipient.
ot nED Sl ol et FradlBkt o theRGiERL AR praPhpasitas FEM AT RL0CRR: abl e
carrier, exuedpl€ AeMV-8e KOV 2N PV, AP S dtfaaRSkEitdndBd &ist WithinARE OVes
preservation of the vector or protein. [0097] The pharmaceutically or

vet er i na$gopg ohibe dptsan iBvadioni Ay ysedheaihithd wsmohomgloghi wrtudeserghalegst known
to the o [ in.t « e I i [

veteri nagr&} %§§%é§gﬁag%ﬁeﬁ§e§r%ﬁe?lﬁgcggsv)léﬁ?;glt(gt%(?p@ %lﬁdg?ogﬁé § éﬁﬁdl%%ep‘fa’ld%s' 9% NaCl
(e.g., sthhins) tisodanid @nimilarduphivspbatieathaid erolvdd depiraehainrmmedatd cal | y or
veterinarily acceptable carrier or vehicle or excipients that_ can be used
for met hjganigms Hicseimyvihalegs” refersdeéo pelynatlentidiss of peyp@ddegitom

pol y- (L-g i re tal or

et o o Dl e o e e R Y RS ity
conpoundNomaltyppithelags awodé pagpgpoidndsavimeihkistrat bngintilae fimdtiomsi. $he srinon  of
the vector (or protein expressed.froman inventive vect in vitro), or
o |1t atToORY RHEH e T NORAR Griqe g BO P KELptie cratsH oY KEPURER!  ( or
pr ot ei n) withRSeSndAL. ﬁ&ﬁl%gé’@iddﬂ?ﬁa% GreRhEFMcHbRC PRSRG ciftndiidgs BRPSEal
description and can al so be determned by the skilled artisan fromthis

di scl osurckatede ddhalags.cotjologst dngrpanilogs afliew kdrispicdd Vi polyieptide ean diffehout any
undue experipentation 98] I n .anot her, enbodi nent . ..pharmaceuti.cal l.y or
Veteri nalry PesuRis e MRV b AR R FRAGH T s RED T aifulid

wat er - i Nse@uéncRMilf&tRdRs, dDbIHHIE In Phrtisillaf, ORI e e ifivéition &L IpSh&aI$y | ncl ude
oi | -based water-in-oil vaccinal enulsions which are stable and fluid at 4C
cont ai ni figibif atdpass 80-85%0 891907857819 54n 0a b o BhLoc Foa? S n g Wpgaense phase, from
12 to 25; %;: 9 i t gl 4y } otal or
o part SRty Wil P D G forfhiel AR of BoblyRIRRETOR R AMIT dnb 0L |
and/ or nwilbbdlibizabingladifinc(ien.g. , vegetable oil, or fatty acid, polyol or

al cohol esters), from0.2 to 20 p/v.% of surfactants, from3 to 8 p/v %
the | att@078ki ndn protheiaspectyths Rrepefitdnvegtion proyides ﬁtgﬁ%m@icﬁ%\éf?ot%éﬂ’ Yycerol

esters, gl ggﬁleys_g Y€t _9% s 83 f i ﬂgmll)/ﬁl})é?%&her(eﬂﬁhﬁ)rﬁ%tﬁitﬁéﬂ eates, or

pol yoxyet hy ericin olls or else hydrogenat'ed pol yoxyethylene ricin oils.
Exanpl esp@dinilgdtide ianteyeish avmpleyneberyuseadion the wdyrercldonidohdviemthiesi on i ncl ude

th | at ed bi t t . I t hy] 2 bi t ar | eat
(TVEEN BUARSTES a0, P S EOdR KT PR PR cHOGHaEN: T PO GRIETT bi tan
esters (grderse20MBlchRtaiP fedeAtag oyt 88805 thaprisé R bh@nfibPAAsII Gt Al dri ch,
St. Louis, MJ). In addition, with respect to a water-in-oil enul sion, see

al so US Hibesttlednn7S%, 91gas08Wo, athecasoPadocaribendi Bt & leashdS YarlG/ge~edtai ni ng
aqueous conpri.ses..a,saline l.ution _conprisin ng. ofr, buffering
Sgents. AvREsRRRRER QT TR Bt MkitR g SORTR T b B BSITEIE b e ec

sal i ne. No:pne enbodi nent, the water-in-oil enulsion nmay be a
water/oil/water (WQW triple emulsion (see, e.g., US. Patent No.

6, 358, 52&%7§ﬁxaﬁﬁbﬁéeﬁﬁocﬁhﬁﬁf Yt B BvEMdnSIrefidcsd fagdiSfiorbed in U S.
Pat ent . 7,371, 395. [0099] The phar maceutical compositions and vaccines
accor di npelyouddeside aoendingom \e8pphipsptidsy susbrasiagrolyawislentidea¢rcpdiog aone or

nore adj uvants., Sui.tabl e adj uvan or i he ctj of, .the present
Mvent | oRoigperts TS EnERE A Fridh SEREI Rek ATsPERSE] G dheelSBinyari de
and al kemdthedaspecathaseat iivesiton (rdYidesapaignidledatchogliseapsppgside! SS)
such as ol i godeoxyri bonucl eoti de sequences having one or nore
non-nethylated CpG units (Klinman et al., 1996; W98/16247), (3) an oil in
wat er enul sion, such as the SPT enulsién descri bed on p 147 of "Vaccine
Desi gn, The Subunit and Adjuvant Approach” published by M Powell, M
Newman, Pl enum Press 1995, and the enul sion MF59 descri bed on p 183 of the
same work, (4) cation lipids containing a quaternary anmoniumsalt, e.g.
DDA (5) cytokines, (6) alum num hydroxide or al um num phosphate, (7)
saponin or (8) other adjuvants discussed in any docunent cited and

T b ..



saccharose or by allyl pentaerythritol. Anong them reference is made to
Car bopol 974P, 934P and 971P. [0101]As to the nal ei c anhydri de- al kenyl

deri vat i weOocopal2geser s, preference is given to EMA ( MonsaoTa)S0miian9 ar e
straight-chain or crosslinked ethyl ene-nmal ei c anhydri de copol yners and t hey
are, for exanple, crosslinked by divinyl ether. Reference is also nade to
J. Fields et al., 1960. [0102]Wth regard to structure, the acrylic or

met hacry]ic acid mers and EMA are prefera formed. | aS| nlts
faaRe el N DR B S SR A S DA DA R

i N whi chggo,Ri79gngkofR3y 9%'86(5116@1@@1(1@@'[1‘[5’“@ a?@%e@ﬁde@a&f@rﬁ%ﬁueﬂc@% S #Htkh H or
CH3 x = 0 or 1, preferably x = 1 X +y =2 For EMA, x =
0 and y mBEQHDMND: %ér%,cﬂrdrlsl&or-lﬁl,mta tonsg0/e08¢ Tarems apallyhevariaat.@ sol uble in

vwater or héh gl%%g %r 2 {nclzr%unosgaelnitc iy %nlljé[nt o rlscl)ng étjleast eight or at cast ten consecutive

amino acids of one of these polypeptides, or a combination of these polypeptides.

[0076] In another aspect, the present invention provides a polynucleotide having a
nucleotide sequence as set forth in SEQ ID NO:1, 2, 4, 6, 8, 10, or 12, or a variant
thereof. In yet another embodiment, the polynucleotide is a reverse complementary strand
of the polynucleotide having the sequence as set forth in SEQ ID NO:1.In yet another
aspect, the present invention provides a polynucleotide or a reverse complementary
strand of a polynucleotide having at least 70%, at least 75%, at least 80%, at least 85%, at
least 90%, at least 95%, 96%, 97%, 98% or 99% sequence identity to one of a
polynucleotide having a sequence as set forth in SEQ ID NO:1, 2, 4, 6, 8, 10, or 12, or a

variant thereof.

[0077] In another aspect, the present invention provides a polypeptide having at least
70%, at least 75%, at least 80%, at least 85%, at least 90%, at least 95%, 96%, 97%, 98%
or 99% sequence identity to a polypeptide having a sequence as set forth in SEQ ID
NO:3,5,7,9, 11, 13 or 14. In yet another aspect, the present invention provides
fragments and variants of the APMV polypeptides identified above (SEQ ID NO: 3, 5, 7,
9, 11, 13 or 14) which may readily be prepared by one of skill in the art using well-

known molecular biology techniques.

[0078] Variants are homologous polypeptides having an amino acid sequence at least
75%, 80%, 85%, 90%, 95%., 96%, 97%, 98%, or 99% identity to the amino acid sequence
as set forth in SEQ ID NO: 3,5,7,9, 11, 13 or 14.

[0079] Variants include allelic variants. The term "allelic variant" refers to a
polynucleotide or a polypeptide containing polymorphisms that lead to changes in the
amino acid sequences of a protein and that exist within a natural population (e.g., a virus
species or variety). Such natural allelic variations can typically result in 1- 5% variance in
a polynucleotide or a polypeptide. Allelic variants can be identified by sequencing the

nucleic acid sequence of interest in a number of different species, which can be readily
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NaCl) and the pH can be adjusted to 7.3 to 7.4, e.g., by soda (NaCH), to
provi de the adjuvant solution in which the expression vector(s) can be

i ncor por aveaniiihzesspol ynmer concentration in the final i mromaiSegooad17or
vacci ne conposition can range between 0.01 and 1.5% w v, between 0.05 and
1% w v, and between 0.1 and 0.4% w v. [0104] Anot her aspect of the invention
relates to a nmethod for inducing an i mmunol ogi cal response in an aninmal to

an antigen,. i ch net hod .conprises inaculating the aninmal with a vaccine or
2 ohar Rt GBS SPER GO HOONE! AAOeRaY HIESEE CERrH Rt ARG Vi r s

whi ch cogREies e8nypatll ANGRABSCIERS RN @8O ddeRAMTOIRN0 WO pPRirtbBRisARI . Yet
anot her aspect of the invention relates to a nethod for inducing an

i mmunol ogfi calatipwsthatrrse theresutt ofmiatveidl afloliawarzation ged thah danptrdlisethsoost

adm ni strati.on,regimen, which is conprise f at..|least one.primary

S nt ot PRETGR TRt et BN GOTRLer A e SlnnREiroR P a l ast one
common prlymept i de, antigen, epitope or inmunogen. The i nmunol ogi ca
conposition or vaccinewused,@n.grinary adm nistration pmay be sane, may be
di f f er ent00BBI natlihedernt Gaentipswith sespeedo seayepess ean rafer tonfer sxaperie. the t he

pri me-bo r - I ' oSt {. [ rising
Pher econpnadsf poikpflioh RRpb Y BRbL Aes s SRR SR o R FURBCHT

admi ni st eucbebtided dbromeiclo Ayids rethadhbntdr o (et tivdrsec@denads whaeihi aligh@entwfitied vacci ne
or conposition conprising an antigen, or a _ vaccine or conposition

conpr i si AP WILLSERFEN oA BIRED 1BAREQGe e Voih tae BRUs PR RN apaLeqrHamor

conposi { {WilbdNak IGARAD] The HouEHRIBSRS o LkqRbck Ifltarltl bENIS fmin opId Te- bOOST
protocol "may conprise the adm nistratlon an I nactivated viral vaccine or
conposi t segnerxesprritlsd sequatte adeniigebstwern @vonactionde srquenaep o&i bé determongat | Sing a

cont ai nseGre VPenaBio St nedhyed (P GoRERIRUBFHEAE Bl e dRFBceon of a
conposi t \an WNA 3EflcREsGBMRId & BrGkithl18r, bERART RBRL ARMIMES Mendtyiokal vector)

of the present invention. It is further noted that both the&gl mary and the
secondar joraelepy vsthNAsaguarags, duynpding €1t indhe BAYosdiquenng ipeonsatstidmsiual

conpri si th ec inant. APMV viru viral vector),.of, the present

vent ol e RS A A e RS R hensss ShShin R’ S5ePBF B o

adni ni st nathi@icendicah Be ds@ve fvérh INA 86diRhcd3asethyiaHA Ol gitkaADN@ONPOsi t i ons

of vaccines. Simlarly, the booster adm nistration nmay conprise one or nore
adni ni st Faperss e neidersdequal fanragib €Y bin- B4 sgauancessmunol ogi cal conposi tion
of vacci The L Ri i i .y _be the
sare o NPPHer onft STRPARHE B RehehCtl oo blaeslth b BRadoddi RRRRNI SR 02, 110
t he pri meacaind fohéndmweost ammaymbeolbfiealsesporne inliaf et enimdl angculded fethetht:
strain). [0106] The varjous admnistrations are preferably carried oyt 1 to
6 weeks HFaKF, Oén‘dmﬂﬁﬂs’éloﬁartﬁi: ctAcary OR heARPOsItRB e e luging (2 Di’@%?‘%?iuﬁﬁa to a
pref er regh aBdRle BRI R AR LBMVPEERDRARMNiHS R YirkiNR oith/18lycY Sifdupty- based

i mmunol ogi cal conposition of vaccine, 1s also envisaged. The aninmals are

pr ef er abdspecttofl tbastveonen, dby razbohbatant AEMY nerusfor tvirel f¢atat inalddesivgthimti on.

[ 0107] A variety. of adm pj.stration routes be ed such as. subcut aneously
or i nt r abtisenrliA yeeiom o g aideeome 4 dereieary PNA SRR P RItRI Gt o
eye dropan hitideARaH8lcin 8dled RIRla RMdeSn WHerQY thOforfpdsRBRAl dtatacfife (e -

ocul onasal, oronasal). [0108] The invention will now be further described by

way of t#dminitdreshiongheinis chpatile phipdesiagph emmupniagi Eresporsg apgsiifec to PMY- 2,

APW- 4, ang . APIW-
protein encod

gd by the pathogen.

[0082] A “vector” refers to a recombinant DNA or RNA plasmid, bacteriophage, or
virus that comprises a heterologous polynucleotide to be delivered to a target cell, either
in vitro or in vivo. The heterologous polynucleotide may comprise a sequence of interest

for purposes of prevention or therapy, and may optionally be in the form of an expression
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A. Viruses and Birds [0109] One-day-old SPF (specific pathogen free)
chickens (Merial, Gainesville, GA) were housed in positive pressure
Hor sf al | -vBaun1t/eedsat i on units. Feed and water were provipdedsadoloudii7e um and
the birds were exam ned twice daily. The viruses (APW-2, 4, and 6) used
for experinental studies were isolated fromw ld birds and classified by
the National Veteri nary Servi ce Laboratory (N\/SL Ames | owa, USA). Viruses

wer e ro at e ol d enbryonat.ed SPF c en. e unRi se Farns,
oot T PR Ao R s Fetb T BetS el gD Shtesh entioB I8 The RIBAE) | ant ol &
fluid Vﬁﬁré@ﬁé’l?@ﬁs‘%@w@i PaYiedn AdRles 'V@&@ﬂdlf@rtél&ﬂn% al (vanal ofal Re@rst ored at

-80C. The APM subtype was confi rmed by the H tTest using standard sera
(NVSL, A883] | ovidie ttygNjengificercB006 Gggrrbinatt imsass dpsignydat8epff or each

| at det d.b d di | ut f all antoi
Frotd | neanorysiis: wavamle gheh s & n s BuRbeSh! Forfeling the
met hod agnodes 69ylﬂa@le@wd£ﬁedaﬁaﬂgmﬂﬁ&fbﬁi@ﬁﬂhnah&eet al ., 1938, Am J.

Epi dem ol . 27:493- 497 B. Experinental infection [0110] Twenty-five
one- day- B084lsPF Télﬁutmﬁ@np@ﬁn@léwoméﬁﬁm Wfae@g@a ofiiatviyus GenEROBDICBéY chi cken

P%&E&?@%‘e@ﬁ%@ PRk Bt REERRI o BE FAND Rty YRGS
28 p. i .ddlgastoriindcgiehtic@ithaf redecé)vlrldSnderlﬁmveﬁeﬂy ogfmmmlwenblpe@ via the w ng

vein to col | ect. serum sanpl es, eut hani zed w and necropsi ed. Tissue
speci mendonsesepial regigp ﬁéaompﬁﬁlgereqa‘éﬁ%P%éeleeﬁér%%wc@m@@t%a For each

organ, afofrélgﬁ gev@ghépel acéagtr&fehb&ﬁ@'aﬁﬁ%éw Bty Q{dcs%ﬁﬁlt T e B"ﬁ%ﬁt of the

ti ssue sanpfle in a Lysing Matrix "D tube Blorre I cal s, Sol on,
OH) cont APMWgesultinglfrann &mst@mtlbnnedlsmlmo(l]:kmhmnsddﬁb asxsstermtwladthamdielemd 7.5%

sodi um bi car bonat e, 1%f bovi er u 4,000

peni ci | I’ieﬁlonﬁé’f’ﬂi%‘/tﬁﬁm%f‘%ﬁ@ Pﬂneséfinﬂia %nea%"l%ﬁ@pm ngneséefﬁtﬁg ug/ m

st r ept omesidh, of HRORPNOY g/é@reaﬂgréﬁ beggctﬂ $pthe)aPMire2, sreeo(ndz fabinchatldBes ti ssue
0

sampl e was fixed in 10% buffered mal i n and enbedded in paraffin wax.
Sect i onsn@fengers Rﬁé:rraﬁrarer(lénﬁem@euotthplsenecghmemet@tnanwemtwl terglcwayer S

hemat oxyl i n _and eos (a—l&[!}{n% There un% 9 3@} t di arr hea
was obsefVeY"5t alaagenfrs Mang selen ‘&g PGSR ROt A IS anGiy FeRBRR. 2 or
APW 4. {dHinAgrafRGE 9§18dted Rbfdhc bidtup CbadstitigtdT nudiBdploishomed slightly

enl arged pancreas at day two and four after infection. No other gross

| esi ons DkaseheseiemEd miriapipicyr GYp. fugoneied) Ggyando112] The hemaggl uti nat i on

(HA) and t tect virus
i &l antar b AR AR h AR Libda RS T RESIEE LlofR OOl et od
serums alasphte& upS’t&Smafﬂthe/HP)genér he ahethéserigydemeanitie abecksdniabtegivgas d
procedures ing 0.8% chj cken red bl ooﬂ\ cel gs resuspended in PBS. The H

test was 0{5‘@?3 devatireain Qe Ligens dayslangthick smBediment Hiq ipBRssqRtial SeEIOTESght  HA
uni ts of, ¥ a&dla%er A GRSl Qs KA, ﬁ@h&%&'&hgw e@egé&gc’éé%loyrﬁaﬂ's

antibody titers re i vestrgated at day’ 2, ositive
H tit erbe { reglonli@wewr NP ohd Breeeds, betwsen Brand Mrpéres, wfiwaRNM-@diFdeacs,@d bi r ds

o 950, TRk RSPt fr i PBSNETY B il B e eSO

consi der gd n@ﬁes@&ﬁial regﬁnﬁuay Begmtth@ré‘g%ﬁéﬁl&feoha@p&rﬁ&rsum% paolapsord p. i .

Simlarly for two chi ckens out of five developed a H titer of

1: 16, ;{S}/ 00ﬂ30c8éy41@é -p4P8. 6 1IN0 cO3BATIUb a8dd2.Bild fis 82&%@&@@1%@5@%2% for Hi
ant i bodr gﬁ B thr ee APW used in this experinment. In addition, to

excl ude (85 nt amnation all sera were tested for H antibodi es agai nst

t he ot hepoo8sp arlh @RS RpebtrBativestormnagRteVAPMY cMhieks ih $blicht dnefpart or
the full gene or several parts or full genes of the APMV vector are replaced by similar
genes from other viruses, in particular those belonging to the paramyxoviridae family.
[0086] In one embodiment of the invention, the vaccine or pharmaceutical

composition comprises an antigen selected from the group of avian pathogens including,
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[0114] The tissue sanples collected in the Lysing Matrix D tubes (M

Bi onedi cal s, Sol on, OH, USA) were honbgeni zed tw ce using the Fastprepc)-24
(MP Bi onewiDcal®226361 on, OH) at a setting of 4.0 M S for PRO/USeciondH 79

Fol Il owi ng i ncubation for 15 mn at roomtenperature, the honogenized
sanples were centrifuged for 20 mn at 2000 g at 4C. Sterility was tested
after inoculation of 50 ill of the obtained supernatant in 2 nml tryptose

hos hat bro PB Dl ect on Di ckenson, Sparks,. MD, USA) ..
R ooy oo e liitd oo Qy Geb vt ST g, Ditepes BRhitisr bi t a)
shaker oyerigos, NéWUﬁSt% BlskdR V%I%E’Pﬂi@si/&uv@gedr% k}ﬁﬁ?&ﬂe WriEDSAS0d am syri nge

filters (V\hatman nc., Fl orham Park Sanpl es were stored at -80C.
Vi rus i shifertioonBwesl lper:afservn'ed (IBP Y n bfedtmus daryozo@acherids vims G0N, atidrant oi ¢

cavity of , 9-da onat ed cken e fter .i.ncub for

Chr ee” dayfonay o aferF SRR T Y [ing Bl SHE vul SECT B IPE o ¢ e
pr esencedwik faarrmagisUivinainfenAGkhg] AMY, stith as ABMV-1, and the like, and

2011/ 022656PCT/ US2010/ 046179 [ 0115] To anal yze sites of virus repI i cation,
several empeindliqusihegerfa, | ung, gut, pancreas) were anal yzed for infectious
virus b S i

repli ca%/ UY)%J}Ul r&gg!\}\(glsl&o&?wad% gﬂ%&gg@é&& %gl\?vm((% degﬁ%a‘rf]g i eﬂ&&%ﬁ/ 4 was
recover egh mlgdﬁyelactéct fromta anhepathbgmg;uamﬁh paneot ¢iasitedho |fellﬁH31M1/p@VWEi§

isolated from | ung and pancrea ay. 4, APW- s i.solated. fromtrachea
and | ung&HRY) éelmpwdlevm(mss g@tlea etﬁaa\rltuSt(E%Iﬂéhm@tﬂgawelleﬁéef&tlemﬁe gut .
At day 7 P SRV s isol ated
fromt hew;génm);s&ﬁﬁlqae APIW- ﬂiﬁﬁ\@ag&lﬁgo at eogl ?ﬁotr?tﬁ ungr%g @BM;nréPl\eégs sanpl es.
Sur pri si ighsy andathe diiky, ahdqombmanlonytheusfwas i sol at ed whereas at day 28 p.i.

APMV- 2, d 6_coul e ted fromthe ncr eas iru sol at ed
 om oo DOBRE . 18 St g e b DA s e Rcbing P PR B ichgr o b oF the o
confi r megkednt Hveh@st cdtghriigs 81 AR AcSOEA 1B PEAYIARIYRAN MeRidind, @4l 6] To

eval uate the pathol ogi cal potential of the investigated viruses,
m cr oscomtdmnddég;r@h@s vhus, lseniobherperadrus (GENS, caeing parmlvyze@li\ﬁ) guriec 2) At

day 2 p a _catar tracheit. to ciliar S

oY o v o st T (RO, KRR Fastib Rl 2HC PR S ot 1P oAl oo

chi ckensecanbol@dayepospiri icterDiWhArddIhE TepPsSiRd SKERByFOONBbradlial NCr eased
nunber of hypertroph| c nmucous glands in the trachea and focal ulcerations

of the r@%ﬂ%ﬁtr@rlipré@ietlmétqne/wepwdtth@rlﬂ@ctté’ommbl%loehtmé@ changes highly
suggesti ypsef arf g?tpeinoﬁlteﬁ&%b{) LGt 'tﬁ)enva%?lﬁ?oi’"ﬁh L ?&wé‘l%ﬁl 11%10 mldto
mu oC and a

noder at e |f nphocytl ¢ pancrea SO a ALT

( Br onchusoriystses amaﬁogehyalpbmd trofii &stg)indpapiergoh asicia agtquileyhadp@virus (The
i nvestigation on organs_of APM-6 infected. ch1 ckens reveal ed traﬁ:heal

changes Lgetyrgd) ’c?&t”élF IHEHENZH YT B8 WSt D XY elEng Aderyy iR @af ¢

pancr eat j;td & dodhinfofs BRASFstent with a viral stinulation. At day 7 p.i.,
APW- 2 infected chi ckens showed focal tracheal attenuation or replacenent
of respi [0400F y dpiyttbihenembodinmgng dtd weeciof ohplmmlageutiBalrcdmponitient ed with

APW-4 showed mid tBALT hgtgﬁ IastPa .whi | e APW- 6 m; ect ed rdsbshovved
cystic efTBMGSAEhINIEHSHCEAIOM § PRVIAH VISP HHRNAC REOGFR ISP pEPICY 't he

pancr easyirkNb&ddé tdtAArds CbdVinChdr i ARNAEY Virfs 8t 8H(bPIVE3 RV lcBroEiNitus

hyper pl asi a, APW/-2 infected birds al so showed heal i ng changes such as

t racheal b@tuneemaettdmrheamrdegB\iDVa foot andgaenth drspttseylms &MW JeRadeinsstect ed

W th APM/— d est Ipp raI t| on_such as mld
Mt er ot 1 U7 REN3 PSR FRI R HOS R DR D) milibln SRR R Bp, st
at day 1H0Vﬁnd resﬁtdtoﬂyrsye@&iagatrMEﬁmm Bﬁec@i@hﬁBBQﬁeRﬂﬂiﬁtﬂaﬂﬁ@ﬁi giduschi cken
showed | esi ons such as GALT hyperplasia, |ynphocytic pancreatjtis and

| ynphocy¢BR) Wessheinig eolatPadtgyreﬂs myljocidpg Pagdgurolla fiengdvigsia andéhe bl ped gr oup
showed a tracheitis which could be attributed to

envi ronn%drﬁl]%ﬂat(g%?}grg@ [0117] Figure 3 shows |low H titers (up to 1:32 at
day 14) [009m SPHn efill eketha dnifodhad, the ticcARRM-phaonacAid4 Gormpebitiat i ng t hat

only APW-2 infection elicited an H  response that coul d. be characterized
as ser opgEiRyRan R@tﬂé’PtSﬁléFtéé oy} poreie PAhRER el ajiut npei \Fi‘éf‘@ds"f’tnﬁm t he

infected birds' trachea, |lungs, gut and pancreas up to day 7 p.i. and from
the pancreas up to day 28 p.i.. Infection with APW-2, 4, or 6 showed
characteristic histopathological |esigns (sunmarized in figure 2) in all
the infected birds, indicative of stifrulation with a viral antigen. The

viral isolation and histological profiles of the infected birds clearly
depicted the tropismof the viruses in the infected birds (trachea and
lungs fromday 2 to day 7 and gut, lung and pancreas fromday 7 onwards).
Al'l |sol ates were detected in the pancreas up to 28 days p. |. but Vi rus

o o, . L, o o o, T 1 o



(Metzer Farnms, CGonzales, CA USA) were housed in positive pressure Horsfall
Baur isolation units. Feed and water were provided ad |ibitum and the

bi rds werwoesam2eesd tw ce daily. The APW-8 virus (APWPBT/USGMDS4d1» MA- 7)
used for experinmental studies was isolated froma nmallard and classified by
the National Veterinary Service Laboratory (NVSL, Anmes |lowa, USA). The
virus was propagated in 9-day-old enbryonated SPF chi cken eggs by

inoculatiqn via.th | antoi c.route. Al i.c fluids were.harvested at day
o ter IR R AoBIEe CHF PHUSIERF DR Cro Bkt TP G e AP- &
subtype w&sir4eR syhimehcBirubiPRRSS, pS&hidesibig velus (e fl pefiiee RsvaviNieied) by the
Nat i onal N%Z%e@?rfgry Seervliucg Lab%)lrpatory (Ares, IA,}j[Ij%A)l. I%E‘é IIEI Déo vv)as

det er mi nENIDY, Mropldsawingpranfoolad, Eersipalotidix thuisiopethate, Biiteurtldi ¢ fluid in

nmb SPF T iter. |.cul d | ow hod
Gascr | belti iy e i i UEREH CHse R Ve S848 g hepiP el o

i nfecti omefdt19] Twenty five one-day-old SPF chi ckens or Pekin ducks per
group were infected via the oculonasal route with 106 ElI D50 per bird

di | ut ed [0998BS. (EBinsuction of rReopbitanbyirehis svedrkngrvndn gie gt sulsseieicd ek
i | i Fj ' | i -t he brachi al
| nocul at ggl,ﬂest té?ll?%os.d’é@pfieoé?lﬁﬁﬁrg%‘ ,@é‘é; 1?%%%%@5%%%%7&;1% € brachi a

vein to serum s uhane ut ani z ahd necropsy
was per f @r7md7at Spastficaflpw recaabiannt ARMM dars madbd suastycted @htvodays. post
infection (d p.i). Tissue specinens of the trachea, |ung, pancreas, and gut
( duodenufyStwle €t iBterestito tegpseatse intg thparirusasych @8 gn gaFT Caing f®mMe A sci ssor s

and for Cﬁpﬁgig%? fid8eeh A \f’-1R@ﬂ\@&rkﬁﬁﬁqﬂ%ﬂé&%’vﬁué"@r%tﬂér%?%ﬂ:i%ﬁ igpfax&i ng

Matrix Dt MP Bi onedi cal s, , , USA) contalning viral transport
medi um ( Midvhn EXofiphismid cessgeacttintalwhreldihe mDNA 56tms bgbusntobi catidoofadRNALS M

HEPES, 1% fetal bovine serum 4, 000 enicillin,, 400i Lig/ mL t anyci n,
B1 L1 o mLoGEROOAY PO SO NG EDRTs SROIRHE L BOUNG RESCAc! n

sul f at e) py I BRAGOREIN A dneQtart ﬁagioh) SRHURISREP b aWRAe EdduRPionWHkOYesbuf f er ed
formalin and routinely processed, enbedded, sectioned and stained with

hemat oxysricaifigrfar oMY H&EYr. The g¢ne stertifersign dndige/ @aROnHHANAifergownsanpl es

col l ectegd i.n,the in trix D tub r eni zed twi ce usi t he
Fast Pr ep Y B SENR LR oy bigh s B APEY & AEUB Ui WhSCBidhd  The
honogeni aggneamles Wk ercnesuaiesadmid cbhstrichisaher SpNfiRIMaEahifgnand t hen
centrifuged for 20 mn at 2000xg at 4C. 50 pl of the obtained supernatant

was i nocficati dactpiia sndysolgtedy Npw thgcempippeilenad iniscH 11 @ osSHYWOBICAEX®E buni n
fol | owed (hy..i ' ' orhi t al i gh: f
Srer il Rt ER ARt el st ole b MRREPLAR R INR TR BYERIMENG el | 00 ¢
(What mancDNa. jomdbaguls ©F AP €-8S¢N adindthis BQgmeM ik ligated dlt@thcaippwpsiaedy f or med

by inocul atiao f 0.1 mM intq the allantoic cavity of 9-day-old enbryonated
SPF chi CRIQ%VGQSE;@.lenﬂfht“éﬁnSWGEétp%\ﬁ'gf- or three days at 37.5C the allantoic
fluid Waﬁmbé‘meﬁth%%m%lg%he&hﬁ%d‘t ‘a%ntﬁfﬁﬁlr?%@g&{bc& iRfer LRRGLUELED Ftd NO

. DS ogy [0121] The hema HA) and

activity by ero glutination (

henmaggl utdlisatangnvitnpladnids oontéiding podwtuslondes fos exprewiodatidlot APMNIS i n
allantoic fluid a 0, an e th resence qf H Lbodies in | | ected
zer um SaiHeOrotra SR BRI PherihaBo B R aRand i PG RE helimatie i
procedur sy s hdlic &7 & HoGkERadce A IIA PAY aBVAToh8RKELRE AR It B0l Je HI
test was perforned by the "dil uted-serum constant-antigen nethod. Ei ght HA

uni ts of thgiTr7atolgmeraspeprometes. Theadsdugof edediiose virns Wipctfoimaet astlescrisdnet ri c
mean tit Egm\é\éébgr%%ﬁrerngt%?gl@ aCIil 3§ rsflobv%i iPF i%ﬁ/geolléil. )i"hg Eesgﬁjt*g?s’ionlogfzcgg T7
RNA polymerase in transfected cells can be obtained by different means including
transfection of plasmid DNA containing an expression cassette of the T7 RNA
polymerase, recombinant virus (such as fowlpox or canarypox virus) expressing the T7
RNA polymerase or in cells that express the T7 RNA polymerase. In another aspect, the
polynucleotides for expression of the APMV nucleoprotein (NP), the APMV
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[0122] Figure 4 shows H antibody titers in SPF chickens and ducks infected
w th APMV-8. Chickens and ducks were oro-nasal infected wth a dose of 106
El D50 of wlMt1B2263er a sanpl es were collected at day 2, 2CTUS204/04@ne 28
p.i. and analyzed by the H test with the APW-8 antigen. The H serum
titers (in log) are shown on the left axis. E. Pathogenicity indices of
APW-8 in chicken [0123] To assess the virul ence of APW-8, the

o gant 2 abRsRNaE R e Ve robobe o dcedindl Tt slliA "G dense
virus. The yiBahdeadrd oMhe (MERYidtde£R) fﬁ&%ﬂte? @{M%n%%y%%egal%ﬁﬁg The
descri bed previously (Swayne et al., "1998) using a serial dilution of

APMW- 8 f resencidthe vihusos gérfdrdncd as [dosc?ibpd helndue Ky of adlafd@n of the nean dead

time ( LN enbryonat ed eqggs wel |l as sses nt. of e

ey acer M pAPRSSA! SivERRaE I Fras e aP FRGES MkviehERM N et 1 or
the pat hpgeotigoys abNAP@yvmdmsaiﬁ\é\hﬁﬂfeam@eﬁhs teQuirberwbntitiogstFiKOMiad ed eggs,
none of the enbryos of the inocul ated eggs died after the 7 day period and

t hus t helnA@RRD guissly iatradecsd ine adpgies iof thegeaeme ehthe yamp & Orﬁﬁ@hbﬁy‘fé%ence of
Virus wa ik i .al | ic £l ui i.npocul at ed
ut ot gB B fbrn Qb B e ShOR dohi B BB Gslohitr I Pef BRI Shoved
no cli ni galpratgrsofavesulttory eigaatceatlionng ickpressimubfithigeriennalie ViedPl val ue of
zero which resul tfs in a | entogeni c phenotype. F. APMW-8 booster vaccination
[ 0125] Tebpckaruad (fopmytagps 2ops sREneNE 810PgPBNSieshanss R wdlenylatighe

ocul o- na§g1l,ar¥%gﬁgfgemctapd%ggal\%it re%%'hs oird. Birds of the control chicken

group wer i'nocul ate P he birds were infected again with the
sane dosi098] days geddrdr it tihwedvntagtouis nd emplogra. strdhg ppmestentoectafnal mf ect i ous

virus was nonitored_at day, 2,. 4, 7 and 14 aft he first. i nfection and da
! i 4 SpRpie R L bt reiuop i B Sy b Ptk Plint BF Stoa vo

2011/ OZZQM{, Mﬂa@k@ﬂ@%glglmerase is the “gene start sequence”. The “gene start
sequence” is the binding site for the L protein to bind and to transcribe the downstream
located viral RNA into viral mRNA.

[0096] In one embodiment, the invention provides for the administration of a
therapeutically effective amount of an APMYV vaccine for the delivery and expression of
an antigen, epitope or immunogen in a target cell. Determination of the therapeutically
effective amount is routine experimentation for one of ordinary skill in the art. In one
embodiment, the APMV vaccine formulation comprises an expression vector comprising
a polynucleotide that encodes an antigen, epitope or immunogen and a pharmaceutically
or veterinarily acceptable carrier, vehicle or excipient. In another embodiment, the
pharmaceutically or veterinarily acceptable carrier, vehicle or excipient facilitates
transfection and/or improves preservation of the vector or protein.

[0097] The pharmaceutically or veterinarily acceptable carriers or vehicles or
excipients are well known to the one skilled in the art. For example, a pharmaceutically
or veterinarily acceptable carrier or vehicle or excipient can be a 0.9% NaCl (e.g., saline)
solution or a phosphate buffer. Other pharmaceutically or veterinarily acceptable carrier
or vehicle or excipients that can be used for methods of this invention include, but are not
limited to, poly-(L-glutamate) or polyvinylpyrrolidone. The pharmaceutically or

veterinarily acceptable carrier or vehicle or excipients may be any compound or
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swabs using 9-day-old enbryonated SPF eggs. Anti body response was nonitored
by H titer of serumsanples collected at 0, 7, and 14 days after each
vacci nat iw0.20{1022&hI n order to investigate if a second iPemuUs2@aian woul d
al | ow devel oping a nore sustainable H titer, a prine/boost schene
experinment was perforned (Figure 5). On day 7 after the first infection,

all ten birds showed an H ranging from64 to 1024 (GVI 207). The titer

declined at, .14.d i. after e first infection but i.ncreased

af ter t hEPRRYBION @ﬁ”fceelppwﬁafﬁmgwn&aheaﬁdpam&rﬁm Gl CPERRIGh. on day 7
after thghAQS r¥MGHI RO vedthiSin @) BEf8RRRM AR YhddRGhERIRd agai n
to a Gl of 73 at day 14 after the second |nfect|on I nfectious virus could

be i sol aprscriatom af thaestdr (Qwafb@llét Dd@} apd dgye1r@liesdmy hemth dlsguseed(in/ 10)
bi rds af er th i rst.inf ct| r th nf ecti.on Vi rus was
Lol ot ot st desbihisn il ik Ao g hniniE0s BRRcadr &b M ot v vl
RNA by Riisf6dtré 6hd 70 dhguisteionclithiome Rhowiead inRhA it Withdut afHEn&RNP! es was
performed after honogeni zation of tissue sanples followed by isolation of

RNA by u%’im@ﬁﬁﬁ@tlﬂlgh Pure RNA isolation kit (Roche, Mannheim Germany). A

pri mer ng the
Supercri @it()b? (I:I}]%métﬁ y@nﬂ;@%ﬁﬁﬁﬂﬂaﬁn&%% (;iﬁ\%%@l a‘gf} aIRI\PP %H%JH Ig’Carl sbad,
CA, UsA) epioqhbmwmg:htdtemh;n bt bwedtdransiladmulfien. nBErathgies uﬁ@ﬁtabrmelt@bhajﬂned

reacti on products were analyzed on_a 1% agarose gel. (Figure 6)._ Tracheal
tissues fBrlsiopsrHidgolldhasedwater-in-pil yagcgh emﬁ%smefﬂnﬁu@ﬁétabmanéﬂm%m APMW- 8

| nf ect ed4<@&h§alﬁﬂng frSh-6 tli% JJ« 554 AfiEn- @Ge’fg% aﬁ‘rﬁg?lf%gb@ ﬁ’\lﬁo}‘i@ﬁz fr epar ed

for RT-PCR cont rol was pr epar e reaction
pr oduct s2ietvessiegarsdtte 84 orv & o]f ab % lggasosmtgeing i toealm nepaofa hbte fr agrrent was

troll ed .usj he 100 | d d Bi | b t MA,
s . O e iePYutiBeeh (o siiacr By st © et inE b b gRE o&gre 1
O' I gonuc|gRtdbtesil, bs eftyfR1d, BIhyBEs dl@hol %@ﬁﬁ%ﬁ{ @ Qreo o BW S, sENMtardls, t | ssue

anpl es NameSe uénceori entation Locati OnA SEQ I D
T vﬁ(@@hmlqm@esw\metmtalam [RY WﬂRGM“SNPﬂher polyglycerol

ant | Sons oL B9 S H0! BT IR Pt QR B0 RO AT R OPee PO e |

chi cken agd olldekslse hydrogenated polyoxyethylene ricin oils. Examples of surfactants that
may be used in a water-in-oil emulsion include ethoxylated sorbitan esters (e.g.,
polyoxyethylene (20) sorbitan monooleate (TWEEN 80®), available from AppliChem,
Inc., Cheshire, CT) and sorbitan esters (e.g., sorbitan monooleate (SPAN 80®), available
from Sigma Aldrich, St. Louis, MO). In addition, with respect to a water-in-oil emulsion,
see also US Patent No. 6,919,084. In some embodiments, the antigen-containing aqueous
phase comprises a saline solution comprising one or more buffering agents. An example
of a suitable buffering solution is phosphate buffered saline. In one embodiment, the
water-in-oil emulsion may be a water/oil/water (W/O/W) triple emulsion (see, e.g., U.S.
Patent No. 6,358,500). Examples of other suitable emulsions are described in U.S. Patent
No. 7,371,395.
[0099] The pharmaceutical compositions and vaccines according to the invention
may comprise or consist essentially of one or more adjuvants. Suitable adjuvants for use
in the practice of the present invention are (1) polymers of acrylic or methacrylic acid,
maleic anhydride and alkenyl derivative polymers, (2) immunostimulating sequences

(ISS), such as oligodeoxyribonucleotide sequences having one or more non-methylated
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[0128] I n order to determne which viral titer would be sufficient in
chickens to detect a seroconversion, one-day-old SPF chickens were infected
wi t h di f fwoentr/desses of APW-8. The birds were housed agcCuaamsesiobedd7above.
Ten chi ckens per group were infected each with 101,102, 103, 104, 105, or
106 EID50. The virus was diluted in VTM One group was inoculated with VIM
and served as control. The birds were bled at day 7 and 14 after infection

via the chlal vein. Bas obt ai ned durjng th i cke
exper | e Cu @ L P PERI YRR bR A B EL oy F i B Bhrount o
virus. TEeT bR RRcHRYOMASS TEOSERCEE BesibRAThl Sibunfand AQjFLPBO per duck.
One group was nock-infected with VIM The birds were bl ed at day 7 and 14

af ter i nAppioadn puiblishddeyl MgPeretlh M TRevmen (RiemanpBass WES, amdathﬁzeadﬂﬁlm t he
presence |ru eci nti bodi e s .descri.bed abov

et or m nafsa el beR BR R ST Ry . A eblon iSRRG « F858Pbur 1 ng ¢ he
exper i meghfoniugh &, elgcaimsl(g)rtgrtmﬁeg @aﬁmﬁ&nlh@dﬁinmrm@ﬁdmduc ks. During
necropsy, three i nf ected chi ckens shomed Sll&@fly enl arged pancreas and

i nf | amedPhpspersm wpodaypr (frtheradityants giscussei ariacugesisdtel esd ons wer e
b d; | | d 2, 4,
obser ve g{)‘?gp%e&éﬁ%?%m[c%%ﬁt%ltﬂé‘g%@lﬁ% pg?étfoﬁlé {ﬁ?ﬁfé&nﬂﬁé@ﬁ% ned at

7, 14, an I'nvest ersin eserum(Flgure
4) Serunm;&ampﬂ&seo(ff APM/—8 i nfected chi ckens showed positive H titers (>
16) startln [ 5/5, GvI: 111), 14 d . (5/5, GQVI: 48), and

28" d p.il ﬁv 5, awoﬂaztsyvatesmlﬂ%laﬁébmcw capagilly afpﬁm@&@fécfoméqés al so

showed p \: S P@}gg GvIr 28), and
28 (4/5, Q&Itérls C%F'HEF’%%GP%T éﬁl-lllqu t e?fﬁn%%é“ %32 tépO(Zeg!ES@?&r chi ckens,

while f omophanml oulmacht anggalans, sfilndenc] 61l resuBhg fRimathd dlgoulcat&dnifr ds r enmai ned
negati ve i bodies to APM/-8. at, al | oints investi. ed in
Doth! o etkeles .5 IR0 € feddhe AS o idst alsphdTE bR &S EEE R RS i Dcens
and duckgmoupeyieh ad vleB®RSoilst étﬁghﬁ@ate | g4l erfd wcaﬁwat@aamt@ﬁs) wer e

anal yzed for infectious virus virus isolation in ermbryonated eggs
(Figure gl)'cerphtrlécmpcskietn@aprmﬂ/wn@pmsleneglwelr@dleatte, @ edteps ¢f branchad.tfegchea,

| ung, an denu at e fro anal yzed
o gans. RPIES SRy geftafly Repar el Te G e i EbiRiionn® eae.

14 and &ﬁul@lfﬁrd to fBn Wh EMEISWRS THR@hall§flert R RMOnUngadurfablanié] §uds avas

i sol ated fromshaminocul ated birds. The identity of the back isol ated

vi rus waesterpaf o he@npyiang sqrbigan, a@m@eé@ arddy drosupaitelolestveldetoby NvSL. No

f I t; t t
Yl vl 20babes HERTAMNah gh G, RRIAGHER BREL HLERE R AY e pol
Ther ef or kydréXysReRc peidsBail eserebdesogivadllpathedylated! drpohfddypdpgleacence

i nformati on avail abl e to de ect the presence of viral RNA in the collected
tissue sm@@ﬁ(ﬁqn@&f)@o yyner Clzs aucgl 4s Riyrogic, Reallak ég’coé‘étﬂéf‘dtyl’?flt)he trachea

(Figure Sluvay olgﬁ\grspg\fé%rgﬁ’c% 1¥"@fv'e§ t@%olgmgrs%f 'crdékl'irﬂéed B%ll%? nféﬁ{agﬁith%d in all

t he organs ana , 14, “and RNA“was detected only in
t he trached mmtldlhyr[gossmkd@l@ mﬂyaﬂgean\wth@btoésmm cbrrpmiryacbcroglpalss Thkesarock

i nocul at ed bi rgs di.d not resg i n g i fication lo% %Pj? % agment
whi ch |t RRR0ES PRATGHEES S MABREAEOTH § RALRERRGL" b g3 athate the
pat hol ogbaakkiRed Bitht @ c@h akd eefbn¥asti BAtRNY R1999,460 NOhieh §8RSdes such

acrylic polymers crosslinked by a polyhydroxyl compound having at least three hydroxyl

groups, preferably no more than eight such groups, the hydrogen atoms of at least three

hydroxyl groups being replaced by unsaturated, aliphatic radicals having at least two

carbon atoms. The preferred radicals are those containing 2 to 4 carbon atoms, ¢.g.

vinyls, allyls and other ethylenically unsaturated groups. The unsaturated radicals can

also contain other substituents, such as methyl. Products sold under the name Carbopol

(BF Goodrich, Ohio, USA) are especially suitable. They are crosslinked by allyl
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were anal yzed for the presence of mcroscopic lesions (Figure 8). At 2 d
p.i., amld nultifocal proliferative tracheitis was observed in all

i nf ect ed whi20kién22656 The renmai ni ng organs showed no dif f elPemas2a410/086129 cont r ol
group. APM/-8 infected chickens showed focal attenuation or regeneration of
respiratory epitheliumin the trachea at 4 d p.i. as indicative of healing.
Additionally, the birds also showed mld nultifocal |ynphocytic
pancreatitis which i cat ed ral infectian. |Infected chick owed

P angee. 1R iy 2! Sty Pried Bhondnigastbeaces Tus & COBAN V2P acheal
changes siypya7gptarrhal tracheitis and nmultifocal |ynphocytic
pancreatitis. These findings are consistent with an antigenic stinulation.
At 14 d [10]] t r dettedhe mhbim@yd@tsalkcrehﬂewattﬁe lvepdlymgrsapid fquenvenegivee

obeor vedt ARSROL R R ERE ARGl g PRI B R bR TgRe ' " e

trachei t ¢gpodaerihhdthenbey, fdrleia TeecrobskyEsly S0 emcof RéBRntOsaoed
chi ckens. In infected ducks, tifocal mld |Iynphocytic tracheitis, |ung

changes it ©rksFicldsat abﬂ]e%ﬂonl a) and intestinal changes (|ynphocytic
enteriti re c | ent with
respirat [?r‘t(/ﬁ\fnf efgﬁﬁgér’%\égétro ZSE%%%% a eazf\bﬂl.cp&irﬁé.’tﬁa&w % acf?({p:&g%%l n e?tl\g‘g ducks
showed | yaphdepbiycfotmeatbhebdsicurdnrhapapehetllotvig: oansliast ent wi th viral

i nfection whereas the observed catarrhal tracheitis was a suggestive of
healing at 14 df.i.. In add®tion, infected ducks showed a |ynphocytic
pancreatitis at ‘14 d p.i.. Later at 28 d p.i., in the lung of infected

ducks a BALT hyperp I S d mul tifocal heterophilic tracheitis
were noticed. " BOt é'lt"iha al zrdp&r)')é'é'opl c lesions were indicative of a

viral infection.|In the nén |nf ected dontrols no changes in the exam ned
organs were obseiygd. J. Detgsgynation of the mnimal dose needed for

i nducti on of an 1 mMune response [0133]1n order to exam ne the m nimal

i nf ecti opsygiese which is necessary to induce a seroconversion in chicken,
tenfold dilutions of APW-8 were used to infect ten one- day-old SPF

chi ckens ( Fi gBlandR2, michtdae beithe sage or difffgrentnicpresopitéoi€Hd whi ch results in
a threshol d of sjdered as positive. The serum sanpl es taken at
day 14 p.i. sﬁoml(gd}ft?a%fel%gg Dgo of 103 was sufficient to induce an inmune
response in 44%0 ehl,ckegns+wht 2h was considered as positive (GMI 11). At day
14 after infection with an EID50 of 104 ni ne of ten birds showed a titer
>16 (GMT 34) ForgMans sdandry weeAd 1 erhosesror =305 1and 106 i nduced an HI
titer of at

respecti U’g@ [01?l %ﬁ%&%ﬁdﬁgﬁé {btlll?ds}é }Igg%tgfoy%{yg ?Rg%%% SO\?\%}% #ect ed with
APW- 8 sNa@t)iangthM pHh can blosBudtdb (7. Dfo 103x.peby MdadNaOH),ctoqaremeceﬂmf El D50 of
106 per g ure. 10 %x out .of ei(%;zst) ducks devel o g, i ficant
titers ( ssjgyent SO IQUGRIny iigh Mo pkBESTIOR VAT SSRNT MSPIPPRGH-t P PREESE| on wi t h
an_El D50c@icediBHoRiif the fial faduddloickl or@a&n‘i’é%‘dﬁ?pdsﬁfo%%ﬁgar%%tbgtv@é%n'5'@50 of
105/ bird and 7/8 ducks infected wth an ElI D50 of 106/ birds devel oped

si gni fi camt1.6%twivsbgtwi@) 0.0p ehd &7CGNF, aifd tictweend0.23nd HeSpeit.i vel y.

Exanpl e ermn t ion o e.full length se n of , APW-8 [ 0135] For the
ot e m niBEh o iR Aol ohhE ineution SRt YoR SRR Br B Pla a. sequence

i nf or mat 1n%uﬁcﬁoglaaltre@bh% ineAdafnal T®ak Ehht%vﬁ n@hlch Iﬂﬁbtﬁ’o&@)ﬂq)r@ts nbeulvtingal

genome was cloned using a Erlner T, see table 1) which

cont ai ne@eanue@eﬁ@raatwmgeqa@ prandgetecd! @ﬂmmﬁsttqnamledlegm nces of APW1

A S L S A A R o S T ST e R T ety
al I ant oi eid hndivall. 0&t agoth&reaspbag bf Perievdstibn rdatkatol omethibll fdrRﬁ@tttﬁlg Aannhei m

Ger many), The sequence was anplified using.the 5 RACE System for Rapid
Anpl i fi CHRUNBRPIEICH BRIRORISIE 2y8nENa) fo o0 ptgCRY ¢ paaerboc)ﬁtoqdrnawswgﬂqrhe

manuf act f‘ggﬁﬁens, v&}h'i'cﬁlt i U&llnblng%i of %?}é%t%lne fphﬂﬂt??@drﬁm%aﬁor? Qﬁ(fiét']&gt o&el el uted

booster administration using at least one common polypeptide, antigen, epitope or

immunogen. The immunological composition or vaccine used in primary administration
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and cloned into the Topo TA cloning vector (lnvitrogen) and positive

sel ected cl ones were sequenced. The obtai ned nucl eoti de sequences were

anal yzed wo 2an/mpdsast search agai nst the NCB1l dat abase whirais2eieswived i n no
simlarities. A tblastx search against the NCBI database showed
simlarities to the nucleoprotein of 83%simlarity of an Avian
paranyxovirus 2 (APMW- 2/ Chi cken/ Cal i forni al/ Yucai pa/ 56, Genbank accessi on

No. EU338414) and of 56%.simlarity_.of an Avi an ranmyxpvirus 6 sfrain
PG B B S 20y B BB Mot GO Db a o DR TS SSB8 SLr ng € hi s
primer, {hReripfd KRt ﬁ}%{d@bf‘(ﬁftH@Iﬂ%@QtiM@%_c@HﬂﬂbﬁM&gomc@ﬁetcbl%})ﬁ'sin i System for

Rapid Amplification of cDNA Ends Version 2.0 (Invitrogen) ' - RACE
pr oduc edreapmbimpniokP Mt elys 808l Ypptofrr eighe nteseritsivegtiothissidimaribieiagufellowedy

sequencebi for mat.it%z. was obt a'gn%d based on sequence. information fromthe

pr evi ous %Q’ﬁ&gﬂ’&%s {oRiPT AR dNASHEHCY XL SPEF N RSO HieR P BIR S e By

ol i gonuckeiichdss valfige or cafisbsfontdenprisingla GBHANEH YRR, ahigRniiereDNAed by the
5'-RACE nethod. The 3'-end of the viral genone was obtained after ligation
of the RMASWidtcaine RPOMPyE S| thitenaFs@Ir KRresics bapigen Thikevisgat PIURCT eact i on

was puri{ | i ] I . F | | . Ki . d an RT-PCR
was per f%éoﬁg%%%??gg%ﬁgg%%%g? &]ﬁnﬂ}%ﬁgﬁ gk g%ln%%}\%ég {%%?%\%“e%%ea%l ati num Taq
(1 nvi t r oganpositidhecoatpiridinged «abith, br agasiie sasnpboiried compasihfe sgioka. 1 vect or
(havitroan),and,sequenced. Thgﬁg pl asm ds fraom each cl oaned fragnent were
sequencePTPRINpBRECH- 08 & LNYh $lasiopd, ¥acel A cPmgosiHon Bigh emcansX- E8Us8rige of per
nucl eot i I ; APMW- 8
strain i %??LHEE{:%%’?{?H%\Qg%ft)*lwgsa,dﬁ!?‘%%ﬂs?at?)zﬂ?ﬁ%aog@ggggﬁgregécgh{%ﬁcg ﬁlg%léo Si X

( Cal ai n, rePomBinRoUAPMLY. yirds9983! feotor Rafitherpesarit inveatgon. $i i fogplen nowddhatg f r anmes
(ORF) hage een. det ected andcﬁre ncogjgﬁﬁfor grotei . The order of the
pr ot ei nsPURLGEBIARA Peagoepdagpagmifispalighs may cqm eﬁ%%@%&a&@ﬁce SEQ ID
NG 1 is {dectlR@ompribifgIhe REsEBhAL APMVAINiHBIORM ebioHSdMBe fleHnt HMvichiigs of the
protein sequence to proteins of other avian paranyxoviruses. The putative
start ani185bp dddphisnasy adhmiORHOR My domipeise droerandreakdmmbteationaef thei ght
(Swiss Insti t.utle qf Ei ohnformaltics ExPAS%. vvebtsi te%} of, .tgegprtott()ai nge are
shown i n°¢ b & 3°G5BHEd S PYPARRER OFIPOPREN LY HYAST RS> SHRBEEd B P IRET apwyv- 8
sequenceadhiaisehi®i ALy c6RPaRSRbraase adhansttiiosabf MW\E4k&Yiral vector-based

Nucl eoprot ei n141-1431524-152651. 2 A WD 2011/ 022656 PCT/ US2010/ 046179 ( NP)
or immunological composition of vaccine. The administration route of the prime and the

boost may be the same or different. Similarly, the origin of the protective gene present in
the prime and the boost may be the same or different (e.g. different strain).

[0106] The various administrations are preferably carried out 1 to 6 weeks apart, and
more particularly about 3 weeks apart. According to a preferred mode, an annual booster,
preferably using the viral vector-based immunological composition of vaccine, is also
envisaged. The animals are preferably at least one day old at the time of the first
administration.

[0107] A variety of administration routes may be used such as subcutaneously or
intramuscularly, intradermally, transdermally, spray, drinking water, eye drop, intranasal,
oral, oral baits, in ovo or a combination (¢.g. oculonasal, oronasal).

[0108] The invention will now be further described by way of the following non-

limiting examples.

EXAMPLES
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Example 1 APMV-2, APMV-4, and APMV-6
A. Viruses and Birds
[0109] One-day-old SPF (specific pathogen free) chickens (Merial, Gainesville, GA)

were housed in positive pressure Horsfall-Baur isolation units. Feed and water were
provided ad libitum and the birds were examined twice daily. The viruses (APMV-2, 4,
and 6) used for experimental studies were isolated from wild birds and classified by the
National Veterinary Service Laboratory (NVSL, Ames lowa, USA). Viruses were
propagated in 9-day-old embryonated SPF chicken eggs (SunRise Farms, Catskill, NY,
USA) by inoculation via the allantoic route. The allantoic fluid was harvested at day 3
after inoculation, aliquoted, and stored at -80°C. The APMV subtype was confirmed by
the HI test using standard sera (NVSL, Ames, lowa, USA). The 50% egg infectious dose
(EIDsg) for each isolate was determined by inoculating 10-fold serial dilutions of
allantoic fluid in embryonated SPF eggs. The titer was calculated following the method
as described by Reed and Muench (Reed, LJ et al., 1938, Am. J. Epidemiol. 27:493-497).

B. Experimental infection

[0110] Twenty-five one-day-old SPF chickens per group were infected with 10°
EIDsg per chicken by the ocular-nasal route. Chickens of the control group were mock
inoculated with PBS (phosphate buffered saline). At days 2, 4, 7, 14, and 28 p. i. (post
infection) five birds from each group were bled via the wing vein to collect serum
samples, euthanized with CO,, and necropsied. Tissue specimens of the trachea, lung,
pancreas and gut were collected. For each organ, a fresh pair of sterile scissors and
forceps was used. Half of the tissue sample was placed in a Lysing Matrix D tube (MP
Biomedicals, Solon, OH) containing viral transport medium (1X minimal essential
medium, 7.5% sodium bicarbonate, 15 mM HEPES, 1% fetal bovine serum, 4,000 U/ml
penicillin, 400 pg/ml gentamycin, 8 ug/ml amphotericin B, 4,000 pg/ml streptomycin,
1000 pg/ml kanamycin sulfate). The second half of the tissue sample was fixed in 10%
buffered formalin and embedded in paraffin wax. Sections of the paraffin-embedded
tissues were stained with Mayer’s hematoxylin and eosin (H&E).

[0111] The results showed that mild diarrhea was observed at day four and seven p. i.

in birds infected with APMV-2 or APMV 4. During necropsy, birds infected with
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used to detect virus in allantoic fluid and analyze the presence of HI antibodies in
collected serum samples, respectively. The tests were conducted by standard procedures
using 0.8% chicken red blood cells resuspended in PBS. The HI test was performed by
the diluted-serum constant-antigen method. Eight HA units of viral antigen was used for
cach serum dilution.
[0113] The HI antibody titers were investigated at day 2, 4, 7, 14, and 28 p.i. Positive
HI titers (= 1:16) were observed in serum samples of APMV-2 infected birds at day 7
(1/5), day 14 (5/5), and day 28 p.i. (5/5). Interestingly, only one chicken infected with
APMV-4 developed an HI titer which has been considered as positive during the course
of the experiment at day 14 p.i. Similarly for APMV-6, two chickens out of five
developed a HI titer of 1:16, only on day 28 p.i.. Mock inoculated birds remained
negative for HI antibodies to all three APMV used in this experiment. In addition, to
exclude cross contamination all sera were tested for HI antibodies against the other two
antigens and remained negative.
D. Virus Isolation
[0114] The tissue samples collected in the Lysing Matrix D tubes (MP Biomedicals,
Solon, OH, USA) were homogenized twice using the Fastprep®-24 (MP Biomedicals,
Solon, OH) at a setting of 4.0 M/S for 20 seconds. Following incubation for 15 min at
room temperature, the homogenized samples were centrifuged for 20 min at 2000 g at
4°C. Sterility was tested after inoculation of 50 pl of the obtained supernatant in 2 ml
tryptose phosphate broth (TPB) (DIFCO, Becton Dickenson, Sparks, MD, USA)
supplemented with 10% hydrolactalbumin by incubation at 37°C in an orbital shaker
overnight. Non-sterile samples were filtered with 0.45 um syringe filters (Whatman Inc.,
Florham Park, NJ, USA). Samples were stored at -80°C. Virus isolation was performed
by inoculation of 0.1 ml into the allantoic cavity of 9-day-old embryonated SPF chicken
eggs. After incubation for three days at 37.5°C, the allantoic fluid was harvested and
tested for the presence of haemagglutinating activity by HA.
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[0115] To analyze sites of virus replication, several organs (trachea, lung, gut,
pancreas) were analyzed for infectious virus by virus isolation in embryonated eggs
(Figure 1). Overall, replicating virus was only detected in a few chickens. Briefly,
APMV-4 was recovered on day 2 from trachea, lung and pancreas while APMV-6 was
isolated from lung and pancreas. At day 4, APMV-2 was isolated from trachea and lung
while APMV-6 was isolated from all tested organs except the gut. At day 7, APMV-2
was isolated from a single gut sample, APMV-4 was isolated from the pancreas while
APMV-6 was isolated from lung and pancreas samples. Surprisingly, at day 14 p.i. no
virus was isolated whereas at day 28 p.i. APMV-2, 4 and 6 could be isolated from the
pancreas. No virus was isolated from mock inoculated birds. The identity of the back
isolated virus was confirmed by HI test using standard sera as provided by NVSL.
[0116] To evaluate the pathological potential of the investigated viruses,
microscopical lesions in the obtained organs were analyzed (Figure 2). Atday 2 p.i.,a
catarrhal tracheitis in addition to ciliary loss on the respiratory epithelium and mild
enteritis was observed in all infected chickens. At day 4 p.i., APMV-2 infected chickens
showed an increased number of hypertrophic mucous glands in the trachea and focal
ulcerations of the respiratory epithelium. APMV-4 infected birds showed changes highly
suggestive of a respiratory infection such as mild tracheitis, mild to moderate multifocal
lymphocytic pancreatitis and also a focal BALT (Bronchus-Associated Lymphoid Tissue)
hyperplasia at day 4 p.i. The investigation on organs of APMV-6 infected chickens
revealed tracheal changes such as catarrhal and ulcerative tracheitis and a focal
pancreatitis that are consistent with a viral stimulation. At day 7 p.i., APMV-2 infected
chickens showed focal tracheal attenuation or replacement of respiratory epithelium as
indicative of healing. Birds infected with APMV-4 showed mild BALT hyperplasia while
APMV-6 infected birds showed cystic enteropathy, focal enteritis and lymphocytic
infiltrates in the pancreas. In addition to mild lymphocytic enteritis and mild GALT
hyperplasia, APMV-2 infected birds also showed healing changes such as tracheal
attenuation at day 14 p.i. Organ samples from chicken infected with APMV-4 or 6
showed changes suggestive of viral infection such as mild interstitial pneumonia,
catarrhal tracheitis and BALT or GALT hyperplasia at day 14 p.i. All investigated

samples obtained from infected chicken showed lesions such as GALT hyperplasia,
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lymphocytic pancreatitis and lymphocytic bronchitis at day 28 p.i. At day 2, birds of the
control group showed a mild catarrhal tracheitis which could be attributed to
environmental factors.

[0117] Figure 3 shows low HI titers (up to 1:32 at day 14) from SPF chickens
infected with APMV-4 or APMV-6 indicating that only APMV-2 infection elicited an HI
response that could be characterized as seropositive. Nevertheless, all three viruses were
recovered from the infected birds’ trachea, lungs, gut and pancreas up to day 7 p.i. and
from the pancreas up to day 28 p.i.. Infection with APMV-2, 4, or 6 showed characteristic
histopathological lesions (summarized in figure 2) in all the infected birds, indicative of
stimulation with a viral antigen. The viral isolation and histological profiles of the
infected birds clearly depicted the tropism of the viruses in the infected birds (trachea and
lungs from day 2 to day 7 and gut, lung and pancreas from day 7 onwards). All isolates
were detected in the pancreas up to 28 days p.i. but virus isolation was not possible at day
14 p.i.. This indicated that the investigated APMV can probably persist and later become
reactivated. Thus virus carriers can be present in infected flocks. Only APMV-2 induced
HI antibodies while HI antibodies of chickens infected with APMV-4 and 6 were not
detected.

Example2 APMYV-§
A. Viruses and Birds
[0118] One-day-old SPF chickens (Merial, Gainesville, GA, USA) and Pekin ducks

(Metzer Farms, Gonzales, CA, USA) were housed in positive pressure Horsfall Baur
isolation units. Feed and water were provided ad libitum, and the birds were examined
twice daily. The APMV-8 virus (APMV-8: SCWDS ID: MA-7) used for experimental
studies was isolated from a mallard and classified by the National Veterinary Service
Laboratory (NVSL, Ames lowa, USA). The virus was propagated in 9-day-old
embryonated SPF chicken eggs by inoculation via the allantoic route. Allantoic fluids
were harvested at day 3 after inoculation, pooled, aliquoted and stored at -80 °C. The
APMV-8 subtype was confirmed by HI testing using standard sera as provided by the
National Veterinary Service Laboratory (Ames, 1A, USA). The EIDs, was determined by
inoculating 10-fold serial dilutions of allantoic fluid in embryonated SPF eggs. The titer
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was calculated following the method as described by Reed and Muench (Reed &
Muench, 1938).

B. Experimental infection

[0119] Twenty five one-day-old SPF chickens or Pekin ducks per group were
infected via the oculonasal route with 10° EIDs, per bird diluted in PBS. Birds of the
control chicken or duck group were mock inoculated with PBS. Five birds from each
group were bled via the brachial vein to collect serum samples, humanely euthanized
with CO;, and necropsy was performed at two, four, seven, fourteen and twenty eight
days post infection (d p.1). Tissue specimens of the trachea, lung, pancreas, and gut
(duodenum) were collected. For each organ, a fresh pair of sterile scissors and forceps
was used. Half of the tissue sample was placed in a Lysing Matrix D tube (MP
Biomedicals, Solon, OH, USA) containing viral transport medium (VTM, 1X minimal
essential medium, 7.5% sodium bicarbonate, 15 mM HEPES, 1% fetal bovine serum,
4,000 U/ml penicillin, 400 pg/ml gentamycin, 8 ug/ml amphotericin B, 4,000 pg/ml
streptomycin, 1000 ug/ml kanamycin sulfate). The second half of the tissue sample was
fixed in 10% buffered formalin and routinely processed, embedded, sectioned and stained
with hematoxylin and eosin (H&E).

C. Virus Isolation

[0120] The tissue samples collected in the Lysing Matrix D tubes were homogenized
twice using the FastPrep-24 (MP Biomedicals) at a setting of 4.0 M/S for 20 seconds.
The homogenized samples were incubated for 15 min at room temperature and then
centrifuged for 20 min at 2000xg at 4°C. 50 pl of the obtained supernatant was inoculated
in 2 ml sterile TFB supplemented with 10% hydrolactalbumin followed by incubation at
37°C in an orbital shaker overnight to test for sterility. Non-sterile samples were filtered
with 0.45 um syringe filters (Whatman Inc.). Samples were stored at -80°C. Virus
isolation was performed by inoculation of 0.1 ml into the allantoic cavity of 9-day-old
embryonated SPF chicken eggs. After incubation for three days at 37.5°C, the allantoic
fluid was harvested and tested for the presence of hemagluttinating activity by HA.

D. Serology

[0121] The hemagglutination (HA) and hemagglutination-inhibition (HI) tests were

used to detect virus in allantoic fluid and to analyze the presence of HI antibodies in
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collected serum samples, respectively. The tests were conducted by standard procedures
using 0.8% chicken red blood cells resuspended in PBS. The HI test was performed by
the diluted-serum constant-antigen method. Eight HA units of viral antigen were used for
cach serum dilution. The geometric mean titer was determined as described previously
(Brugh, 1978).

[0122] Figure 4 shows HI antibody titers in SPF chickens and ducks infected with

APMV-8. Chickens and ducks were oro-nasal infected with a dose of 106 EID5) of

APMV-8. Sera samples were collected at day 2, 4, 7, 14, and 28 p.i. and analyzed by the
HI test with the APMV-8 antigen. The HI serum titers (in logy) are shown on the left

axis.

E. Pathogenicity indices of APMV-8 in chicken

[0123] To assess the virulence of APMV-8, the intracerebral pathogenicity index
(ICPI) was determined following the World Organization for Animal Health (OIE, 2008)
procedures for Newcastle disease virus. The mean dead time (MDT) in chicken embryos

was determined as described previously (Swayne et al., 1998) using a serial dilution of

APMV-8 from 10-1 through 10-8.

[0124] The determination of the mean dead time (MDT) in embryonated eggs as well
as the assessment of the intracerebral pathogenicity index (ICPI) is an important
measurement for the pathogencity of the virus. With respect to the MDT in embryonated
eggs, none of the embryos of the inoculated eggs died after the 7 day period and thus the

APMV-8 isolate can be classified as lentogenic. The presence of virus was confirmed by

HA test using the allantoic fluid of eggs inoculated with the 10-6 dilution. All the
chickens intracerebrally inoculated showed no clinical signs over the observation time
resulting in an ICPI value of zero which results in a lentogenic phenotype.

F. APMV-§ booster vaccination

[0125] Ten one-day-old SPF chickens per group were infected via the oculo-nasal
route with 10° EIDs, per bird. Birds of the control chicken group were mock inoculated
with PBS. The birds were infected again with the same dose 14 days after the first
infection. The presence of infectious virus was monitored at day 2, 4, 7 and 14 after the

first infection and day 2 and 4 after the second infection by virus isolation from tracheal
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swabs using 9-day-old embryonated SPF eggs. Antibody response was monitored by HI
titer of serum samples collected at 0, 7, and 14 days after each vaccination.

[0126] In order to investigate if a second immunization would allow developing a
more sustainable HI titer, a prime/boost scheme experiment was performed (Figure 5).
On day 7 after the first infection, all ten birds showed an HI ranging from 64 to 1024
(GMT 207). The titer declined at 14 d p.i. after the first infection (GMT 84) but increased
after the boost infection at day 14 after the initial infection. On day 7 after the boost
vaccination, the GMT increased to 137 and decreased again to a GMT of 73 at day 14
after the second infection. Infectious virus could be isolated from tracheal swabs at day 2
(5/10 birds) and day 4 (4/10) birds after the first infection. After the second infection no
virus was isolated from the swabs taken at day 2 and 4 p.i..

G. Detection of viral RNA by RT-PCR

[0127] The detection of viral RNA from tissue samples was performed after
homogenization of tissue samples followed by isolation of RNA by using the High Pure
RNA isolation kit (Roche, Mannheim, Germany). A primer pair (§NPf1, 8NPr, see table
1) was used in an RT-PCR using the Supercript III One Step RT-PCR kit with Platinum
Taq (Invitrogen, Carlsbad, CA, USA) following the instructions of the manufacturer.
The obtained reaction products were analyzed on a 1% agarose gel (Figure 6). Tracheal
tissues were taken at day 2 p.i. from non-infected ducks (C1-C5) and APMV-8 infected
ducks (I1-15). The tissues were homogenized and RNA was prepared for RT-PCR. A
water control (W) was prepared in parallel. The reaction products were separated on a
1.5% agarose gel. The size of the fragment was controlled by using the 100 bp ladder
(New England Biolabs, Boston, MA, USA). The sizes of the DNA fragments are shown

at the right.
Table 1 Oligonucleotides used for RT-PCR for the detection of
viral RNA in tissue samples
Name Sequence orientation [ gcationA SEQID NO
APMV-  TTTTTTTTTTTTTTTTTTACCAAACAR sense 1-14 21
PolyT ~ RGAA
8NPfl1 CAGGAGACCTGATGTTGCCTCAAC sense 200-223 22

&NPr GCAGGCGATCTATAGTCTCTGATAG  antisense  618-642 23
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put ati ve wyoenelgassk sequences for APMW-8 were conservedPconiSaimiong7a pol y
(O 5 sequence followed by a 3'-GCU- 5 sequence. The only exception is the
putati ve gene start sequence for the viral RNA pol ynerase (3'-CUCCCGCCU-5').
The putative gene end sequences were al so conserved and contain a poly (U)6
sequence at the genomc viral 5 sequence (Table 5).

H. Determination of the minimal infectious dose in chicken and ducks

[0128] In order to determine which viral titer would be sufficient in chickens to
detect a seroconversion, one-day-old SPF chickens were infected with different doses of

APMV-8. The birds were housed as described above. Ten chickens per group were
infected each with 101,102, 103, 104, 103, or 106 EID35(. The virus was diluted in VITM.
One group was inoculated with VIM and served as control. The birds were bled at day 7
and 14 after infection via the brachial vein. Based on the results obtained during the
chicken experiment three-day-old Pekin ducks were infected with different amount of
virus. The infection dose was chosen 103, 104, 103, or 106 EID 35 per duck. One group
was mock-infected with VIM. The birds were bled at day 7 and 14 after infection via the
leg vein. The serum sample was analyzed for the presence of virus specific antibodies by

HI as described above.

1. Determination of the pathogenicity in ducks and chickens

[0129] During the experiments, no clinical signs were observed in chickens and
ducks. During necropsy, three infected chickens showed slightly enlarged pancreas and
inflamed duodenum at day two and four p.i.. No other gross lesions were observed in any
group.

[0130] The serological response was examined at 2, 4, 7, 14, and 28 d p.i. by
investigation of the HI titers in the serum (Figure 4). Serum samples of APMV-8 infected
chickens showed positive HI titers (> 16) starting with 7 d p.i. (5/5, GMT: 111), 14 d p.i.
(5/5, GMT: 48), and 28 d p.i. (5/5, GMT: 48). Serum samples of APMV-8 infected ducks
also showed positive HI titers (> 16) at 7 (5/5, GMT 21), 14 (5/5, GMT 28), and 28 (4/5,
GMT 14) d.p.i. The HI titers ranged from 32 to 256 for chickens, while for ducks the
range was from 16 to 64. Sham inoculated birds remained negative for HI antibodies to
APMYV-8 at all time points investigated in both species.

[0131] To determine the sites of virus replication in chickens and ducks, several
organs (trachea, lung, duodenum, and pancreas) were analyzed for infectious virus by
virus isolation in embryonated eggs (Figure 7). In chickens, APMV-8 was recovered at 2
d p.i. from trachea, lung, and duodenum. At 4 d p.i., APMV-8 was isolated from all the
analyzed organs; while at 7 d p.i., APMV-8 was isolated only from the pancreas. At 14
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and 28 d p.i. no virus was isolated from any organ. No virus was isolated from sham
inoculated birds. The identity of the back isolated virus was confirmed by HI test using
standard sera as provided by NVSL. No virus was isolated from any of the collected duck
tissues at any time point even after two subpassages in 9-day-old embryonated SPF
chicken eggs. Therefore, RT-PCR primers were designed based on the APMV-§
sequence information available to detect the presence of viral RNA in the collected tissue
samples (Figure 7). At 2 d p.i viral RNA was detected in the trachea (Figure 6), gut and
pancreas while at 4 d p.i viral RNA was detected in all the organs analyzed. At 7, 14, and
28 d p.1, viral RNA was detected only in the trachea and lung. RT-PCR using RNA
obtained from organs of mock inoculated birds did not result in the amplification of an
RT-PCR fragment which indicates the absence of APMV-8 in these birds.

[0132] To evaluate the pathological potential of the investigated virus, the organs
were analyzed for the presence of microscopic lesions (Figure 8). At 2 d p.i., a mild
multifocal proliferative tracheitis was observed in all infected chickens. The remaining
organs showed no difference to the control group. APMV-8 infected chickens showed
focal attenuation or regeneration of respiratory epithelium in the trachea at 4 d p.i. as
indicative of healing. Additionally, the birds also showed mild multifocal lymphocytic
pancreatitis which indicated a viral infection. Infected chicken showed changes in the
lung at 7 d p.i. such as moderate to severe BALT, tracheal changes such as catarrhal
tracheitis and multifocal lymphocytic pancreatitis. These findings are consistent with an
antigenic stimulation. At 14 d p.i, tracheal changes consistent with healing and pancreatic
changes such as lymphocytic pancreatitis suggestive of viral infection were observed in
infected chickens. At 28 d p.i., only a mild catarrhal tracheitis and mild enteritis were
observed in some of the infected chickens. In infected ducks, multifocal mild
lymphocytic tracheitis, lung changes (interstitial pneumonia) and intestinal changes
(Ilymphocytic enteritis) were observed at 2 d p.i while tracheal changes consistent with
respiratory infection were seen at 4 d.p.i.. At 7 d p.i., infected ducks showed lymphocytic
tracheitis and pancreatitis consistent with viral infection whereas the observed catarrhal
tracheitis was a suggestive of healing at 14 d p.i.. In addition, infected ducks showed a
lymphocytic pancreatitis at 14 d p.i.. Later, at 28 d p.1., in the lung of infected ducks a
BALT hyperplasia and also mild multifocal heterophilic tracheitis were noticed. Both
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pathological microscopic lesions were indicative of a viral infection. In the non infected
controls no changes in the examined organs were observed.

J. Determination of the minimal dose needed for induction of an immune response

[0133] In order to examine the minimal infectious dose which is necessary to induce
a seroconversion in chicken, tenfold dilutions of APMV-8 were used to infect ten one-
day-old SPF chickens (Figure 9). For the HI test, 4 HA units were used which results in a

threshold of 16 to be considered as positive. The serum samples taken at day 14 p.i.
showed that an EID 5 of 103 was sufficient to induce an immune response in 4/10
chickens which was considered as positive (GMT 11). At day 14 after infection with an

EID5 of 104 nine of ten birds showed a titer >16 (GMT 34). The infection with an

EIDs( of 103 and 106 induced an HI titer of >16 at day 14 p.i. in all birds with a GMT
of 73 and 137, respectively.

[0134] Based on this result, 8 ducks each were infected with APMV-§ starting with a
dose EID5( of 103 per bird up to a dose of EID35q of 106 per bird (Figure 10). Six out of
eight ducks developed significant titers (=16) 14 days after infection with a GMT of 14
after infection with an EID 5 of 104/bird. At day 14 p.i. 6/8 ducks infected with an

EID5 of 103/bird and 7/8 ducks infected with an EID5¢ of 106/birds developed

significant titers (>16) with a GMT of 17 and 23, respectively.

Example 3 Determination of the full length sequence of APMYV-8
[0135] For the determination of the full length sequence of APMV-8, viral RNA
sequence information is initially needed. To this end, the 3’-end of the viral genome was
cloned by using a primer (APMV-polyT, see table 1) which contained a degenerated
sequence based on available 3’- sequences of APMV1 (Genbank accession No.
AF077761), APMV-2 (Genbank accession No. EU338414), and APMV-6 (Genbank
accession No. EF569970). Viral RNA was purified from allantoic fluid using the High
Pure RNA isolation kit (Roche, Mannheim, Germany). The sequence was amplified using
the 5" RACE Systern for Rapid Amplification of ¢DNA Ends Version 2.0 (Invitrogen)

following the manufacturer’s instructions. Several fragments were obtained, gel ehuted

36



NP gene AACUAAAUUCUUUUUU 30 P gene UAACUAAUUCUULUW 31 M gene
AGGAUUAAUAUUUULU 32 F gene CUAUAAAUUAUUUUWI 33
WO 2011/022656 PCT/US2010/046179

and cloned into the Topo TA cloning vector (Invitrogen) and positive selected clones
were sequenced. The obtained nucleotide sequences were analyzed in av nblast search
against the NCUBI database which resulted in no simtlarities. A tblastx search agaiust the
NCBI database showed simularitics to the nuclcoprotein of 83% siratlarity of an Avian
paramyxovirus 2 (APMV-2/Chicken/California/Yucaipa/56, Genbank accession No.
EU338414) and of 56% similarity of an Avian paramyxovirus 6 strain (APMV-
6/Goose/FarEast/4440/2003, Genbank accession No. EF569970). Using this primer, the
primer walking method was employed using the 5° RACE System for Rapid
Amplification of ¢DNA Ends Version 2.0 (Invitrogen). The 5’-RACE produced an
approximately 800 bp fragment. Using this technique, new sequence information was
obtained based on sequence information from the previous sequence which has been used
for the delineation of new oligonucleotides. The 5’-end of the viral genome was also
determined by the 5’-RACE method. The 3’-end of the viral genome was obtained after
ligation of the RNA with T4 RNA ligasel (New England Biolabs). The ligation reaction
was purified again with High Pure RNA isolation kit (Roche) and an RT-PCR was
performed using Superscript III One Step RT-PCR kit with Platinum Taq (Invitrogen}.
The obtained cDNA fragment was cloned into the pCR2.1 vector (Invitrogen) and
sequenced. Three plasmids from each cloned fragment were sequenced in both directions,
thus resulting in sequence 6x-coverage of per nucleotide.

[0136] The full length genome sequence of the analyzed APMV-§ strain is 15342
nucleotides, this is in accordance to the rule of six (Calain, P. & Roux, L., 1993) for
Paramyxovirinae. Six open reading frames (ORF) have been detected and are encoding
for proteins. The order of the proteins was determined as 3’-NP-P-M-F-HN-L-5" (the
genome sequence SEQ ID NO:1 is in the 5° to 3’ orientation antigenomic) using
similarities of the protein sequence to proteins of other avian paramyxoviruses. The
putative start and stop codons of the ORF’s and the theoretical molecular weight (Swiss
Institute of Bioinformatics ExPASy website) of the proteins are shown in table 2.

Table 2 Parameter of the proteins encoded by the APMV-8 sequence

Protein Start codon Stop codon Theoretical
MW (kD)
Nucleoprotein 141-143 1524-1526 51.2
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HN gene UACUUAAUUCUUUUUWU 34 L gene (1) ACUAAAAUUCUUUUW 35 L gene (2)
UUAUUGAUUUUUUUUU 36 [ 0139] These sequences were predicted based on
sequenceswoizoin2eesse descri bed for ot her paranyxovir use®CofUstde/oganus
Avul avirus (Chang et al., 2001, Nayak et al, 2008, Jeon et al., 2008).
There are two possible start codons for the ORF of the RNA pol ynerase. The
first start codon (nt 8273 8275) i's Iocallzed in the gene end -intergenic
regi on- —§
ORF. Thi rakes this start codon unllkely but not |npOSS|bIe
start coppn h82fein
gene start reglon an
t r ans| at Mafrixpioteing MRNA pol yner ase 3676-APMV- 8.

de Leeuw

15342 nt_l on Th is larger tha 1 (SQ 5, 1518

& Peet er §Us! ‘1189@ PW-2 (SEQ I D %%114 904 él?tgl\géﬁbbu ah e?sgaﬁt 2008) ,
and APMEidmb Qlﬂ@n%@aﬂfﬁmdés‘éom N33 NBYEK et agl14-9088), and gzl ler than
APW- 3 ( SE NO 17, 16,272 nt, Kumar et al., 2008) and APW-9 (SEQ ID
NG 20, 1 8 nt, Sanuel et al., 2009). The length of 55 nt of the |eader
sequencepse be conserved 1A hnanur & Samal ,
1998, deP?S_l %ﬂ%s%ﬁ@eeters, 1999, AR ALE f%‘{zloggﬁNayak avrg} 2008,
Kumar et al., 2008, Sanuel et al. 8220899 whereas the trallerzsﬁquence

seened to be variable in | ength. The gene start and gene end sequences of
the viral genes were also highly conserved for APW-8 (as shown in Table

2008) . AT ( Rusar ey B e e S el ek et
2008) , ARMbnfindtlnarfgheputative @200 St saqebneecttht NP gae (REMY) &nd [Bamiel et al .,

2 Th f I he full |
m?:)tg I) pl eg%}pnegt )gee({uegce éfhtﬁe E%%ot%gltdtraﬁer) QFhetlea?der gequenc?er} }ocateﬁ?uence I's a

nucleotide 1 to nucleotide 55. The putative gene start sequence (nt 56-63) of the NP gene

The second

9) is down sporasPf therqgeoeignd -intefgeni c region-
may act as initiation codon for the start of the

[49D46]1Phe genonmetOcf APMW-8 is

ends the leader sequence. The trailer sequence is localized behind the last gene end
sequence in the viral genome. Due to the presence of two putative gene end sequences for
the RNA polymerase gene (nt 15161-15171 or 15288 -15297) two putative trailer
sequences have been identified (nt 15172-15342 or nt 15289-15342). The location of the
putative gene start sequence (poly G containing sequences) and gene end sequences

(signal sequence for a polyadenylation) and the intergenic sequences were summarized in

table 3.
Table 3 Sequence and location of putative gene start, intergenic,
and gene end sequence of APMV-8

Gene Gene start Gene end intergenic
Nucleoprotein 56-63 1615-1625 1626-1627
Phosphoprotein 1628-1635 2991-3001 3002-3031
Matrixprotein 3032-3039 4404-4416 4417-4441
Fusionprotein 4442-4449 6260-6271 6272-6278
Hemagglutinin/neuraminidase 6279-6287 8261-8273 8274-8275
RNA polymerase 8275-8283 15161-15171
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WO 2011/ 022656PCT/ US2010/ 046179 which is agreenment with the role of six for
t he genones of paranyxoviruses (Kol akofsky et al., 1998). [0141] The
sequence woent/mgesbet ween APW-1, 2, 3, 4, 6, 8, and 9 @emarseoispguences are
shown in Table 6. Table 6 sequence identity percentage between the genone
of APMW-1, 2, 3, 4, 6, 7, 8 and 9 APW 12 3 46 7 8

Table 4 SEQ ID NO v. DNA and protein sequences.

SEQ ID NO Gene name Type
1 APMV-8 genome sequence DNA or RNA
2 APMV-8 Nucleoprotien (NP) DNA or RNA
3 APMV-8 Nucleoprotien (NP) Protein
4 APMV-8 phospho protein (P) DNA or RNA
5 APMV-8 phospho protein (P) Protein
6 APMV-8 Matrixprotein (M) DNA or RNA
7 APMV-8 Matrixprotein (M) Protein
8 APMV-8 Fusioprotein (F) DNA or RNA
9 APMYV-8 Fusioprotein (F) Protein
10 APMV-8 Hemagglutinin/neuraminidase (HN) DNA or RNA
11 APMV-8 Hemagglutinin/neuraminidase (HN) Protein
12 APMV-8 Polymerase (L) DNA DNA or RNA
13 APMV-8 Polymerase (L) protein 1 Protein
14 APMV-8 Polymerase (L) protein 2 Protein

[0138] The putative gene start sequences for APMV-8 were conserved containing a

poly (C)5 sequence followed by a 3’-GCU-5" sequence. The only exception is the
putative gene start sequence for the viral RNA polymerase (3’-CUCCCGCU-5’). The

putative gene end sequences were also conserved and contain a poly (U)g sequence at the

genomic viral 5° sequence (Table 5).

Table 5 Gene Start and Gene End sequences of APMV-8

Gene Name | Sequences (5-3’ antigenomic orientation) SEQ ID NO
Gene start | NP gene CCCCcCcGCuucuGauCcA 24

P gene CCCCCGCUGGAGUUA 25

M gene CCCCCGCUuUuCUGUGC 26

F gene CCCCCGCUUUAGAAC 27
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8889 SEQIDNO15 16 17 18 19 20 1 37

WO 2011/022656 PCT/US2010/046179
HN gene CCCCCGCUGGGUAAA 28
L CUCCCGCUGGAGAUG 29
Gene end | NP gene AACUAAAUUCUUUUUU 30
P gene UAACUAAUUCUUUUUU 31
M gene AGGAUUAAUAUUUUUU 32
F gene CUAUAAAUUAUUUUUU 33
HN gene UACUUAAUUCUUUUUU 34
L gene (1) | ACUAAAAUUCUUUUUU 35
L gene (2) | UUAUUGAUUUUUUUUU 36

[0139] These sequences were predicted based on sequences which were described for
other paramyxoviruses of the genus Avulavirus (Chang et al., 2001, Nayak et al, 2008,
Jeon et al., 2008). There are two possible start codons for the ORF of the RNA
polymerase. The first start codon (nt 8273-8275) is localized in the gene end —intergenic
region- gene start region between the HN ORF and the viral RNA polymerase ORF. This
makes this start codon unlikely but not impossible. The second start codon (8297 -8299)
is down stream of the gene end —intergenic region- gene start region and may act as
initiation codon for the start of the translation of the RNA polymerase of APMV-8§.
[0140] The genome of APMV-8 is 15342 nt long. This is larger than APMV-1 (SQ
ID NO:15, 15186 nt, de Leeuw & Peeters, 1999), APMV-2 (SEQ ID NO:16, 14,904 nt,
Subbiah et al., 2008), and APMV-4 (SEQ ID NO:18, 15054 nt, Nayak et al., 2008), and
smaller than APMV-3 (SEQ ID NO:17, 16,272 nt, Kumar et al., 2008) and APMV-9
(SEQ ID NO:20, 15,438 nt, Samuel et al., 2009). The length of 55 nt of the leader
sequence seemed to be conserved between all APMV (Krishnamurthy & Samal, 1998, de
Lecuw & Peeters, 1999, Subbiah et al., 2008, Nayak et al., 2008, Kumar et al., 2008,
Samuel et al., 2009) whereas the trailer sequence seemed to be variable in length. The
gene start and gene end sequences of the viral genes were also highly conserved for
APMV-§ (as shown in Table 5). This has been also described for sequences of APMV-2
(Subbiah et al, 2008), APMV-3 (Kumar et al, 2008), APMV-4 (Jeon ¢t al., 2008, Nayak
et al, 2008), APMV-6 (Chang et al, 2001), and recently for APMV-9 (Samuel et al.,

2009). The number of the nucleotides of the full length sequence is a multiple of six
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38 39 40 8 1 48 61 47.2 47.6 52 53 100 99.1 96.5 96.4 48

WO 2011/022656 PCT/US2010/046179

which is agreement with the role of six for the genomes of paramyxoviruses (Kolakofsky
et al., 1998).
[0141] The sequence identity between APMV-1, 2, 3, 4, 6, 8, and 9 genome

sequences are shown in Table 6.

Table 6 sequence identity percentage between the genome of

APMV-1,2,3,4,6,7,8,and 9

APMV 1 2 3 4 6 7 8 8 8 8 9
SEQ | 15| 16 17 18 19 | 20 1 37 38 39 | 40

ID

NO
8 1 48 | 61 | 472 |47.6 | 52 | 53 | 100 | 99.1 | 96.5 | 96.4 | 48

[0142] The percent sequence identity between two nucleic acid or polypeptide
sequences is determined using Vector NTI 11.0 (PC) software package (Invitrogen, 1600
Faraday Ave., Carlsbad, CA). A gap opening penalty of 15 and a gap extension penalty
of 6.66 are used for determining the percent identity of two nucleic acids. A gap opening
penalty of 10 and a gap extension penalty of 0.1 are used for determining the percent
identity of two polypeptides. The percent identity was calculated based on the shorter

sequence.

Example 4 Vaccination of one-day-old broiler chickens with APMV-8 strain

[0143] Twenty one-day-old broiler chickens were separated into two groups
according to table 7 shown below.

[0144] At day 1, the one-day-old chickens were bled to determine the antibody status
directed against Newcastle disease virus (NDV) and APMV-8 using the hemagglutination
inhibition assay (HI test). The test was performed using allantoic fluid from either NDV
strain Lasota or APMV-8 infected SPF eggs. Four HA units of NDV strain Lasota or
APMV-8 and 1% chicken red blood cells were used for the HI test. The resulting HI titers
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[ 0142] The percent sequence identity between two nucleic acid or pol ypeptide
sequences i s determ ned using Vector NTlI 11.0 (PC) software package
(I'nvi t roge0,20182%5Far aday Ave., Carlsbad, CA). A gap openirs2@penadiry of 15
and a gap extension penalty of 6.66 are used for determ ning the percent

identity of two nucleic acids.
extension penalty of 0.1 are used for determ ning the percent
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Day 14: second vaccination | 5 chickens (group 1-1): 2nd
with APMV-8 strain (boost) | vaccination/ 1** vaccination.
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2" vaccination/ 1

vaccination

5 chickens (group 2-1): 2nd

vaccination

5 chickens (group 2-2): not

vaccinated

Day 28: HI test Yes

Yes

[0145] At day 1, group 1 of 10 chickens were infected with via the nasal route with

10° EIDsy of APMV-8 strain, group 2 of 10 chickens were not infected serving as control.

[0146] Fourteen days after infection (day 14), the chickens were bled and the

obtained serum samples were analyzed again for the presence of HI antibodies directed

against NDV and APMV-8 (Figure 20). The result showed that the APMV-8 vaccinated

chickens showed HI titers using APMV-§ as antigen. The APMV-8 specific HI titers

were between 128 and 2048. The HI titers against NDV declined to a HI titer below 16,

thus they are not considered as NDV positive. The result showed that chickens maternal

derived antibodies directed against NDV did not omit the infection with APMV-8§, thus

interference of such antibodies with APMV-§ vaccination is unlikely.

[0147] Fourteen days after infection (day 14), the chickens in group 1 and group 2

were split. Five chickens in each of group 1 (group 1-1) and group 2 (group 2-1) were

again infected with 10° EIDso of APMV-8 strain (table 7), the remaining five chickens in

each group (group 1-2 and group 2-2) were not infected. This experiment is designed to

investigate where a later infection of chickens would have an effect on the infection and

whether a second infection (boost vaccination) would increase the antibody titer.
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Day 1: vaccination with APW-8 strain Yes No Day 14: H test Yes Yes Day
14: second vaccination with APW-8 strain (boost) 5 chickens (group 1-1):
2nd vacciweatoom?226sst vacci nation. 5 chickens (group 1-2PCTS2@0846179
vacci nation/ 1st vaccination 5 chickens (group 2-1): 2nd vaccination 5
chi ckens (group 2-2): not vaccinated Day 28: H test Yes Yes [0145]At day
1, group 1 of 10 chickens were infected with via the nasal route with 106
EL%?OF]C F&%l\ék& a3§st lra.ltaelr ?dangrSS),uaE)l c%ic%fenslvqfercemlg e?gra]lfn a\{rvledrtﬁe rs]é)rElml v[/]a{selgéeesglggtgé ving as

for the presence of APMV-8 and NDV antibodies. The serum titers (Figure 21) showed

that a first vaccination at day 14 (group 2-1) did induce APMV-8 specific antibody titers

ranging from 32 to 512. In chickens vaccinated only at day 1 (group 1-2), the antibody

titers declined to titers in a range from 128 to 512. In chickens which have been

vaccinated at day 1 and day 14 (group 1-1), the APMV-8 specific antibody titer did not

increase, sugesting that the virus used for the second infection was neutralized by

APMV-8 specific antibodies induced by the first infection. The serum of the non-

vaccinated controls (group 2-2) did not contain APMV-8 specific HI antibodies. At day

28, the NDV antibodies declined further, only 11 chickens out of the 20 chickens showed

any HI titers with the NDV antigen whereas at day 14 fourteen chickens showed low

antibody titers against NDV.

Example S In ovo vaccination of embryonated SPF eggs

[0148] This study was performed to test if an in ovo vaccination with APMV-8 would
result in an antibody response in chickens and if in ovo vaccination would interfere with
hatchability and livability.

[0149] In study 1, 108 SPF eggs were in ovo vaccinated with APMV-8 virus strain
using the INOVOJECT (Pfizer Animal Health, NY, USA) at day 18 of incubation. The
virus was diluted in 0.9% sterile NaCl saline. The back titration of the diluted virus
revealed a titer of 10°~ EIDso/100ul. As control, 108 eggs were inoculated with 0.9%
sterile NaCl saline. The volume for the inoculation was 100ul per egg. Eighty chickens
hatched from the control group and forty-five chickens hatched from the APMV-8
vaccinated group. Ten chickens from each group were transferred to one Horsefall-Bauer
unit. In addition, the chickens of the APMV-8 vaccinated group and five chickens of the
control group were co-mingled in a Horsefall-Bauer unit to test transmission of APMV-8
after vaccination. Water and feed were provided ad libitum. Fourteen and twenty-eight
days after hatch, blood samples were taken and tested for the presence of HI antibodies
directed against APMV-8 using 4 HA units and 1% of chicken red blood cells. The
results (Figure 22) showed that in ovo vaccination at day 18 of incubation resulted in an

immune response as indicated by the presence of HI titers in the tested serum samples.
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[ 0146] Fourteen days after infection (day 14), the chickens were bl ed and
t he obtai ned serum sanpl es were anal yzed again for the presence of H

ant i bodi esodbrigeeesd agai nst NDV and APMW-8 (Fi gure 20). pChasc@sohd17showed
that the APW-8 vacci nated chi ckens showed H titers using APMW-8 as
antigen. The APW-8 specific H titers were between 128 and 2048. The H
titers against NDV declined to a H titer below 16, thus they are not
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anti bodi es declined further, only 11 chickens out of the 20 chickens showed
any H t APM&-8wiac¢inathd grapp. Bent ¢hyekensremesash grougayerg frafidenredetorpne hi ckens
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group. Ten chickens f each group were transferred to one rsefall - Bauer
uni t. | nhaddiTthicdH, tited dorthe ARME-EofactinatcARMYpS avgddiarat é2 ta# o Fapuek f i ve

chi ckens,of the ntrol .grou e. Co- m ng|. ' Horsefal | -Bauer unit to
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using 4 eingiihe INOVDIBGofat sly ckenf rischbbligodvidell <’ Eibe andsid't sSEXDR) gur e 22)
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chi ckensthregnchifkeps hatehed Grimogigup 4, Soeatynrise shiskensdintched dipps gefupet. aB8nt act
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titers from 256 t 096 in the APW-8 vaccinated group and 256 to 1024 in
the APMA %&ﬁﬂeafé&é‘%ﬁpmﬂ%@i&% O] gr@lfpo%cj B CEhiRe kg Sphdarewslyin Bewv- 8 HI
anti bodies. [0150]1n study 2, 88 SPF (specific pathogen free) eggs were in
ovo vaccinated using the | NOVQJECT at day 19 of incubation. The APW-8
virus strain was diluted in 0.9% sterie NaCl saline. The titer of the
virus was 105.75 EI D50/ 100ul as obseridéd after back titration of the
diluted virus . As control, 88 SPF eggs were inoculated with 0.9% sterile
NaCl saline. The volunme for the inoculation was 1000 per egg. Seventy-four
chi ckens hatched fromthe control group (NaCl) and seventy-six chickens

hat ched fromthe APM/-8 vacci nated group. Ten chickens from each group were
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using the I NOVOJECT at day 18 of incubation with 1015 EID50 and 104.5 EI D50
respectively. The APMW/-8 virus strain was diluted in 0.9% sterile NaCl

sal i ne. Iwoaotii2ees6gr oup 108 SPF eggs were inocul at ed wWPCh/US2@9%%03d1891 | e
NaCl saline as control. Eighty-three chickens hatched from group 1,
seventy-ni ne chi ckens hatched fromgroup 2, and ei ghty-ei ght chickens

hat ched from group 3 (see table 8). After hatch, ten chickens from each
group were transferred to o ef al | - Bau unit. Water and_.feed were

ot vl dednsl Pk et vottar ShIOEH! TEEDurRERE RS b Fogsah S RerErIdbol nat ed
subcut anpiRyS ks¥mpIRs thge taREE knd 8GkANfoMthd pRs¢RE WOt bOGicH 4G Eh Rt APW- 8
virus. Fourteen days after hatch, blood sanples were taken and tested for

t he presARVEV-6f usiig dnilAbodiseanddi Yoeef eldckapaiedstlogPrelS(CRBYY ZhelAcwnlist s and

1% of chjcken,r, bl cells (CRBS). The results (Figur 4) showed t hat
i ovo VISR 2EF SRl T o AT E b Ay STt Pl AU ponee
Wi th H fespdiss wihell filegs {pREIfIBAMVABM VFBUFb@endRyS afdritRkchhah ¢ titéfrdth titer
from 4096 to 16384 was observed in the APW-8 in ovo vaccinated groups. The

control HWup 1438 wes oktseiedan he-hPMM-8 i gpevdceingted groymsnihacomteb b up
A | . ; . . .
gt ng. Tham SR ERy0aE AR hidns RARMERL T B PSR RRE bR, et cn

and t estetthf APMWNE dhoasenc gerotordRMibm withes i tfterC rddgingn frobo 64 @6. 40Dlee THE ti ter
at four weeks after hatch decregsed and ranged between 512 and 4096, The
control YHEEHS ATA° RlSE ASRBWR ARy 44 affqrthéﬁhsa@éctpqt%?qrd c Rpce oFh@PMVEiter in
the groug;ey}mccﬁl Wﬁﬁbéd{gfUﬁlf%”ﬁ?%ﬁéryatVﬁfﬁ?'vO@eﬁ(§%ﬂ%P%‘éﬁﬁ crdabd£hd TARIHNY

bet ween 32 and 256. Table 8 Goup 1 Goup 2 Goup 3 (control) SPF eggs 108
108 108 biatvedredl k. 8Be ¢0nt88 group did not show any HI titer specific for APMV-

8. The HI titer in the group which was subcutancously vaccinated showed HI titers

ranging between 32 and 256.

Table 8
Group 1 Group 2 Group 3 (control)
SPF eggs 108 108 108
Hatched chicken 83 79 88
Vaccination with 10* EIDso 10™ EIDso 0.9% sterile NaCl
APMV-§ at day 18 100ul per egg 100ul per egg saline
of incubation

Example 6 Development of reverse genetics of the APMV-8 strain and generation

of APMV-8 mutants expressing heterologous genes

Construction of the expression plasmids containing the NP, P, and L genes of APMV-§

[0152] For the establishment of a reverse genetics system for paramyxoviruses, the
establishment of plasmids expressing the proteins involved in viral RNA replication is
essential. The open reading frames (ORF) of three APMV-8 proteins (nucleoprotein NP,
phosphoprotein P, RNA dependent RNA polymerase protein or protein L) were cloned
into the eukaryotic expressions vector pcDNA3 (Invitrogen, California, USA). To this
end, the RNA of allantoic fluid containing APMV-8 was purified using the High Pure
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Vaccination with APW-8 at day 18 of incubation 1035EI D50 1001,t1 per egg
1045EI D50 1001,t1 per egg 0.9% sterile NaCl saline Exanple 6 Devel opnent
of reverswogendnpess of the APM/-8 strain and generati onPofi/USBMOAS 1Mt ant s
expressi ng heterol ogous genes Construction of the expression plasmds
containing the NP, P. and L genes of APW-8 [0152] For the establishnment of
a reverse genetics system for paranyxoviruses, the establishnment of

| asm ds essing.the praoteins involvyed. in vir RNA replication is
P aont | SR SARLERAbER it ERght Harti NS Bty Toe Dot h R p B e b R ST G
(nucl eopfraiseliptidihol PO RNARIPE8 HIRR TRNER A8 RENHR Mt RN PRI Ter 28R ROt ei n

or protein L) were cloned into the eukaryotic expressions vector pcDNA3
(I nvi t r odtmehe)CAhe Odvhisiod theysaieins Teere hinpliBediysindide Rgropfiatgipriarer pries:f | ui d

cont ai ni e WWP?NWP)PW&HP?Q-IE?){ EQLEI&‘? Lﬂ(ﬁﬂ S8l 9]. The reactions
products were separated on a 0.7% agarose gel and eluted from the gel using the
QIAquick Gel Extraction Kit (Qiagen, Hilden, Germany) following the protocol provided
by the manufacturer. The RT-PCR fragments were incubated with the appropriate
restriction enzymes (NP and P with Eco RI/Notl; L with Kpn I/Notl), gel eluted again
and ligated into the eukaryotic expression vector pcDNA3 cleaved with the appropriate
restriction enzymes. The ligation reactions were transformed into Top10F cells
(Invitrogen) and plasmid DNA harvested from the Top10F cells was digested with the
appropriate restriction enzymes (see above). Plasmids containing DNA fragments
(pcDNA-NP, pcDNA-P, pcDNA-L) with the appropriate size were sequenced.

Table 9. Primer for amplification of the genes for the proteins of the

RNP complexes

Primer Primer sequence? Orientation® | Position® SEQID NO:

name

NP-FP-pc3 Eco RI sense 141-168 41
CCGAATTC ATGTCATCTGTGTTCAATGAGTATCAGG

NP-RP-pc3 Not T antisense 1501-1526 42
cCcGCGGCCGCTTACCATTCTAGCCCGTTCTCGTATG

P-FP-pc3 Eco RI sense 1693-1714 43
CCGAATTCATGGATTTCGCCAATGATGAAG

P-RP-pc3 Not T antisense 2881-2910 44
CCGCGGCCGCTTACGCATTATATATTGCCTGCTTGACTCG

L-FP-pc3 Kpn I sense 8292-8320 45
CCGGTACCATGGATATAAAACAAGTTGACCTG

L-RP-pc3 Not I antisense 14989- 46
cCcGCGGCCGC TTATTTCAACTTGATGATTGCACCG 15013

[0153] 4 The primer sequence contains the restriction enzyme
cleavage sites used for cloning. The restriction sites are bold and
identified. The start and stop codons are highlighted by italics. Virus

specific sequences are underlined.

[0154] b The orientation of the primer sequence in accordance with

the viral messenger RNA.

[0155] € The position are the virus specific sequences in the full

length genome as shown.
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WD 2011/ 022656PCT/ US2010/ 046179 RNA Isol ation Kit (Roche, Basel,
Switzerland). The purified RNA was used for reverse transcription

pol ynmer aswochaia2¢seact i on (RT- PCR) using the Titan One PobaSRNIoBER7KI t
(Roche). The ORFs of the proteins were anplified using the appropriate
primer pairs: [NP (NP-FP, NP-RP), P (P-FP, P-RP), L (L-FP, L-RP), see table
9]. The reactions products were separated on a 0.7% agarose gel and el uted
fromthe gel using the Q Aquick Gel Extraction Kit (Q agen, Hilden,

Germany) followi ng the protocol provided by the manufacturer. The RT-PCR
fragrrents were incubated with the ap roprlate restriction enzymes (NP and P
with ECO Dj| \_-‘tilvAa.,_C“Q,u 1RE) wa' hQIHORYE O g‘,gg grl d ||gated into the
eukar yot pr

estr ot [BRBLn S RE IR LGS B o f*@“%dé% R e i ot PREMAP B 1 or
celI's (1 m¢icDNYg@ejonanef the el daﬂ‘}bﬁt%alrzv@@@dcﬁmpmwh%rﬁdp&ﬁfbmh bs was
digested with the appropriate restriction enzynes (see a ove%Eég Pl asm

cont ai mwsgm&?xatﬁiiaamﬁéﬂ% SEHEBRAINPO eIt marts §o PRIOL Y -Rk- P nsee %Bébpru ate
size wergy ¢LGT ng(gﬁNoDm)rmﬂhmaﬁwﬂ%ér GaLd dmaleglzea figngenes for the

proteins o P co xes Pri‘mer nane encea Orientationb
posi ti onn:ucf&ﬁﬁdb D-NGZ. Rifeddhpthd AHM VR scjoGRRATT Esd&;ﬁ@f@%‘ﬁﬁ‘s‘ﬁ@@d‘ﬂ'@ﬁg@@m ATCAGG

sense

the CMV-IE promoter, followed by a restriction enzyme cleavage sequence for Xmal (for
possible subsequent cloning procedures) and the hammerhead ribozyme sequence. At the
5’-end and the 3’-end of the sequence, restriction enzyme cleavage sites for Not I and
Sacll were added, respectively. The synthesized 3’°-part (3’-FLG, SEQ ID NO:48) of the
sequence (nucleotide 5503-15342) is followed by the hepatitis delta ribozyme sequence
and poly-A signal sequence of the bovine growth hormone. For cloning purpose, the
sequence for the Not I restriction enzyme was added at the 5°- end of 3’-FLG and the
sequence for the Sac II restriction enzyme was added at the 3’-end of the sequence.
Within the overlapping parts of 5’-FLG and 3’-FLG (nucleotide 5503-5564), the
sequence for a unique restriction enzyme (Bmt 1) was located which cleaves at nucleotide
5541 of the full length sequence. Both parts of the DNA (5’-FLG, 3’-FLG) were ligated
separately into the plasmid pUCS57 (Genscript) resulting in the plasmids pUC57/5’-FLG
and pUC57/3’-FLG. To clone both fragments together, pUC57/5’-FLG was cleaved with
Bmtl and Sac II and the 5’-FLG-containing plasmid was gel eluted. In parallel,
pUC57/3’-FLG was cleaved with the same enzymes and the fragment 3’-FLG was cluted.
The 3’-FLG was subsequently ligated into 5’-FLG-containing plasmid to obtain a
plasmid which contains the full length cDNA sequence of the APMV-8 genome under
the control of the CMV-IE promoter (pUC57-FL-APMV-§).

Construction of the plasmid containing the minigenome of APMV-8

[0157] The plasmid containing all functional elements of a minigenome for APMV-§
(PMG-APMV-8) was constructed using the method described by Conzelmann, et al. (J
Virol. 68:713-719, 1994). Plasmid pMG-APMV-§ contains the trailer and leader region
of the APMV-8 genome which is flanked by the T7 promoter and the antigenome
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141-168 41 NP-RP-pc3 Not | ccGCEECCGC TTACCATTCTAGCCCGITCTCGTATG anti sense
1501- 1526 42 P-FP-pc3 Eco RI ccGAATTCATGGATTTCGCCAATGATGAAG sense
1693- 1714W020R/BB5pc3 Not | ccGCGECCGEC TTACGCATTATATATTECUISANICACITCG

hepatitis delta virus ribozyme sequence (Collins, et al., PNAS USA 88:9663-9667,
1991).The antigenome hepatitis delta virus ribozyme sequence is followed by a T7
transcription terminator sequence. Between the trailer and leader region the coding
sequence of the enhanced green fluorescent protein in antisense orientation is located.
Preceding the trailer sequence and immediate after the T7 promoter three additional G
residues are located. The insert is flanked by the restriction enzyme cleavage sites Eco RI
and Not I and was cloned blunt end into the plasmid pUCS57. This construct was
subcloned into the plasmid pUC18. To this end, plasmid pMG-APMV-8 then was
cleaved with Eco RI and Hind III and the appropriate fragment was gel eluted and ligated
into the appropriately cleaved plasmid pUC18 to obtained puC18-MG-APMV-8. The

presence of the insert was confirmed by sequencing.

Generation of an expression plasmid allowing the expression of the T7 polymerase

[0158] For the generation of a plasmid encoding the T7 DNA dependent RNA

polymerase (T7 polymerase) the coding sequence (GenBank accession number
AY264778) was synthesized by Genscript. The T7 polymerase sequence (SEQ ID
NO:49) was modified for optimization of the codon usage for expression in a eukaryotic
system and to remove possible splice donor/acceptor sites in the sequence. The T7
polymerase encoding sequence was flanked by an EcoRI (5”) and Notl (3’) site. The
synthesized fragment was cloned blunt end into the vector pUCS57 (pCUS57-T7). This
plasmid was cleaved with EcoRI/Notl and the T7 polymerase-encoding fragment was gel
cluted. The fragment was then cloned into the eukaryotic expressions vector pcDNA3
(Invitrogen) to obtain pcDNA3-T7. The presence of the fragment in the vector pcDNA3-

T7 was verified by sequencing.

Generation of a plasmid for the expression of the enhanced green fluorescent protein with

the use of an internal ribosomal entry site under the control of a T7 promoter.

[0159] To test the functionality of the T7 polymerase, the open reading frame of the
enhanced green fluorescent protein (EGFP) was amplified by PCR using the plasmid
pEGFP-N1 (Clontech, California, USA) and the primer pair:

EGFP-FP (CCGGATCCATGGTGAGCAAGGGCGAGGAGCTG) SEQ ID NO:50 and
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anti sense 2881-2910 44 L-FP-pc3 Kpn | ccGGTACCATGGATATAAAACAAGTTGACCTG
sense 8292-8320 45 L-RP-pc3 Not | ccGCGECCGC TTATTTCAACTTGATGATTGCACCG
ant i sensew0498922¢56013 46 PCT/US2010/046179

EGFP-RP (CCGCGGCCGCTTACTTGTACAGCTCGTCCATGCCG) SEQ ID NO:51
[0160] The obtained PCR fragment was gel eluted and incubated with the restriction
enzymes BamHI and Notl. The reaction product was gel eluted and ligated into the
appropriately cleaved vector pCITE 4A (Novagen). The obtained plasmid (pCITE4A-
EGFP) was used for subsequent experiments. Plasmids pCITE4A-EGFP and pcDNA3-
T7 were transfected alone or in combination into the chicken cell line DF1 grown in 24-
well-plates using Lipofectin 2000 (Invitrogen). Twenty four hours after transfection, the
medium was removed and sterile phosphate buffered saline (PBS) was added. The cells
were evaluated using the inverted fluorescence microscope Axiovert 40 CFL (Zeiss, Jena,
Germany). Green fluorescence was only observed in wells of the tissue culture plate
which was co-transfected with both plasmids. This result indicates that both plasmids,

pCITE4A-EGFP and pcDNA3-T7, were functional.

Validation of the functionality of the expressed viral proteins NP, P, and L using the

minigenome plasmid
[0161] DF1 cells were co-transfected with pcDNA3-T7, pUC18-MG-APMV-§,
pcDNA-NP, pcDNA-P, and pcDNA-L to validate the functionality of the expressed NP,

P and L proteins. Twenty four hours after transfection, the medium was removed and
sterile phosphate buffered saline (PBS) was added. The cells were evaluated using the
inverted fluorescence microscope Axiovert 40 CFL (Zeiss, Jena, Germany). Green
fluorescence was only observed in wells of the tissue culture plate which was co-
transfected with the 5 plasmids. This result indicates that the expressed viral proteins NP,
P and L were functional to transcribe the APMV-8 minigenome into mRNA and express

the EGFP protein encoded by pUC18-MG-APMV-8.

Rescue of AMPVS virus from plasmid containing the full length sequence of APMV-8
[0162] DF1 cells were co-transfected with pUCS7-FL-APMV-8, pcDNA-NP,
pcDNA-P, and pcDNA-L. After 48 to 96 hours, the supernatants of the DF1 cells were

inoculated in 10-day-old embryonated eggs to propagate the virus. After 3 to 5 days, the
allantoic fluid was harvested and tested for hemagglutination activity (HA) using 1%

chicken red blood cells. Allantoic fluid tested positive for HA activity was used for three
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[0153]a The primer sequence contains the restriction enzyme cl eavage sites
used for cloning. The restriction sites are bold and identified. The start
and st op wodonm2a656 hi ghli ghted by italics. Virus speci PCT/Gsequanaes are
underlined. [0154]b The orientation of the priner sequence in accordance
with the viral nessenger RNA. [0155]c The position are the virus specific
sequences in the full Iength genorre as shown. Construction of a plasmd
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pol ynerase (T7 polymerase) the codi ng sequence (GenBank accessi on nunber
AY264778) was synt hesized by Genscript. The T7 pol ynerase sequence (SEQ ID
NO 49) waworeodi2eesd for optim zation of the codon usagePCorUSexip/es39 on in a
eukaryotic systemand to renpove possible splice donor/acceptor sites in the
sequence. The T7 pol ynerase encodi ng sequence was flanked by an EcoRl (5')
and Notl (3') site. The synthesized fragnent was cloned blunt end into the
vector p (p 7-T7{). .This plasm d cl.eave i t ./ Not| and the
17 pol yobiRde Bt drsilor deSabredi Pt T ek Bibyat + RelaRe e o pon

cl oned [rrglérﬁtrhﬂé‘%nt%%mf YOdiFEreRX Qe8RS bR iMRatOls RERMASH CYAYi Tt [\a8§Rkrd # Obtain
pcDNA3-T7. The presence of the fragnment in the vector pcDNA3- T7 was

veri f i edsuipbegoenfirmultidenpecats. on of a plasnid for the expression of the
enhanced green fluorescent protein with the use of an internal ribosonal
entry site under the control of a T7 pronoter. [0159] To test the
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eggs to propagate the virus. After 3 to 5 days, the allantoic fluid was
har vest eglyesrotcinsgands from ihtsatieuyl latyngetrdcheitiagtrtbvi ty (HA) using 1% chi cken
red blood cells. Allantoic fluid tested positive for HA activity was used
for three procedures. 1) DF1 cells were infected wwth the allantoic fluid
and tested 36 hours afterEkahphi7 orvadcinatian okain8isspeci fic antiserum for
the presence of APW-8 protein expression in an indirect imunofluorescence
assay. 2) The allantoic fluid was tested for APW-8 specificity using an
APW- 8 s ki cC i r : I t.he. I I e eterinary
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further propagated in enbryonated SPF chi cken eggs. Propagation of APMW-8
in cells other than chicken origin [0163]Cells fromdifferent species

[ hamst er (Baby hanster ki dney cells, g K-21 cells), nonkey (Vero cells,

cell Iine with the origin of the kidn of an African green nonkey), and
cani ne (Madi n-Dar by canine kidney cells, MDCK), and quail (Quail nuscle
cell Iine QW)] were grown in 24 well tissue culture plates and infected

with a multiplicity of infection of 0.01. The cells were fixed with ice
col d ethanol 24 hours after infection and analyzed for the presence of
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were infected wwth APW-8 as descri bed above. After infection the cells
were rinsed with serumfree nmediumand either overlaid with

trypzi n- cwotaimizeggeser um free nediumin a concentrati onPeofi/usegomiicior wth
serumfree mediumonly. Twenty four, forty eight, and ninety six hours
after infection the cell supernatants were renoved and the TC D50 was
determ ned on DF1l cells using indirect imunofl|luorescence as descri bed
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bacterial antigen can be cloned into the backbone of the APW-8 sequence.
O her possible antigens which could be inserted into the APW-8 genone are
the fusion protein of the Newcastl e disgease virus, the S protein of avian
bronchitis virus, other hemaggl utinin genes fromnon-H5 and non-H7 avi an

i nfluenza virus, the chicken anem a virus structural protein gene VP 1,
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adm ni st inathtamsitdy tosbepmidomstdodakdt thieavemionfdetined bptipadotd paragraphsas aotne
contai ning the reconbinant APW-8 virus (viral vector) as described in
exanpl e @%eﬂwﬂ%tpd%@wg % flptaHs S*?Fg‘?liﬂbl!i’stﬁ%la‘?ﬁVﬁi HE0838 MRAE 2PRAEYr ned, for
exanpl e, vi BN OrmRARE HeSol@ble et Rpaftind frdth 1 spRttRE ULANCRYR: froht at
oneday-oTé,IOr nucosaF%% n?nistrat&%ﬁ/?%bgay, J?inkindﬁ&bter,ﬁeye drop) at
di f f erentnvagfes. The dose is between 3 and 7 log 10 (preferably 4-6 1og 10
El D50). For mammal s, nucosal route (intra-nasal, intra-ocular, oral) or
parenteral (IM SC, needle-free, trans-dernal or intra-dermal) is used. The
dose rangagof r omiPddAnintsGtell BF RifEEARIN RSB (1hefbin cifdiiRAMLAL St hRf dpNs are
usual |y perforned at 3-4 weeks interval. Heterol ogous prine-boost (for

i nst ancedodyosts aiicd hr miotededs) hewsul dtcdalogimentadogatheigatuany [ 0168] The
protectiyve ficacy induced by .the comositiop or vaccine is.eval.uated
et not | iR R R, TR RIS Sy ARG PR AR B Ve

ef fect i snyepradiuas @entidhed lherdircéd in@BS doyiahdr iscogitdited by kéfalentOlRgciaf art he

speci fic pathogen in tissues, blood or nucosal swabs. The bl ood sanpl es

f r om t heh&ralseinferpattedionein by apferongg.and atay\bgronmley cdtin fresragige v diced f or
serol ogy;, . Ihe results show that the conposition or vaccine of the present

i nvention I's I mmunogeni ¢ and provides protection in the vaccinated ani mal s.
*** [0169] Having thus described in detail preferred enbodi nents of the

pr esent
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invention, it is to be understood that the invention defined by the above
paragraphs is not to be limted to particular details set forth in the
above deswoiptiaeesas many apparent variations thereof areTss@Giobh@7 t hout
departing fromthe spirit or scope of the present invention. [0170]All
docunents cited or referenced herein ("herein cited docunents”), and al
docunents cited or referenced in herein cited docunents, together with any
manuf act S instructions, descriptions, product speC|f|cat|ons and

pr oduct §ﬁ§8¥§e%or any products mentioned herein or in any document

i ncor por at edcbidELh 98 NS AT fbas@pex ERENY, DGOk RRUREERdNEr ei n by
reference, and may be enployed in the practice of the invention.
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What we claimis: 1. A conposition or vaccine conprising (i) a reconbi nant
APW viral vector and (ii) a pharmaceutically or veterinarily acceptable
carrier. WO 20h2eeaposi tion or vaccine of claiml1l, wher @CH/USR&OARNW i s
APW- 8, APW-2, APW-4 or APW-6. 3. The conposition or vaccine of claim1l
or 2, wherein the APW/ viral vector conprises a polynucl eotide having at

| east 90% sequence identity to a pol ynucl eoti de having the sequence as set
forth in SEQ ID.NO 1 or a.polynucleoti.d onpl enment ar 0 | ynucl eot i de
havi ng. at _IERETBbUIWEHISHES ThaBms Ryt 1D RS Eeabl e el RlfEine
sequence ag &&ivieardasim_$=Q ID NO.I. 4. The conposition or vaccine of any

one of clains 1-3, wherein the APW viral vector further conprises an
i sol at ed>poigptuct ebt (6@ Nodiantde aliscasst vigen expneshing &tde hampg@utyoh ygane| eot i de

is inserted in _a popessenti regi.on,.of the APMW. genonme, 5. The ¢ osition
or vacer ne Peree sPRRGR GRS ERLS RuRaal R, FHY HEEREAT PioeafBE E0RBr om ¢ ne
regi ons COMtidhhlNcadbmy o SaRe¢A! BIB(2 BY8 7-¢xpoat ed upstream of the NP open
readi ng frane, intergenic regions between two open readi ng1 frames of the
APW gendheVelsid. eind.r BV Qriba- snspasamyevauess fasnmsgietagafet! dugks:L open

readi ng fr A ' r [ t Ni vector,
wher ei n thgﬂgn%%tggéﬁggﬁogg %g\é;sgq{)]f}gslplﬂﬁﬁ%%gé ?%%S%?r{{t%&%‘ﬁ@&w 7|g’jztﬁal%n'ome an

i sol at ed5h0fanune] &al.| H¥82I Charaterigg®anifiaadan pegnoRoviudehsohRMrgaiaae. 7. The
met hod of claim6, wherein the APW is APMW-8, APW-2, APW-4 or. APW-6. 8.
The net hod Wekdip g NdaPan: huessnee eHhreasingbHpsEsBnafrgdYligieRiPeot i de
havi ng at 'Iﬁﬁﬁho?@&%ﬁﬁ@i&‘.ence identity to a pol ynucl eoti de having the
sequence as set forth in SEQ ID NO 1 or a polynucl eotide conplenentary to a
pol ynucl &btdhdeg,tehel. ri§0adt SdrelagicaDi¥veyamueocaericd efitntibodies taaypeh ynucl eot i de

havi ng the sequence as set forth in SEQ | D_N 9. The method of any one
of clains GUBTIRAEIE $IetHRe Hhég@%'rﬁYlﬁ?Dﬂ%amJ'f)s sel ected fromthe regions
consi sti 5¢ Zfanynk kRND0B! BElaliSfii Qhtifesdie dndBsihpRR0N 8F fdub BolResaF@aRiaheadi ng
frame, intergenic regions between two open reading frames of the APW
genome, andgapmyxangiatceetypeyirobhingcyien Diod#ista-8&m of the L open readi ng

frame. 1 The t a ne of .clains 6:9, wherein the t ho

conpr i sed - Sty 200y Loaiils S5 fh sEaRrEutl Bl h e i BLIRhg e, p
and L geneNow) GhsRmRaitigko¥itu-SFOT Idopitédi CHias ithsa®mRs BeilBg1an i sol at ed
pol ynucl eotide in a nonessential region of the full |ength APW genone; c)
transfection of the expression plasm ds and transcription plasmd into a
host cell; d) rescuing/recovering the infectious APW virus fromthe host
cell.
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11. The nmethod of any one of clains 6-9, wherein the nmethod conprises the
steps of: a) preparing expression plasm ds expressing NP, P and L genes; b)
prepari ngvea 2briangessi pti on plasm d conprising an i sol at eg¢CpalSgnmuoka@cti de in

a nonessential region of the full |length APW genone; c) preparing an
expression plasm d expressing T7 polynerase d) transfection of the
expression plasmds and transcription plasmd into a host cell; e)
rescui ng/ recovering the infectious APW virus fromthe host cell. 12. A

met hod for inducing an inmunol ogi cal response in an aninmal to an antigen
conprising inocul ating the ani mal wtRp@sconposition or vaccine conprising
a reconbi nant APW viral vector, wherein the reconbi nant APW viral vector
cogﬁridsewlarm_e@kaplmesake]s t he ?Eti gen of I a pat lhogen for said animal. I 1?. ;I'Ee
met hod of c| aim erei.n the inmunol ogi c r e. ln an an o the
anti gen 1's 7 RertReHioISof s ke tRe NEs R TR EARERT S R6r 28 B 1o,
wher ein th%hmmditédaﬂyA@vwaemé@?wag&pta@m;ﬁ?qr. Ij eIAIP m por ci ne, bovine,

ovi ne, or hunan. .. An unnodi fied or nodifie / virus conprising a

pol ynucl 2otlihlgsonppsitiorar vacsimeohelagn duphesisthe iPAGY ds APMVE, ABM¥rdel eot i de
havi ng at | 909 lence identity to a polynucleotide having the
sequence asjﬁg\gt\/ %9/%EW%SEQ ID NO. 1 or a polynucl eotide conplenentary to a
pol ynucl gotlihdeohpusitign at vdcemstof 90%n I a2enbercidda AN Vivirabv@aedry nucl eot i de
having the sequence as qu forth in 1SEQ (I)OD NO 1;.Db) .a polynucl eot-(iide

havi ng at [ceE®Fsecopduyisetide hadng pilgast 80% ssansrse iicBbty taé nehawalieatids

pol ypept i dg, Dy ihgkdy s G945 ASSBEUDHE LiMriahoRFRc Bt GnplBment

pol ynucl eo?lladeghavsleﬁg act ﬁeast 90%]§§quencerblr§g)no§ﬁ§eté a poqyna%lagoti de
havi ng t he tsegubnodcasdesmtvinpat idast 90BEEQueizeNde2ity ar a polgpoholeniclk davinge

conpl grrenta]g @tg’ma ;e)ol r}uc}nfgo ﬁ% ﬁéﬁ% at Iea]’si, ngggeq%ence ide%ti ty to
a pol ynucl é_ ?eﬂﬁel}‘fﬁ\??ﬁé ’Plﬁlé“h%]'a RAOds " set forth in SEQID NO2; ¢) a

pol ynucl gotideohpyiiNen 8 vdceAslof IN/oREHUENRR 1LHM-diY oA PVROL YA Wekept | de
encodi ng a pol ypepti de having the sequence as set forth in SEQID NO5, a
pol ynucl eotfiglecrivamiprigesain ipadaisd polgaseenfidersoeodinem itigencand wloirgintled eot i de
havi ng the sequence,as.set _forth in S D NO. 4, ol ynucl eoti de

conpl ament APP LGRS JRGErLOt reemsorigeden phls 005 Satnce T dentity to
a pol ynus! enicicdmpbaubmer Vdteins®AURNES, Ahcizhi tht AbhdisdntiaBE@onDs NRkded d) a

pol ynucl eoti de having at | east 90% sequence identity to a EOl nucl eoti de
encodi ng a fiser fisapgiparecansiviing ot wiragelgicd egion locgiet upgraam ofthsEB apNNO 7, a
Pavi ng-t ho "CA 8 dn g R G AR AP S Rl bR e R A G
conpl ement agyorhe, aad pairymilitédriziotdodwsd dtgvr&trehﬁ@%thego%aﬂ@axﬁﬁg&ahﬂent ity to
a pol ynucl eot i ci% Glaw ng the sequence as set lforth. in SE(?&I D NO 6; e) a

pol ynucl &ot’t BEREVPHRIOALCINBESPME TR S& Gien il VaERE RFr B e 1BEiNYhuct eot i de
encodi ng a g Yiﬁ&g_ﬁé gl?roﬂﬁ?’tio'ﬁgn{oqﬁe %@M‘@g@&rﬁéﬁ%&a{&fﬁoﬁydu@le%&% 3 NO 9, a
pol ynucl eoti d aving at [east 90% sequence 1dentity to a polynucl eoti de
havi ng t he neecpsenrméreasonsaithd APMV igan®&Q | D NO. 8, or a pol ynucl eoti de

2 pol ynod dstrienatiai he et ares M AP SR i VB R Y 1

APMV-6.

8. The method of claim 6 or 7, wherein the APMV comprises a polynucleotide having at
least 90% sequence identity to a polynucleotide having the sequence as set forth in
SEQ ID NO:1 or a polynucleotide complementary to a polynucleotide having at least
90% sequence identity to a polynucleotide having the sequence as set forth in SEQ ID
NO:1.

9. The method of any one of claims 6-8, wherein the nonessential region is selected

from the regions consisting of untranslated region located upstream of the NP open
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f) a polynucl eotide having at |east 90% sequence identity to a

pol ynucl eoti de encodi ng a pol ypepti de having the sequence as set forth in
SEQ | D N(wo2Xaive2¢sel ynucl eoti de havi ng at | east 90% seqremas20idoniirey to a
pol ynucl eoti de having the sequence as set forth in SEQ ID NO 10, or a

pol ynucl eoti de conplenentary to a pol ynucl eoti de having at | east 90%
sequence identity to a polynucl eotide having the sequence as set forth in

SEQ I D NO 10;,.an .a pol ynucl eoti de having at ].east 90% se e identity
Co . pol yndgidudt At dREBI g eGOBO P BERt MO PHETE REmSeeh B aL Y set Tort b
in SEQ ID Nehorks and uRRhWIME] RBIdnd6c@YddihsBbarh 82 e 19056rSRAURRGEmedent ity to
a pol ynucl eoti de encodi ng a pol ypepti de having the sequence as set forth in

SEQ | D N®. Th¢ methgsbofyanysine of cldemh@Pi wherain the asthodowmpeigescthe stepsleft ity to a
pol ynucl eot:)de havi ng t he seﬂ‘gen(gse as setpfoi)th iITr:%lSEQ ID NGO 12, or a

pol ynucl eot?) dEREHS FRERTAP V148145 SSBISoHIR Nof 1288 PHg at | east 90%
sequence i dgnpiehdtiriga Rardoti |e@hid d6mpavinD Gn ifdeatSEHdINEEeotide sed forth in
SEQ | D NG (%)g.ple}é. 1'lg(k)]ae m)‘dilgltimeﬂéé API\}V v?nrlpus1 gfncl aim15 furt he? conpri sing an
i sol ated pol yrenebestiplgegipnoéthedull langth ABNBSsenomcal regi on of APM genone.
17. An isol at . I . . i St f: a) a
pol ynucl eotC?dggﬁgé&#lﬁgHg{h%%%g%? Sl%wgﬁél%gﬁég@g eﬁ?ﬁ% @H?%l%glﬂf)ooal @dﬁgg?lgot i de
havi ng t he djegyarnegraasvaiig thoiféctions SPQIV RirdiOfrdmahe Bopetly.nucl eot i de
conplenmentary to a pol ynucl eotide having. at | east, 90% sequence identity to
a pol ynutl-ddieimgghehed amy Opﬁ@?gléa%@r@ewa%reg@%e qm GORIPEERY tﬁbsm Ofcii; b) a
pol ynucl eot,;id i : % i i .0 a pol ynucl eoti de
encodi ng ata?)oﬁﬁgir%%g:%‘«?ﬂ%%\t}??g“%t &egé)sxggegée{ﬁ ?ég%gg?“ é%lre%’h in SEQID NO 3, a
pol ynucl eoth)dgreharuigmgtratsctiptast pl @084l compesiog ah deitdted polymuceqide ymaicl eot i de

havi ng the sequence _.as set rth in SE NO 2, or a polynucl eotide
conpl enent ar yn‘flﬁssin'ﬁ%lrﬁgf%logg‘teifﬁ]éﬁ%%%L& EYPRLY 90% sequence identity to
a pol ynucl %9tfn‘é§arh?gvdnr&tp%élaﬁoﬁ DYBIE SRS RBIT T Wlfhlerale SEQ ID NO 2; ¢) a

pol ynucl eoti de having at |east 90% sequence identity to a pol ynucl eotide
encodi ng a dpoirgpéestiodef Hewaxptessibe pherpidsriod tragsosiption plesinid mtGE®H ELINO 5, a

pol ynucl eot | de _having at.|east .90% s ce identity to pol ynucl eot i de
havi ng t he cletaaniemEePbine BElnnchS SBU RERLIGA b} Fol By et ot i de

conpl ement & yhethdd FoPRUNELE he Fhmdeolbaicilngspahsd RantanBR0S efueiea | dentity to
a pol ynucl eoti de having the sequence as set forth in SEQI1D NG 4; d) a

pol ynucl eotcPE@ripiaginsulting diesanimplonidle o Gempesifieieeit Vacying 60mPBHPY Auc eot i de
encodi ng a i j e j ID NO 7, a
pol ynucl eott AatRaR AIRLY YD EAUTHAEHERE FecBTtBEh APV 01 cot e
havi ng t he compiesscadaspeedes tlar dnigemofSEpAthdgech@bsaidanimapol ynucl eot i de
conplenentary to a pol ynucl eoti de having at | east 90% sequence jdentity to
a pol ynutt-ddeingghahed chgm %@@Eﬁ@%ﬂ@émayng&glqagﬁswrwﬁ stmmaﬁa%? e) a

pol ynucl eotj,de.havi @{na{llg@,ﬁg_bgg%rggqﬁg_ence identity to a polynucleotide
encodi ng a po?eypeptcl&gee havi ng theS sequence as set forth in SEQID NO 9, a
pol ynucl &btlihdendibod eftclam 12 adieredd theswguans eviag equint ycanmeafepoé,ypoucheot | de
havi ng the sequence as,set forth in SEQ ID NGO 8, or a polynucl eotide

conpl enent &Pyl oovén%SH}Wg}ﬁlil'eoti de having at |east 90% sequence identity to
a pol ynugd eqf iftfodifvd HOmbiigicd APNEVGRud Sodptisih@h hblynlcIShfde! DI §ion ) @

pol ynucl eoti de having at | east 90% sequence identity to a pol ynucl eotide
encodi ng a thogippegenstéinealii ng t he sequence as set forth in SEQID NO 11, a
pol ynucl eot i de havi.ng, at. | east % sequence j.dentity to a.polynucleotide
havi g the tegulRelognRing Tty DO AT BRI TE Y B BT e

conpl ement aeyuchee & Roforthlia|SEY) DN avt hgoBhutieside RaiEaaianesai dentity to
a pol ynucl eoti de havi ng the sequence as set forth in SEQ ID NO 10; and g) a
pol ynuc| eotPol@uplgotigrghaying & desst YPosengoenideantityéne pelynudeqidsdiayimgdheot i de
encodi ng a ' [ guence as set forth in SEQID NO 13, a
pol ynucl eotslp g)ﬁﬁeg%’sféﬁg?oﬁh%ﬁggg)[ f%gl‘?%?g’equence identity to a pol ynucl eoti de
encodi ng baapolynpdpbtiddchakang an teabi o6 eguenaca dagity & a palyhiclénidSerddhdND. 14, a
pol ynucl eoti de haying. at_ |east 90% sequence identity to a pol ynucl eotide
havi ng t he PSRERMRAINLIRE SGIYFRET %Sﬁefégéﬁﬂ R@I%ﬂ%)-%@palwpk?ﬁ eoti de
conpl enentary to a pol ynucl eoti de having at | east 90% sequence identity to
a pol ynucl eoti de having the sequence as set forth in SEQ I D NGO 12.
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having at least 90% sequence identity to a polynucleotide having the sequence as set
forth in SEQ ID NO:2, or a polynucleotide complementary to a polynucleotide having
at least 90% sequence identity to a polynucleotide having the sequence as set forth in
SEQ ID NO:2;

¢) a polynucleotide having at least 90% sequence identity to a polynucleotide encoding a
polypeptide having the sequence as set forth in SEQ ID NO:5, a polynucleotide
having at least 90% sequence identity to a polynucleotide having the sequence as set
forth in SEQ ID NO:4, or a polynucleotide complementary to a polynucleotide having
at least 90% sequence identity to a polynucleotide having the sequence as set forth in
SEQ ID NO:4;

d) a polynucleotide having at least 90% sequence identity to a polynucleotide encoding a
polypeptide having the sequence as set forth in SEQ ID NO:7, a polynucleotide
having at least 90% sequence identity to a polynucleotide having the sequence as set
forth in SEQ ID NO:6, or a polynucleotide complementary to a polynucleotide having
at least 90% sequence identity to a polynucleotide having the sequence as set forth in
SEQ ID NO:6;

¢) a polynucleotide having at least 90% sequence identity to a polynucleotide encoding a
polypeptide having the sequence as set forth in SEQ ID NO:9, a polynucleotide
having at least 90% sequence identity to a polynucleotide having the sequence as set
forth in SEQ ID NO:8, or a polynucleotide complementary to a polynucleotide having
at least 90% sequence identity to a polynucleotide having the sequence as set forth in
SEQ ID NO:8;

f) a polynucleotide having at least 90% sequence identity to a polynucleotide encoding a
polypeptide having the sequence as set forth in SEQ ID NO:11, a polynucleotide
having at least 90% sequence identity to a polynucleotide having the sequence as set
forth in SEQ ID NO:10, or a polynucleotide complementary to a polynucleotide
having at least 90% sequence identity to a polynucleotide having the sequence as set
forth in SEQ ID NO:10; and

g) a polynucleotide having at least 90% sequence identity to a polynucleotide encoding a
polypeptide having the sequence as set forth in SEQ ID NO:13, a polynucleotide
having at least 90% sequence identity to a polynucleotide encoding a polypeptide
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having the sequence as set forth in SEQ ID NO:14, a polynucleotide having at least
90% sequence identity to a polynucleotide having the sequence as set forth in SEQ ID
NO:12, or a polynucleotide complementary to a polynucleotide having at least 90%
sequence identity to a polynucleotide having the sequence as set forth in SEQ ID
NO:12.

16. The modified APMYV virus of claim 15 further comprising an isolated polynucleotide
inserted in a nonessential region of APMV genome.

17. An isolated polynucleotide selected from the group consisting of:

a) a polynucleotide having at least 90% sequence identity to a polynucleotide having the
sequence as set forth in SEQ ID NO:1 or a polynucleotide complementary to a
polynucleotide having at least 90% sequence identity to a polynucleotide having the
sequence as set forth in SEQ ID NO:1;

b) a polynucleotide having at least 90% sequence identity to a polynucleotide encoding a
polypeptide having the sequence as set forth in SEQ ID NO:3, a polynucleotide
having at least 90% sequence identity to a polynucleotide having the sequence as set
forth in SEQ ID NO:2, or a polynucleotide complementary to a polynucleotide having
at least 90% sequence identity to a polynucleotide having the sequence as set forth in
SEQ ID NO:2;

¢) a polynucleotide having at least 90% sequence identity to a polynucleotide encoding a
polypeptide having the sequence as set forth in SEQ ID NO:5, a polynucleotide
having at least 90% sequence identity to a polynucleotide having the sequence as set
forth in SEQ ID NO:4, or a polynucleotide complementary to a polynucleotide having
at least 90% sequence identity to a polynucleotide having the sequence as set forth in
SEQ ID NO:4;

d) a polynucleotide having at least 90% sequence identity to a polynucleotide encoding a
polypeptide having the sequence as set forth in SEQ ID NO:7, a polynucleotide
having at least 90% sequence identity to a polynucleotide having the sequence as set
forth in SEQ ID NO:6, or a polynucleotide complementary to a polynucleotide having
at least 90% sequence identity to a polynucleotide having the sequence as set forth in
SEQ ID NO:6;
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¢) a polynucleotide having at least 90% sequence identity to a polynucleotide encoding a
polypeptide having the sequence as set forth in SEQ ID NO:9, a polynucleotide
having at least 90% sequence identity to a polynucleotide having the sequence as set
forth in SEQ ID NO:8, or a polynucleotide complementary to a polynucleotide having
at least 90% sequence identity to a polynucleotide having the sequence as set forth in
SEQ ID NO:8;

f) a polynucleotide having at least 90% sequence identity to a polynucleotide encoding a
polypeptide having the sequence as set forth in SEQ ID NO:11, a polynucleotide
having at least 90% sequence identity to a polynucleotide having the sequence as set
forth in SEQ ID NO:10, or a polynucleotide complementary to a polynucleotide
having at least 90% sequence identity to a polynucleotide having the sequence as set
forth in SEQ ID NO:10; and

g) a polynucleotide having at least 90% sequence identity to a polynucleotide encoding a
polypeptide having the sequence as set forth in SEQ ID NO:13, a polynucleotide
having at least 90% sequence identity to a polynucleotide encoding a polypeptide
having the sequence as set forth in SEQ ID NO:14, a polynucleotide having at least
90% sequence identity to a polynucleotide having the sequence as set forth in SEQ ID
NO:12, or a polynucleotide complementary to a polynucleotide having at least 90%
sequence identity to a polynucleotide having the sequence as set forth in SEQ ID

NO:12.
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