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Field of the invention 5 The present invention relates to the field of
vaccination, and more specifically to vaccines against disease caused by
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invention pertains RSV virions carryinglan RSV genome in which a gene
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high degree of variation with only 53 % amino acid homology between
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group A (Mufson 1988, Cane 2&0¢ kssipgentionunisation with
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B. Antigenic differences can be found within the two groups. The G protein shows a

high degree of variation with only 53 % amino acid homology between groups A and B
and up to 20% differences in G protein sequences within group A (Mudfson 1988, Cane
25 1991).

Passive immunisation with RSV-enriched immunoglobulin (Respigam) or
synthetic humanised monoclonal antibodies against F (Palivizumab) is currently used
to treat and protect neonates of certain predispositions (e.g. premature birth) against
RSV infection (Robinson 2000, Greenough 2000). RSV pathology has two major

30 aspects: cell damage caused by the virus itself and tissne damage caused by the.

overreacting immune system. The latter is a highly complicating factor in vaccine
design.



age of two, in many cases twice. Older individuals on average are infected
every other year, depending on the setting; people in close contact with
infants and young children 5 have a 50% risk. The virus spreads by close

in droplets or through contaminated surfaces. RSV is not
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circulating in the blood, which can prevent LRT disease. URT infection can be
controlled by mucosal antibodies against F and G, but these have a limited life span,
CD8&+ T cells against as yet unidentified viral proteins are required to clear the virng
from infected tissues, but they appear to be short-lived or inefficiently recruited from
30  their reservoirs. Most likely, this is caused by RSV-expressed factors, possibly encoded
in the G gene (Srikiatkhachorn, 1997a).
An important aspect of RSV disease is immune enhancement of pathology. In

limited cases the cellular immune response can exacerbate RSV disease by the action of



showed that in these vaccination settings immune enhanced pathology
upon wt 5 infection was prevalent (Kim 1969). Factors contained in RSV
appear to be responsible for this phenomenon and were apparently
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use of plasmid-DNA vectors encod G antigens as vaccine
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artlcularly for neonates. Candidate vaccines based on vector deliver
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proteidprdiein Ekampl@97). BBG2Na induces a T helper type 2 response in neonatal mice,
and does not elicit lung immunopathology (Siegrist 1999). There is no data yet on
protection. The use of new adjuvants for a balanced humoral and cellular immune
response are currently under investigation in animal models (Plotnicky 2003).

30 The use of plasmid-DNA vectors encoding RSV-F and G antigens as vaccine
candidates has been studied in animal models. These vaccines induce protective
responses in rodents (Li 2000), but in one stedy RSV-F DNA vaccine candidate

immunised mice developed a slightly enhanced pulmonary inflammatory response



recombinant vaccinia virus expressing RSV-F and G provided protection
in mice, but lacked this effect in chimpanzees (Collins 1990). The
guestion is whether these systems are safe (notably vaccinia virus) and
feasible in the light of existing (maternal) antibodies against poxviruses in
the community and the main target group being neonates. Several
vaccine candidates are based on recombinant live RSV, generated by
reverse genetics. One line of study focuses on attenuating these viruses
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vaccine candidates that have been tested in animal models are unusable in humans.
There is thus a long felt need in the art for RSV vaccines that are both effective and

safe and it is an object of the present invention to provide for such vaccines.

Summary of the Invention

In a first aspect, there is provided a virion of a pneumovirus comprising a viral
genome that has a mutation in a gene coding for a protein that is essential for infectivity
of the pneumovirus, whereby the mutation causes a virus produced from only the viral
genome to lack infectivity, and whereby the virion comprises the protein in a form and

in an amount that is required for infectivity of the virion.



directs expression in the host cell of the protein in a form and in an
amount that is required for infectivity of the virion; and, (b) recovery of the
virions from the infected host cell culture. In a third aspect, there is
provided a composition comprising a virion as defined above, or
obtainable in a method as defined above, and a pharmaceutically
acceptable carrier. In the fourth aspect, there is provided use of a virion as
defined above for the manufacture of a medicament for the prevention or
treatment of a pneumoviral infection. -Bescription of the Invention
Definitions In this document and in its claims, the verb "to comprise" and
its conjugations is used in its ngn-limiting sense to mean that items
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2005/061698 PCT/NL2004/000911 5 of the element is present, unless

Progtiechlieasehe iy Pl Brmes A thk eI TR B e WHdP BRI OME GFifeomprises

theglemtaenisa Tdren indefineuarticlela' tordantdhusinéuatymbansitanlebsmethod

cofiPismgHIe JepT,fvirion” as used herein refers to a virus particle that
contains the hucleocapsid protein, the viral genome and the replicase
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particles or virions that are capable of entering suitable host cells and
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virion. The pneumovirus preferably is a Respiratory Syncytial Virus (RSV),
more preferably a humaierchpyineREMnldmidiman RSV may either be
a subgroup A or B 20 virus, and preferably is a clinical isolate, more
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descrined in the Examples). Therefore, any RSV strain or isolate may be
used in the context of the present invention, whereby is understood that

the invention is only exemplified by means of the particular human RSV
wgl% § 147-X, referred to as 25 RSV isolate X. Further preferred is
that vi?ru%s |sg% recent clinical isolate whereby recent is deflne%:g%é?ﬂ 000911
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corredpbmelapamdsareTaiarics Heisorae Siate rapnronbabiviiidaeng and only
sequercsiRfdBmeprotEianhpasR it i Vif ombithennyrniieanaret least one”.
identical to,(he PIQIRIN3AY %an/h%r%‘%% [0 1D AVEES E&cﬁ'&% § 9@@% ddre

viral genome comprises at least one mutation in a east one w{%gene
codifyFepepidrnianabr vaateremeapdiihe SERAGAST aprBDFn MR Y elop that
wherehyathethiniaativiiyeaiihgydspsidmas defined above. Thus, the protein
thatis essgntial T WQ 1l " fg AARR R P&TJ&#!JE%%JOQ%?QE%IQ@S %!X}Hél@f or

the pneumovirus is a proteln that is gssential for the capability o
virion BfEHOYRVEIRTS ﬁﬂtw@nmss%ﬁ%mfhﬁ%% e (i Wﬁﬁ%cavehlﬁof etitering

replicatigflysisevhadahyitherreplicatipliceyclegde svhemhacsars dillyidendo
to th?her%d&’&% n gé‘p%%slﬁlf%%l gc%ggns In preferred virions of the
inventioh the mutation causes the virion to 5 lack infectivity in vivo, i.e. in a
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current RSV 5 vaccine candidates. One purpose is vaccme safety: RSV
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This will be prevented by deletign or inactivation of the G
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is defined as being first isolated less than 10, 8, 6, 4, 3, or 2 years ago. It will be

understood that although the nucleotide sequences in the virion do not need to

correspond to those of the recent isolate, preferably, the amino acid sequences of the
proteins present in the virion of the invention are identical to the proteins as they occur
30  inarecent clinical isolate.
The viral genome comprises af least one mutation in at least one viral gene
coding for a protein that is essential for infectivity of the pneumovirus, whereby the

infectivity of the virus is as defined above. Thus, the protein that is essential for



genome that has an inactivating mutation in the gene coding for a G

attachment protein, and comprising the G attachment protein in a form

and in an amount that is required for 25 infectivity of the virion is referred
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Sne EtttibRof the virion is referred to as a "AG+HG" (pneumo)virus or virion. '
the virion that has the inactivating mutation in the gene coding for a G attachment
protein, but which is not complemented in trans with a fanctional amount of G protein
is referred to as a "AG" (pneumo)virus or virion. .
The pneumoviral virions of the imvention are thus transiently and fanctionally
30 reconstituted with an externally encoded protein that is essential for infection.
Preferably the externally encoded protein that is essential for infection is the aitachment
protein G and/or the fusion protein F, whereby the G protein is most preferred.

Preferably the externally encoded protein that is essential for infection is of the same



IS present. In particular, more than one viral protein-coding gene may
comprise 25 mutations that inactivate or alter the function of the protein in
guestion, or which cause the protein to lack from the virions as described
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the steps of: (a) "providing to a second host cell one 61 more expression
vactoraiRieEs taﬁ*éﬁ?f@%bﬁ?e%”sﬁﬁﬁ the function of the protein in question, or which cause

the protem to lack from the virions as described above. E.g. the cold-passaged or heat-
sensitive mutations as known in the art may be combined with inactivation of the
essential structural proteins as disclosed m the invention above.
Clearing of pneumovirases like RSV from the mfected host organisms requires
30  proper cellular immunity, which will not be effectively mounted without infection of
epithelial cells by the virus. However, the mutant pneumoviruses of the invention lack
genetic information for a protein that is essential for infection of host cells in vivo.

Therefore the present invention discloses methods for the production of the mutant



25 in the host cell of. (i) a viral genomic RNA that has a mutation in a gene
coding for a protein that is essential for (in vivo) infectivity of the
pneumovirus, whereby the mutation causes a virus produced from only
2\55{3 denome to lack infectivity; and, (ii) a pneumoviral polymerise
enzyme complex and optionally one or more further viral prétefSl-24¢000911
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2 m the host cell of: (i) a viral genomic RNA that has a mutation in a gene coding for a
protein that is essential for (in vivo) infectivity of the pneumovirus, whereby the
mutation causes a virus produced from only the viral genome to lack infectivity; and,
(ii) a pneumoviral polymerase enzyme complex and optionally one or more further
viral proteins; and, (b) culturing the second host cell whereby the virions are produced.

30 Inapreferred method, the virions produced by the second host cell are amplified by
one or more further cellular infection steps employing host cells which are the same or

different from the second host cell.
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protein, in the first and/or second host cells (see e.g. Sambrook and
Russell (2001) "Molecular Cloning: A Laboratory Manual (3d edition),
Cold Spring Harbor Laboratory, Cold Spring Harbor Laboratory Press,

0 For reverse genetics of RNA viruses, i.e. expression of a
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composition at least comprises the step of mixing the virions with a
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25 “viral genomic RNA, the DNA-dependent RNA polymerase, pneumoviral polymerase
enzyme complex and optional further viral proteins, as well as the essential structural
protein, in the first and/or second host cells (see e.g. Sambrook and Russell (2001)
"Molecular Cloning: A Laboratory Manual (3rd edition}, Cold Spring Harbor
Laboratory, Cold Spring Harbor Laboratory Press, New York).

30 For reverse genetics of RNA viruses, i.e. expression of a recombinant RNA virus
such as the virions of the present invention, a cDNA copy of the viral genomic RNA is
cloned into plasmids and is placed under the control of sequences that will allow

synthesis of RNA from the DNA. under certain conditions. Generally, the promoter



intended mode of administration and therapeutic application. The
pharmaceutical carrier can be any compatible, non-toxic substance
suitable to deliver the reconstituted 30 viral membranes to the patient.
Pharmaceutlcally acceptable carriers for intranasal delivery are
V%%H‘iﬁ’r?ﬁéaﬂoy water, buffered saline solutions, glycerin, poS&iveied 00911
cremophor EL, and an aqueous mixture o[&apryllc/caprlc glyceride, and
may be buffered to provide a neutral pH environment. WO 2005/061698
PCT#EQB6 49083081 bridFBNAdlirisnest dheb thinF AR Arpolbiserase) is placed
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preferably a medicament for 25v ccination against, or for prophylaxis or
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25tr aﬂléaéaaceuncaﬂy acceptable catrier. Pharmaceutically acceptable stabilising agents,

osmotic agents, buffering agents, dispersing agents, and the like may also be
mcorporated into the pharmaceutical compositions. The preferred form depends on the
intended mode of administration and therapeutic application. The pharmaceutical
carrier can be any compatible, non-toxic substance suitable to deliver the reconstituted
30 viral membranes to the patient. Pharmaceutically acceptable carriers for intranasal
delivery are exemplified by water, buffered saline solutions, glycerin, polysorhate 20,
cremophor EL, and an aqueous mixturs of caprylic/capric glyceride, and may be

buffered to provide a neutral pH environment.



administration. 30 The compositions comprising the virions of the
invention for vaccination are preferably administered intranasally to
appropriate hosts. In one embodiment, calves are to be protected from
a]-giso\({sinfieﬁgtions. In yet another embodiment, humans, of which
pretzeraf?l@ fdfants and elderly or immune compromised indiviBGERTA84/000911
protected WO 2005/061698 PCT/NL2004/01q0911 12 from h-RSV
infections. Formulations preferably comprisé formulations suitable for
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enomic sense. For pRS / -
5  vaccination against, or for prophylaxis or therapy of a pneumoviral infection. The

invention further relates to the use of the virions of the invention in the manufacture of
a medicament for vaccination against, or for prophylaxis or therapy of a pneumoviral
disease or infection. Preferably the medicament is a preparation for intranasal
administration.

30 The compositions comprising the virions of the invention for vaccination are
preferably administered intranasally to appropriate hosts. In one embodiment, calves
are to be protected from h-RSV infections. In yet another embodiment, humans, of

which preferably infants and elderly or immune compromised individuals are protected



nucleotides differing from RSV isolate X are indicated. Similar sequences
are indicated by dots (.) and gaps are indicated by (-). Gene start signals
are single underlined, gene stop signals double underlined, and the
‘%%r}i%iﬁ) fe @dlcated in the captions. Boxes WO 2005/061698

8541000911 13 outline the restriction enzyme recobhlidh?8giiy0o11
resulting from the nucleotide changes mtrdlgruced. Figure 3. Identification
of sequence markers in RSV RT-PCR amplification products, digestions
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The resulting RSV'isolate X virus was used as wor |n st and stored
at- 1§§@eﬂx} /BS &IW/SWEE for immune enhancement of b~RSV and h-RSV

20  pathology in cattle and humans respectively, is avoided.

Description of the fioures

Figure 1: Diagram of construction of pPRSVXAG, Upper line represents RSV isolate X
genomic RNA, with genes indicated. Boxes below represent RT-PCR products and
25  oligonucleotide duplexes used for construction. Numbers inside boxes indicate the
oligonucleotide numbers as listed in table I. Restriction sites introduced for cloning are
indicated. The final cloning scheme is indicated below: circles ate plasmids and the
arrows show the order of cloning, ‘
Figure 2, Alignments showing the differences between RSV isolate X and pRSVXAG
30 sequences. Sequences are shown as alignment of genomic sense. For pPRSVXAG only
nucleotides differing from RSV isolate X are indicated. Similar sequences are indicated
by dots () and gaps are indicated by (~). Gene start signals are single underlined, gene

stop signals double underlined, and the genes are indicated in the captions. Boxes



Example 2 WO 2005/061698 PCT/NL2004/000911 14 Construction of
RSV-X eDNA encoding viral genome Total RNA was obtained by
phenol-guanidine isothiocyanate extraction (Trizol, Invitrogen) of stock

' infected Vero cells. eDNA was prepared by reverse
t%rﬁeﬁﬁ\é%%%ﬁ%gssing Thermoscript (Invitrogen) reverse transcriptd<&Eeiigooo1
random 5 hexamer primers. This eDNA wasg;used as template for PCR
using High fidelity Tag polymerase (Invitrogen) using specific primers
contafHiieeBs fEtisH B AT TECayHoH SiteS T dhtreepiincdanses
listingptPdimets were designed based on the published sequences of

RSVﬁég@?.QH&%@&&%&BQ%%M&&%@@@R@@%%%%&%@%% ducts,

accession no U39662). 10 PCR products were first cloned individually in
differdreviambiisssiinte M) Xtk PSSy me recognition
sifes SirdreasiinglyectorspdMRE\aiwhst &ty bR RSu02t /R S¥4Folpidiag)

vector{Reehe) b Mu Mo REARIARRAMIG: 128100} RaMRA 844
pCAP vector, bluntly into Mlu Ni, pPCAP2 (G region) 15 RSVO16/RSVO17:

PUCH Tnid TS pAiFAicA R &P S A PEGRIR 2R N ER T 398
PUC2ZittcBained-id Afkdd, qallK1 (NS2/NS1 region) RSV022/ RSV023:
PUCZL; EGOR; MeRWEA £ 2800 MadOd K REVRAR xPUC21, Kpn UMIu

I, pU region) At least two individual clones_derived from two
i%ﬁe% £ EPRETS W R Ua{TEREL ) B ATB R ARG
differencesdisiweetmbiectiidgiones were sequenced on a third clone. If

NecesEARY 1| PRRRW SRR LRI SiaRdAr hOIREHIRE VIR Vero cells.
technigues known by the skilled persqn. Additional PCR %%%%;%sﬁ%{og\gmg

the biridiBg sTEE P A P FtPIRTEEA" 3 BRAR e PE5H

sequenieethildng BS Gembmé tethviigynine GRS nsined X yopotpizadonylation
gfsgenomic RNA, followed by 25 RT-PCR with an oligo(d)T containing
primer ALGO 18: TTAAAAGCTTTTTTTTT!"l I"TTITT FTand an NS 1
gene primer RSV 126: AATTCTGCA ATCTCTAACCAAAGGAGT.
This fragniBrt svasntfoneditmtts Plu@2ed ity Hike ksl lifknStempacbat
determingd30 Ry RAEHAPIdamplficatianf cENARBHDNIGRIARRGE be

All sequences were, assempled to yield the RSY-X consensus sequence
(oo TS A3 GOBTOR K08 B Co KT DA oot
20

Example 1
Viral isolate, virus isolation, propagation and storage

The basis for the recombinant b-RSV clone is a clinical RSV isolate, obiained

from the Leiden University Medical Centre diagnostic laboratory. This virus, named

25 98.25147-X, coded afier the patient from which it was isolated, was derived from a
diagnostic test on Hep-2 cells in the period 21-24 December 1998. It was later
determined {o be a subtype A isolate and is designated RSV isolate X, The virus was
passaged 4 times on Hep-2 cells in T75 bottles in DMEM (Gibco), 10% FCS,
pen/strep/glu and subsequently five times on Vero cells in T75 bottles on in DMEM

30 (Gibeo), 10% FCS, pen/strep/glu. The resulting RSV isolate X virus was used as
working stock and stored at —135°C in 25% or 45% sucrose.

Example 2



All sequences were confirmed by PCR cycle sequencing using the BigDye
terminator kit (Applied Biosystems) and analysed by an ABI Prism 310
genetic analyser. 5 Example 3 Construction of AG-RSV isolate X full
j‘gg% Iasml The full-length cDNA spanning the entire RSV isolate X
geno € wgég assembled by sequential ligation of PCR fragnf&i{a{Fefeoo11
1). The "trailer" end is preceded by the prﬁmoter for the bacteriophage T7
polymerase. To generate correct 3 endst écDNA 10" Ieader end is

fused to the hepatitiengetici o » AR fmitel \:

termInatmrf@efai@qum&wawa&@%%?@@m@@%%mﬁn&@ml
two ts 0 S 1g] and t
termfiﬁ‘a SR IHY e@%%ﬁ cgig]uglr%cn %ﬂfg\g) i§o° ared-%y reverse
phosptiseyigiied HWTWM ﬂagéfol&‘;@ﬂm quméﬁum t@lf@ﬂ@@l
WKL&%H@%%%@%@MM&@&%H fé&!@th AiviBaRiasRb:y Taq
pUKS3. Then th %§exA I fra ent of clo K4 cantaining N was
it e e S

co ntamegm‘eore@i@ﬁﬂp@iﬁ kbed Rpefiones @m}@@q@m destgned desed el

to th@dﬂﬁ%}{é% SHcAcdy otBVIIQGaRaRNdiXsiRE XaMayHERy RY Hpngrent
of pI 111‘) %CAP3 was | qtgzg in 20 plasmid pUKS using Xma | and a
n e

fllled AT SHETHIs yi plasmid pUK8. Subsequently, pUK 8 was
bﬂgested WAER Broghtisiveel [Bdivipnedmdty ilendy finalierenitreciorsrigniper pairs,

poIym@%aﬁe@aﬂcm&msgmﬁ&mﬁgmamﬁhg@%%m@@ Medlvdow.

vecid TR R S e e A R e

RSVGgEam)
AGCRIGTEAS: GGG dbida Mlakily tafo WCGE GIe ACHA T BEGTACCAT

AT R BTG M B 0 RS B A LB S o were
phosBRUPAARRIVRAT: THUSKIA BarcdEAR vhb mEi8a (AN S eveein the

alkalrev@msshaEse reaterar o Gar4ldnddibgigested plasmid

pAC 3 sulting plasmid is named
@gfﬁ%%%’%ﬁ%%ugﬁy%?u IU:EZ I ?rgég ent of pUK2

contam|ng“ﬂi@aﬁtW&%&@P&ﬂﬂ‘%@éﬁ%ﬁ%@mﬁg@r@&wﬁ@nﬁﬁ@wﬁéﬂﬁw@m

:;:dasrmddsaqamaﬁz,négo\igdoﬂhﬁmgm&erxeg:tmmmaewmmahe

3'-le nc R and T7 termin

e e S D DB ST 1 g mplss
to pAWYl%fH@JWW& fhepilledipersombAditenate papieiacipxenedg the
Finalbindhe Xaeof i éagraeni ofdpld K@ e ataiftinDa e ddtateM e F,

SH, 'gegtﬂglc termini were determined by poly-adenylation of genomic RNA, followed by

25  RT-PCR with an oligo(d)T containing primer ALG018:
TTAAAAGCTTTTTTITITITITTITTITIT
and an NS! gene primer RSV126:
AATTCTGCAGGCCCATCTCTAACCAAAGGAGT.
This fragment was cloned into pUC21 vsing Hind II/Pst I. The 3’-end was determined
30 by RACE (rapid amplification of cDNA ends) ligation PCR. All sequences were

assembled to yield the RSV-X consensus sequence (Seq ID No. 1).



P genes was inserted into pACYC2, yielding plasmid pACYC3, comprising
the whole RSV genome of strain X lacking the G gene. Sequence
analysis of the latter plasrnid 5 revealed a deletion in the HDVR region,

[ s repaired and the resulting plasmid is named pRSVXAG. In
YA

6°Cdnstruct pRSVXAG, construct pACYC24 was geREFATEaH/000911
which the genomic RSV isolate X insert is ieverse complemented via
inverse PCR. From the construct, antigenomic RSV RNA can be .
synthesiséH shasaEsyTera ctRErmydhy 9l fsrcecins yrsedhrBEtye
sequentRa i IBI AN BioWRealiflahd deMystte hACHLBe 6 hegenetic
5'-traiI%|I sequence. All restriction enzyme recognition sites used to

construct p’i?SVXAG are located inside the RSV intergenic regions and

do not alter coding sequences or affect transcription signals (as shown in
Rigure 2). 15 Example 4 Constructidixkafbielper plasmids Helper plasmids

expressing several RSV, EOISIPS WRIS SoNSIEuEted AR @llans:q20 Al
required genes arﬁ%‘é&'ﬁﬁ%ﬁﬁﬁéﬁﬂmﬁ%@'#VRBOZ).

Virus was st deirknathiflell o Amrepe Bergtan & 3V Akt drarromed 16 Hifeehied
Verowelgudializiibn vk diagedfroffidivess. GRS {nilpiiendiguacadiddy the
SothoeAnAIe KRN IOl Jiogen endSbiead i RINGR DN
usmgﬁ—hg?m l5|3e‘|ty Taq polymerase (Invitrogen) and a set of primers
Khecitieafist remsiisdirrddq thphepatity dofe virespeaimmn  IDAE P 4ptie vl fy 2

P CR tpratiueisofaser3 st godnilystomedeifito(preSiior plasmids

PODNAS, REDNACAL ATk RIARIENISIONEOLDE (P ERIRIOR Sllesoty

indicated In the ta ) ne sequences were confirmed by PCR cycle
sequisFERY USRIy RISy e temrrk SENITXPblieteR b B e ennsy a e
analysiil DyransAid Ry spbiadit:d entligatahmbysdonSHUEafmplieibing genes
fonstuclien of GrrAINGITI R0 SEUHIREBIeeHHne -0 oAU GI8g R P ¥abinent of

protein were ‘constructed using séveral methads; WO 2005/061698
PCTIReab A dcogenine N s PioplasnicetdR o ST ISRV A A,
RSV italate XUEs HeentGigehe réppom RRBMEAR ganwincl theliitedsakequence,
translation initiatigvcoden Pad hgen.disabled by modification using

primers RSV033 and RSV 034, were cloned into expression vector

PCDNA3 or5esiABe mﬂm‘ﬂgﬁ%‘ﬁ“ﬁg@ﬁ”ﬂﬁi RNAH 8RS BETRA P or

RSV plasmid pUKS5 using Xma { and a filled-in Hind IIT site. This yields plasmid pUKS.
Subsequently, pUK 8 was digested with BssH Il and BsiW I, ends were filled-in with
Klenow polymerase and religated. This plasmid contains the genes M2-2, M2-1, F, SH,
M and P and is named pUK9.

To synthesise a low-copy number vector for the RSV isolate X ¢cDNA, two

25  complementary oligomers, RSV011:
AGCTTGCGGCCGCGTCGACCCGGGACGCGTCGATCGGGTACCAT and
RSV012: CGATGGTACCCGATCGACGCGTCCCGGGTCGACGCGGLCGCA were
phosphorylated with T4 DNA kinase, hybridised and inserted in the alkaline
phosphatase treated and Cla I /Hind III digested plasmid pACYC184 (New England

30  Biolabs). The resulting plasmid is named pACYC184-MCS. Subsequently a Mlu I-
Knp I fragment of pUK?2 containing the T7 promoter and L gene was inserted, this
intermediate plasmid is named pACYC1. Then, the region from the N gene up to the
3’-leader sequence, including the fused HDVR and T7 terminator sequence of pUK6



5 isolate X infected Vero cells using primers as indicated in Table H. The
plasmids were introduced into Vero cells using either chemical agents
CaClz, co-precipitation, liposome-based or electroporation (Ausubel
&9&2308%\% g}ethods for isolating stable cell lines were used. In the first
method, 72 Rours after transfection, cells were split using vai{GUSL2004/000911
dilutions into fresh medium containing selelcélive medium, zeocin for 10
pcDNA3 and blasticidin for pcDNAG. Cells were fed with selective medium
every'3s4dédrdyte palilved uides Werd/ Medtfibl eSirrikicorsiiteploaned okaC2.
and l@}gg@@%@ﬁ@-@@ﬂa@gg R &iﬂﬂ@ﬁ@ﬂ@@!@ﬂ@ﬂ,sﬁps@g&i Bnd
single cells in a,96 w at tibiotic resistant co s were tested o
o P B s e S A R e
G-spBéificamattsodismiCd lophes Sefrassih G Qwmen8yshsd deeldtiermpsmid
vgerergesionaietbasmaieTaliling®H EXPERESING fepahbe SACRNEMEHIThsmid
comprirsl,errsmlc—‘i gﬂ(?%rgng using RSV-G specific antibodies 72 hours after
transfection. 1 -G éxpressing cells were seeded in a serial dilution to
obtain sin§ledditieniip soosrugdIRNaE SneretimfaMvr X TastBragmtsdirvhich
Sirkl)g l@@g&h@;@h@misvd;yﬁa& msagﬁ@eeas@e@fgimfmmkum@ege PCR. Frollln the
subsequently tested agai pression of RSY-G, r, ing.in ce

ines R S Ty A B R R G R B o

Usedrisgsaseithes Verdre s sites Wargat be b iBewibh/ drasintor are fused to the
chronrosgmalsgesitans which allow different levels of target gene

expression..,The RSV-G gene, derived from t lasmids f, hod 1
ot with 2 bR e e G T AR PTG S B bt
G trainsigtis BEVriniensoniccedons sud-dunehaties eelishsisnseiony Hieter
transtaestij@ialsignay ednserieth mMpeadh. of these cell lines using the
stem-generic method, resulting in Vero cell lines stably expressing
Ifferent levels of G protein. In method 3, Vero cells were transiently made
to express the G protein, by either transfection with the expression
plasmids containing the G gene fronEgaeibied 1, or by 30 infection with
Modified vaccinia virus Ank%&&%&@n@‘ﬁ@ﬁ&lﬁ%ﬁi% fowlpox viruses
(Spehner 1990) expressing tThe G proteln. Example © WO 2005/061698
PCTINL20EWO00oMide greressiag setroH BENarrsripphaigeonstucted as follows.
T -polimerase spiiediteitigiad Hlinent-hehacsariapiaged FYIIymErases was
gene RECR ARG 19T 3RS DERY, an RIS Togxa

containing the gene, using Prlmers ALGO022 and ALGO23 (Table |?§ I

PCR Ws#oHak5E ERmBEsHTE pRDRIRE] FeeidRushibismaarin RBECiopielding

5 plasmitiogetlaAgetbiéerd cels-heRatianshightBiddisiitu pofaatantiia 200£n)
as remwaﬂmﬁg@mmﬁw RRAVIFQgGRI M2 RS ATES (see Table

transfection ce . . .
25 ). PCR products were subsequently cloned into expression plasmids pcDNA3,

peDNASG or pCl, using restriction enzyme recognition sites as indicated in the table II
Clone sequences were confirmed by PCR cycle sequencing using the BigDye
terminator kit (Applied Biosystems) and analysed by an ABI Prism 310 genetic
analyser,
30
Example 3

Construction of G-producing Vero cell-lines
Cell lines producing RSV-G proiein were constructed using several methods:



split and grown in fresh medium containing blasticidin. Cells were fed
fresh medium every 3-4 days and split twice to obtain larger culture
volumes. 20 days after transfection, blasticidin resistant cells were

ith reporter plasmid pT7- 10 IRES2-EGFP usin
@%{ﬁa&r%%% 2000. For the construction of plasmid pT?-IRE%QT@W:@{’”H
first plasmid pT7-EGFP was constructed by inserting via HindTIIJBamHI in
plasmid p-EGFP-NI (Clonetech) a set of complementary oligomers
encoding formsot ¥ Siothates EamrdhiseRRAY d3er RSV fsolate X, or the G gene
AGCTAARSEQGAGT G B TAGRGAGAKR GEhtianchdinGaBbeen disabled by

AT G ARG BT TG CCTATAGTOAGTEGTATT) PIBSHIELAT Lo scir

IRES2-EGFP was thien constructed by cloning the T7-EGFP fragment of
plasTHEDDY. EEP G BIUSHD PHRERD RGP YR DG 8RSV
eXprgiseﬁ_aitg E(ﬁféasdlefrgo saﬁsgdibyﬁ@fs? aﬁddgrﬂwﬁﬁmmma pliemids were
obtaln HRle il 9100 8, Rihglecql aRiSR PKERNAR (Nmpitation,
polymerase were tested for stability, grown to [arger cufture volumes and
store&*%lﬁ&-aﬁﬁtﬂ@ffwﬂ?a&‘ealbﬁéaﬂ%l rEESinbirameRedsiaisalyigsisble
vims deliéfirsceits wetehe i iated dhdaME hbursddt FaSfdetaldaltsersii)

+ penigilint siieniamyaingkisming.hersasyera el and dedyatyes
thereof are 25 cultivated in M199 + 5% FCS +pen/strep/glu. Cells were
dPowm R Hight Rrsisidindermdeies irels wirmsedistessles rempdiyyeyery 34
and Hiaps 2uiiis)l cadisnare ideintficte Singlittedhoatiifiodry koA akdramkRrred in to
(MVAsd EPUIR! HARa %A R 2 SRR iSRRI 3G h AL

MOI = 3 (multiplicity of infection 3) and incubated at 32C for 60 min prior,
to tra BRSO e SR T AERTE AR B By izrurosriing
30 cgﬂ%k(ﬁ@psz:rwa@m_sﬁigmvnwﬂsiﬁgembmh Etbiariths Sqplicadny G were
rfbed'?éalts(a RHTDAN te Wi ORI AN %g%ﬂgsﬁiw_eﬂié%@é%d method

transfected with helper plasmids encoding  the N, P, L and M2.1 genes of
RSV SHBRRH PR{shitriratseds Vidimytipsrtbedintaiont Hirirgirion.
in OpBEiéit étgtaksiateniie $60 giyddhie fclow it DRG0 8ells in a 96-
PCTINLZ Q%Q%%rédmﬁgmmﬁmi@ﬁgf@ﬁ@lﬂ%%%sngr@passa ed on
PRSVXAG, 1.6 g pcDNA6-A2-N, 1.2 g pcDNA3-P, 0.4 pg pcDNAG-AZ-L, .
0.8 pd FEBRIAB AT T A¢ 4 e e s AU SRSy agi e in
Aptinveliore dipmsrimh B8%-6CS was added and the cells were incubated

at 32 C forig,faysd & lSHRIeReM SRS g-ANE 108 WXt 0\ ersaeRdvam

cells and mediym containin #;re rescued virus was, ysed to infect fresh

cultur BB T ERF ETR S AT PGSR ROVAIERE e e tterent evels of
pen/strepigienc Brhpréatiar. Blodtiivie svas depedtochfdresibstinde Sroo oltthind 1 but

high tighe, WtHSHORHS: (inroduced using primer RSV151: Table II) of the G translation

25  initiation codon surrounding sequence fo allow higher translation levels, were inseried

in each of thess cell lines using the system-generic method, resuliing in Vero cell lines
stably expressing different levels of G protein.
In method 3, Vero cells were fransiently made to express the G protein, by either
transfection with the expression plasmids containing the G gene from method 1, or by
30  infection with Modified vaccinia virus Ankara (MVA) (Suiter 1992) or fowlpox viruses
(Spehner 1990) expressing the G protein.

Example 6



Identity of AG-RSV isolate X virus was confirmed by RT-PCR on RNA
isolated from AG-RSYV isolate X infected Vero cells and digestion of the
obtained products with 10 the unique restriction enzymes whose
wgg&gbﬂgﬁ 9%ites were introdu_ced i_n_to pRSVXAG (figure 2). RSV isolate X
was used as control. For the identification of sequence mark&fdNLREgY/400911
Vero cells were infected with RSV isolate % or with AG-RSV isolate X with
an MOI=0.1. 72 bra after infection, RNA from culture supernatants was
dtastianos bassepnbepeplGmolymerpseraredueing eedidiaeind to

flank the IREHISIHENTS FIBHRISAahE ECRIEDFIRIVAGBEY{8okra7
Xvirys, After RT-PCR, the obtained products were, dj ed with:
appﬁﬁﬁ%ﬂ%@hﬁlﬁ%ﬁﬁé%ﬁ%%ﬁ%%ﬂ?ﬁ%%ﬁ%%ﬁ%’&?&%%ﬁ%?%&“é&%%%%%@
obtaiedbeRitRemyiug) b e msdipipprHBAREFok using Hind I/Xba 1, yielding
(STGEART b THGATEL fAlld woranshR&WAASing Bipofectamine 2000 as
(CAAGATAA . JTAGT e ' i =L yi o
the. DR P A Gt TPl e
for AR crepmis Siet) PRt piiRe lepigiginpfells were fod fresh medium
(GT o ST GaAGAGHIE AGE T alﬁ’tﬁﬁﬂﬁ’gdr:bﬁlmre. volumes. 20 days after
(AGTALRR -oﬁ%ﬁéﬁ%&I&&HPJL?\Q%%QQQ&Q@QM%ﬁ%o %ﬁ&(&j}ﬁlﬂg‘tﬁhe
25 expected fragments of 880 bp for RSV isolate X, and 656 and 22

f8r @E@%@G@B teadippioramingd Bidier g gstyosion of plasmid pT7-IRES2-
(CCEAGT GAXTFEATGALGAGY and:RENABY inserting via HindIl/BamH]1 in

cca srtingvis FodILUB
e RSP S Chakb’s (e AARIARIA) LB, for e
202 DA OBB B FFERones K HB AR KAS B AR T SIS RS ASgaCCT
(TCGIAG GEE TEATANGCCTOGLand RV GAETCGTATT). Plasmid pT7-

(ATCEEGANRT (A LG I&%I%W&&%}%ﬂi&%tw iﬂlg'?&%?ak MR-

the WO 20051061698 PCT/NL20041000911 20 expected fragments of
182055 YorR 8- R RiRRSZREED Tangr 8 a5 for A esmpestmgdifplite vere
Growgthiehby 3A€iSsticsoofwhGs RSt dsblatiendccdrmpased ta: IS islaingle
We_ rec&%@%ﬁgs% ¥? 'M‘F?o QE&@ '\%e‘f@{k&%t@%f gtaﬁ)ﬂi%f-rﬁmﬁx It!é) larger
Primers used for diagnostic RT-PCR on RNA from RSV infected Vero
cells B ERFEACETme RSV065 GTCCATTGTTGGATTTAATC
2Q

Example 7
Method to produce recombinani AG-RSV isolate X virus

Hep-2 cells were cultivated in DMEM + 10% FCS (foetal calf serum) -+

penicillin/ streptomycin/ glutamine, whereas Vero cells and derivatives thereof are

25 cultivated in M199 + 3% ECS + pen/strep/glu. Cells were grown overnight to 80%
confluence in 10 mm? dishes at 37°C. For Vero and Hep-2 cells, cells were infected
with modified virus Ankara-T7 (MVA-T7)(Sutter 1992, Wyatt 1995) or fowlpox~T7
virns (Britton 1996) at MOI = 3 (multiplicity of infection 3) and incubated at 32°C for
60 min prior to transfection, to allow expression of bacteriophage T7 polymerase. The

30 cells (Hep-2, Vero or Vero-T7 cells) were washed with Optimem medium (Optimem 1
with glutamax, Invitrogen) and subsequently transfected with helper plasmids encoding
the N, P, I and M2.1 genes of RSV and with plasmid pRSVXAG, using
Lipofectamine2000 (Invitrogen) in Optimem (fotal volume 500 pl). The following



RSV093 CAAGATAAGAGTGTACAATACTGTC RSV098
TGGTAGTTCTCTTCTGGCTCG RSV105 GTTGGATTGAGAGACACTT
RSV112 CCCAGTGAATTTATGATTAG RSV113
AGTATTAGGCAATGCTGC RSV114 ATCCCCAAGTCATTGTTCA
ROV AR TGGATCCATGGACACAACCCACAATGA ExdHfpRIg0se000911
Method to produce recombinant AG+G-RSY, isolate X virus AG-RSV
isolate X virus, derived from transfected Vero cells, was passaged
severglcte sfinlasbtidn wrrealdsdd 16 48 PREE AT fotageNdtridg uhits's
Ioer npborRiferank ﬁg)ﬁ&ﬂ#Ah@ymhus.wggcubﬁa@mmjnfsﬁ&itbavﬁrﬁ cell
ine producing RSY- rqtein. T.he resulting A -RQV isolate X was
g R e R b e R S
presefieeiofibried 4 A3leirfon tdeyvifehvsye themenmied et ibn mishrn b agaped
- |pfectbritytitrgs were: sie et med QMg el eellgecanekthalisiegsityero
of the AG-gengme was.d j g, RT-PCR, on viral RNA_extrac
from Ce gp?r%%%gér with %Eﬁgg%%e&%p%ﬁ%ﬂ |'r)£]§av%/%%rs%or%e %f %%%
135 Crasbot-diigesie i bisttitmims $asthod to protect in a cotton
rat animalieeas! FoUIRE R BMHisl&cian eac RSMbdtyaed roatbalRYW byslated
AG-RSY isalale, X mmuigalion YO 2005/00 698 RGINEA00UA009AA vi
21 Protection experiments were performed in Cotton rats (glgmod n
HispidhsmaBe/esdialion anaIees fiag sopranbiviup tevepoimiraduced)intn RRKAG
expe(iipasts). his/apimal e showtdaube sensitive to RSV infection and
to exhibit severe.vaccine:mediated lun th y escribed | .
rinen, 200t MR AR RN RO0) TS RESR RS Mected wia
intrafeSh isaln o B HEREY A HathaTEl s WAL A tadtdiy 8l {tection,
inflanrmatiesn infikiatssitanenar eunddienehlisibian chipl-ard-ypeqiasia
epihelium. A mor \ en | .
D B R S PRI R SEE MR DB RUSEN Bl 4
chall&Ryeispimeroxis A fisrdttRich thetlieinswacdurthBrtroH e B Oy,
perivagsidlaiaana fpesitronehisiarinfiitiatieian digvaslifie aererabsbnied
charat%%eurriggé;: for an immune-mediated pathology. These observations
were “Used as "internal” reference for all immunization and challen

oxperimon ORI AHRE S 166A BT ESHG0 AR TR Espd RSV093

piepacinta Tas@AGTGTACAATACTGTC) and digestion with Miu-I yielded the
expected fragments of 937 bp for RSV isolate X, and 459 and 478 bp for AG-RSV
isolate X _
b) PCR with primers RSV105 (GTTGGATTGAGAGACACTT) and RSV113
(AGTATTAGGCAATGCTGC) followed by digestion with Xma-I yielded the
25 expected fragments of 880 bp for RSV isolate X, and 656 and 224 bp for AG-RSV
isolate X
c) PCR with primers R§V112 (CCCAGTGAATTTATGATTAG) and RSV160
(AATTGGATCCATGGACACAACCCACAATGA) and digestion with SexA-1
yielded the expected fragments of 694 bp for RSV isolate X, and 492 and 202 bp for
30 AG-RSVisolate X
d) PCR with primers RSV098 (TGGTAGTTCTCTTCTGGCTCG) and RSV114
{ATCCCCAAGTCATTGTTCA) followed by digestion with SnaB-I yielded the



intranasally, in both nostrils. Cotton rat lungs were examined for pathology
15 lightmicroscopically and virus litres at different time points
post-challenge or post- infection/immunization were determined on Vero
cells using serial dilutions of lung homogenates with RSV specific ELISA
k4 ff)eelsdo Bso0 titres and immunostaining using RSV specieTabk2f4eqe) 1
pfu titres. After immunization twice with AG-RSV isolate X cotton rats

were fully protected against infection and pathology caused by 20 RSV
isolatéPxeipdtfrasmengs off HE¢ba fsRroniselatrctared pltimne A difor AG-RSV
sumngalkized in Table IV. Table IV: infection with: t V lung pathology day 5
lung postdinfectign A%-R S5V C d bel isplate
detectionHrfl0 -)—E\}%c %5%3&5%@8%%%;@ ﬁq%%r?séo %ree%zy%gt 133/%?5&%83%&8156
4*5 ﬁﬁﬁﬁﬂiﬂ%ﬂbﬁ?‘@ﬁﬁﬂ@ﬁé@ﬂﬁﬁ@%@ﬂ]ﬁ@%thology day 5 lung day O
and 21 42 post challenge 2x AG-RSV 5 100 RSV isolate X 5 100 no below
WO 5 698 PCT / [ tion k
100 B R MR ¥ e
volume it pef EgHAEIe which is half this volume in each nostril 3: virus
titrgs in dggs pell gram lung, detection limit is IOC CID,, 5 References
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Example 8
i0 Method to produce recombinant AG+G-RSV 1solate X virug

AG-RSV isolate X virus, derived from transfected Vero cells, was passaged
several times to obtain titres of at least 10° pfu/ml (plaque forming units per ml).
' Different moi’s of this virus were then used to infect the Vero cell line producing RSV-
G protein. The resulting AG+G-RSV isolate X was harvested from the medium and/or
15 from the cells and analysed for the presence of the G protein in the virions by
immunodetection techniques. Infectivity titres were determined on Vero or Hep-2 cells,
and the integrity of the AG-genome was determined using RT-PCR on viral RNA
extracted from cells infected with AGHG-RSV isolate X virns. Virus was stored at —
135" C in 25% or 40% sucrose.
20
Example 9
Method to protect in a cotton rat animal model against RSV infection and RSV-induced
pathology by AG-RSV isolate X immunization
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ticaaliiaa ftatatgial gactgcctia accaaagcal. 1000 fagiiaacty faliaattg, .,

tcagtatag

C atgttatttt taacaatgct acttcatcat 15060 tgtcaaacaa attttgcaat

tlaacttita e s Ay G Lt AR 151 Yoo oo sb cakitjog 12 °
taaaatitas-giggtactiatcaaattet-atitg copcaatiitittygt=16L8dtacgsaagt 1460

ttgttgtacy cafiiticg cat. 10213, 52102 e xd a4l 82 laz:DNA 12L3>

acgagaaaaa

Aqtificial <400> 2 30 aatt

aagtgfe#7>e=2

zacakatttt ttgatittayg geatgttaga

40

45

50

55

60

65

acatcataty
ctgggeattt
ttgggtgtygy
tetgotggea
tokkttteta
ttcacgtatyg
gggtggetag
atgtitggtt
atgtgeagat
cottocaaca
tottkbgoea
ttggtcatta
geatctetta
agecattoecta

taogtitgtet

bgbtecatgbgt

coagettget
gegetageac
atatttgttt
tggatgabltg
ggacattgta
ttteccatatt
ttttagattg
ggatgggtga
aggtagc?aa
ggttgttcaa
tetttteact
atgctteagt
taccatcoog
gtabtkteact

ggtcattaat

%gtacc taatac
gggttgagt

tettteatoe
tgeacttett
cactagtata
gaacatggge
ttgaacagca
tgecocabat
gctggttgtt
attggtttgt
toagsaatcot
tttttetgat
tteeoteatte
tectgatttit
agcagatgta
taatbtobea

ttetteatat

gttéicatag
atgeatgoct
aaggacacab
gagtbiatoa
ttgacattag
acceatathg
gotgtgtatg
cttkttataa
ttkttggetg
ttgttagtet
tcaagtgata
gttggattga
ctgagtoteg
tetateatit
ggtectgea
teaatcotat

gaatagctag

act cactata

tgagaé%ggl

taattbcaca
tyggcacatat
tgactcktaa
ctagttettt
taagtgabge
tggageeccte
ctatagtate
gttgoctaat
tctatbtgatyg
gatecatigtc
gagacacttc
ceatagotte
cttotottaa
togetactac
ctaatottge

aktcttette

aactgtagtt
gggtgtggtt
ggtaaatttyg
tgatggtcon
tataagtaaa
aggatcateg
gkgaagtttg
gattittitee
cggoaaatog
ttgtgtttig
actatcattc
atctgatgtg
tagtctgtea
accaaccatg
taatgtgbaa
tgttatatta

attgttatea

11580
11640
11700
11760
11820
11880
11540
12000
12080
1212¢
12150
12240
12300
12360
12420
12480

12540



<210> 3 <211> 27 <212> DNA <213> Artificial 35 <400> 3 ttaaacgcgt

catcaaacta ttaactc 27 <210> 4 <211>29 40 <212> DNA <213> Atrtificial

<400> 4 aattacgcgt taagcattag gattgagtg 29 45 <210> 5 <211> 33 <212>
NA <213> Artificial <400> 5 . 50 ttaaggatcc gcgcgctatt attgcaaaaa gcc

‘éyé’ DIV B%211> 27 <212> DNA 55 <213> Arificial <400BCE/NL2004/000911

aattgcgcgc tttttaatga ctactgg 2 <210> 7 60,<211> 38 <212> DNA <213>

Artificial <400> 7 65 ttaaggatcc gtacgttggg 5caaatgcaa acatgtcc 38

<210z, &%%Ja%%gl

34 <213> Artificia

tetttosaae ttactagagg ttttcttiga taattggget tgttecctac agtatcatet 12660

5

10

15

20

25

30

35

40

45

50

55

60

65

gtcteattta
tctatateta
gtgaatttae
toggaattoag
aaagctobac
ctgteaagte
ctttigoaye
ctaggecage
ataatgatge
gageatatto
acataatatt
catagguatt
aagattgtge
ctbeatagas
tetttaagac
ctasttiggt
catgectgta
tagattckat
caaatttcat
ctittaacatg
acatagcata
atageatgece
tatotbeotgt
gtgtateatt
tatgtctcete
tgatbgtgea
gagatcatac
gaacccatoa
agtatatbtt
caguaabgta
caagbatata

bgacaatggt

ttgggtttat
ttgagtitgac
cctttattaga
gagcaaactt
atcattatct
taatacactg
atecatataga
ageaktgect
ttttoggttg
atacaccteo
tetaactgat
cabtaaacaab
tataceaaaa
gotgtttget
attattaget
tattactaat
ttotggagee
ctcaatgtty
tteckttecea
atatcécgca
taacatacct
acatagettyg
gckoogttgg
caacttgach
ctiaatitta
tgaagttatt
ttgtatatta
tgattgataa
ttatatttay
aabtgtaygcct
aatctabgty

ctoeatgtcag

aatggttgaa
agatatgata
ttetaggaat
tbccabgatg
tttgoattaa
tagttaatca
tcttgattoo
aatactacac
ttcaatatat
acaacctgtt
ttigchkaaga
cotgeaasga
tgaactaazaa
atatocettgg
c¢tcotaatea
gecegetatac
acctctecca
atttgaattt
ttaatgtett
tetitgagta
at.taacccag
ttgabtgbgti
atagtgtatt
ttgetaagag
aattactata
attteagakt
tgggtgtgtyg
atattggeat
tgetboccae
gtettreato
ttatgatgtc

tgatcatcag

tttgatgtta
ctabtcttttt
ttggtggeta
ttttatttge
gttgatgtit
caccatttte
ttggtgtacc
tagagaagtyg
ggtagaatcc
coatttetge
coocecaceq
tocecthoaac
catctataaa
gtagtaagec
cagctgtaag
ataatattat
tttettttag
cagttgtiaa
gacgatotot
thtttatgat
tgaatttaty
tobgoacate
tgctggatga
coattbttgt
atbbtoagge
gtttgasbet
cttagtagye
agggaaagtegy
tttgbgoaat
aagttttcte
tctggttagt

tetttgtggt

tagggoettte
tettgagate
tgtitgttige
cececattttit
gatagectet
Ettgagtigt
etgtatter
aggaaaktga
tgctteteoa
ttgeacacta
taacatcact
tectactgeca
gtgaggatat
tttataacgt
agcagatcta
catecoacaa
catttbbbkty
getigetaat
tgttacatec
gtettctott
attagcatet

ataattagga

cagaagtiga

atttgcecca
tocatttgga
tgttttgaaa
ttaatgocaa
coatattttyg
agttktcattt
actatgeatt
gatgttatta

gtggtatcat

cttggtiact
tttgggtgat
atcttotoca
ttattaacte
agttcttebg
tecageatatyg
cecattaige
gtcazagata
cocaatbtbt
gcgtgtccta
tgcectgoac
cetoetggtag
ttttcazaca
tteattteat
tocactgoty
tcaggagagt
taggatttte
gttaacactt
actccatttg
cotaatotag
tetgtgatta
gtgtcaatge
tobttgttga
bcktteaten
ctatggagtyg
ttoatggatt
tgecattetaa
tghtgtatte
catagttgac
catgatttat
tagbectecaayg

tgtgbtgttgt

54t NANQ2005(061698 EC.L/NE2004/00091

12720
12780
12840
l2s00
12960
13020
13080
13140
13200
13260
13320
13380
13440
13500
13560
13se20
13680
13746
33800
13860
13820
13980
14040
14100
14169
14220
14280
14340
14400
14450
14520

14580



<400> 8 ttaacccggg gcaaataaaa catcatgg 28 5 <210> 9 <211> 46 <212>
DNA <213> Artificial <400> 9 10 aattcgtacg tattgttagt cttaatatct tagttcattg
ttatga 46 <210> 10 <211> 32 <212> DNA 15 <213> Artificial <400> 10
@%c%% atttttttta ttaactcaaa gc 32 <210> 11 20 <211> 43 <212> DNA

1 C|al <400> 11 25 ttaaaccggg taagatgaaa gatgtgg&&d/NE2004/000911
atacaaaaat ggc 43 <210> 12 <211> 38 <212> DNA <213> Atrtificial 30
<400> 12 aattggatcc accaggtctc tccttaattt faaattac 3B <210> 13 <211> 65

35 <2322 .DNA_ 213> Adificial £4002,13 AattCiRA0.9066A80AY 14640

gaggtggaga tgccatgccg acccac%cga aaaaatgcgt 60 acaac 65 40 <210>

1A

10

15

20

<P

gattaaggtc
catttagttt
agcaatgeogt
tigtgaagtt
catgecacaaa
tagttaacty
tgtoaaacas
accaaaggasg

ttacgeaaght

aatggtgtta
aaabccaaght
tttggagaat
taattecate
ggatticact
tacaatgeca
tattaatttg
atthtgcaat

taaaatttan

tkgttgtacg

grtgacat

anttcagata
ttaattbcac
atttccecata
acaatattat
cteaabittaa
ceagtatage
ctaacttitta
gtyggtactita

catbtbttbteg

tttgeotagtt
attgattcat
aattgteate
takazacctee
tattagggea
ttgtatgtat
atgttattts
tcatactcaa
toaaabtott

ocgt

gatatttatt
ataattggte
tattaggcca
attttgtaat
aatateacta
aactgoctta
taacaatget
tgagttactyg

attlbgooaoa

ataatttatg
attgttgaat
ttaggttgay
actggeattg
cttgtzataa
gccaaageab
acttcatcat
ceeateteta

tttbtibggt

14700
14760
14820
14880
14940
15000
15050
15120
15180

15213

<210> 2

<21l1l> 47

<212 Dia

«213» Artificial
<400> 2

sattggtace taatacgact

25

cactatagog acgagaasaaa aagtgte 47

30

<210> 3

<2ilis> 27

<212> DNA

<213> Arkificial
<400 3

ttaaacgcgt catcaaacta

35

ttaacte 27
210> 4

<Z21l1l> 29

212> DHA

«213> Artificial
<400> 4

aattacgegt taageattag

40

gattgagtyg 29

45 <210= 5

<211> 33

<212> DA

<213> Artificial
400> &

50  ttasggatee gegegetatt

attgeaaaaa gee 33
<210> 6

«211= 27

«212> DNA

<213> Artificial
<400> &

aattgegoge thtttazatga

55

ctactagg 2

<210> 7

<211> 38

<212> DNA

<213> Artificial
<400> 7

ttzaggatoc gtacgtigog

60

gcaaatgeaa acatgtco as

65
<210> 8§
<211> 28
<212 DNA



<212> DNA <213> Artificial 45 <400> 14 gtccgacctg ggcatccgaa
ggaggacg 28 <210> 15 <211> 26 50 <212> DNA <213> Artificial <400>
15 acgtcctcct tcggatgecc aggtcg 26 55 <210> 16 <211> 6B <212> DNA

%g&) g%rﬁt{gcsial <400> 16 60 tcgtccactc ggatggctaa gggaataacc
cCErgyagec tetaaacggg tettgagggg 60 tittitge 68 <210> 17 <FETA00¢50911

<212> DNA <213> Artificial <400> 17 ggc gcaaaa aacccctcaa gaccegtita
gaggccccaa ggggttattc ccttagccat 60 WO 2005/061698

PCT/RI 20087006911 35 ccgagtggac g 71 <210> 18 <211> 29 5 <212>
DNA w<gt8e=Artificialaaed4 0B>cdi84taactcgag ttattcatta tgaaagttg 29 10 28
<®10>,19 <211> 27 <212> DNA <213> Atrtificial

<21l> 46
<212> DNA
<213> Artificial
<400= O
10 asttegtacg tattgttagt citaatatet tagttoatty ttatga 46

«210> 10
<21i> 32
<212> DNA
15 <213> artificial
<400> 10
aattoceggg atttttttta ttaacteaaz go 32

210> 13
20 <2115 a3
<212> DNA
<213> Artificiasl
<400> 11
25 ttazacchtgg taagabtgaaa gatggoggeaa atacaazaat gge 43
<210> 12
<211l> 38
<23iZ> DNA
<213> Artificial
30 <400 22
aattggatec accagghtote tecoctkaattt taaattac ig

<210> 13
<2il> &5
35 <2t2s Dia
<213> Artificial
<490> 13 ‘
aattcttaag ggaccgegag gaggtggaga tgecatgeog acccacgega azaaatgogt &0
acaac ’ 685
40
<210> 14
<21l> 28
<212> DHA
<213% Artificial
45 <c00> 14
gtecgaccty ggeatcogaa ggaggacy 28

<21l0> 15
«21i> Z6
50  <2i2> DHA
<213s Artificial
<400> 15
acgtectect teoggatgecoe aggteg 26

55  <210> 18
<21i> 68
<212> DNA
«213> Artificial
<400> 16
60 tegbecacte ggatggotaa gggaataace cetbggggee totaaacggg tettgaggsg &0
ttttttge 68

<210> 17
<2il> 71
65  <212> DWa
<213> Artificial
<4Q00> 17
ggcogeaaaa aaccoctcaa gaccegtbba gaggecccaa ggggttatte ccotiagecat 60



<400> 19 15 aattggtacc gggacaaaat ggatccc 27 <210> 20 <211> 27

<212> DNA 20 <213> Artificial <400> 20 ttaatctaga ttgtaactat attatag 27
<210> 21 25 <211> 31 <212> DNA <213> Atrtificial <400> 21 30
aattggatcc ggggcaaata aatcatcatg g 31 <210> 22 <211> 29 <212> DNA
291%% A‘)mﬂ% al 35 <400> 22 aattggatcc ggggcaaata caagatg§EZBL2024/008911
23 <211> 31 40 <212> DNA <213> Artificial <400> 23 ttaactcgag
attaactcaa agctctacat ¢ 31 45 <210> 24 <§ 1> 31 <212> DNA <213>
Artificis>=89G>224 50 aattggatcc ggggcaaata tgtcacgaag g 31 <210>725
<211=2234 <212> DNA 55 <213> Artificial

5

10

15

20

25

30

35

40

45

50

55

60

65

<Z1l1l> 29

<212> ©INA

<213> Artificial
<400> 18

ttaactegag ttattcatta

<210> 19

<211> 27

<212> DNA

213> Artificial
<400> 19

aattggtacce gggacaaaat

<210 20

<211 27

<212> DNA

<213> Artificial
<£00> 20

ttaatctaga ttgtaactat

<210 21

«211> 31

<212> DNA

<213> Artificial
<400> 21

aattggabtcoc ggggeaaata

<210> 22

«211> 2%

<212> DNA

«213» Artificial
<400> 22

aattggatce ggggeaaata

<210> 23

<2Li> 31

<212» DWA

<213> Artificial
<400 23

tt:aactcgag attaacteaa

<Ai0> 24

<2il> 31

<213> DNA

<213»> Artificial
<40ds> 24

aattggatcc gggygceaata

<210> 25

<211> 34

<212> DHA

<213> Artificial
<d30> 25

ttaatectaga toaggtagta

<210> 26

<211l> 26

«212> DNA

<213> Arbificial
<4£00> 26

ttaatctaga agtaactact

<210 27
<21i> 44

© <212»> DNA

tgaaagttg

goatcea

attatay

aatcatcatg g

caagatgge

agctotacat @

tgteacgasg g

tcabtattitt tgge

ggegtg

23

27

27

31

29

31

31

34

28



<400> 25 ttaatctaga tcaggtagta tcattatttt tggc 34 <210> 26 60 <211> 26
<212> DNA <213> Artificial <400> 26 65 ttaatctaga agtaactact ggcgtg 26
<210> 27 <211> 44 <212> DNA WO 2005/061698 PCTINL2004/000911
‘%% 23@7&5 ég\srtificial <400> 27 aattggatcc ggggcaaata caaacatgtc
Caaaaacaag gacc 44 5<210> 28 <211> 32 <212> DNA <ZPLENAifit14p911
<400> 28 10 aattccatgg ggtccaaaac caagggécaa cg 32 <210> 29 <211>

31 <212> DNA 15 <213> Artificial <400> 29 aaaagtatac ttaatgtgat
ttgtgciEa o B 2102 30 20 <211> 44 <212> DNA <213> Artificial <400>
30 25dttigtatac dggeageiat-aateteancticacttaiaadigc 44 <210> 31 <2Lk>

25 <210= 2B

<2il> 32
<212> DHA
<213> Artificial
<400> 28
10 aattcecatgy gotccaaaac caaggaccaa og 32

<210> 29
<Z21l> 31
<212> DNA
15 <213 Artificial
<400> 29
aaaagtatac ttaatgtgat thtgtgebata g 31

<210 30
20 <211> 42
<212» DNWA
<213>» Artificial
<400> 30
25 ttttgtatac tggeagctat aatcteoaact teacttataa ttge 44
«210> 31
<211 27
<21l2> DNA
<213> Artificial
30 <400> 31
aatttctaga tttttaatga ctactgg 29

<210 32
<211 31
35 <212> oma
<213> Artificial
<£00= 32
ttaatctaga cgtiacgega acgegaaghbe o 3%

40 <210 33
<21l= 41
<213> DNA
<213» Artificial
<400> 33
45 aattaagett accatggaca cgattaacat cgctaagaac g 41



<212> DNA <213> Artificial 30 <400> 31 aatttctaga tttttaatga ctactgg 27
<210> 32 <211> 31 35 <212>DNA <213> Artificial <400> 32 ttaatgtaga
cgttacgcga acgcgaagtc ¢ 31 40 <210> 33 <211> 41 <212> DNA <213>

Wg@% <§§0> 33 45 aattaagctt accatggaca cgattaacat cgctaagaac g 41
£/581698 PCT/NL2004/000911 37 Claims 1. A viriGf BFE2004/000911

pneumovirus comprising a viral genome that has a mutation in a gene
coding for a protein that is essential for infectivity of the pneumovirus,
whereby 5 the mutation causes a viru§3##88uced from only the viral
genome to lack infectivity, and whereby the virion comprises the protein
ina ff)rm gnd Jnnariléamount that is re%uwed f%rllnﬁ%g%% the virion. 2. A

.. . 100 O NCTUIRO S GO 112 4 Vi < as 4 muiaiion i a
virion accor‘c’i?ng toc |mr?L, Wﬁerij the pneumovirus is a Respiratory 10

Syndsiialcodins i3 ammoikiarihet Eoremmgiablien ARt it of Lo merapy thusgihraeby
Pdegdondfatachnethspoiitcdliod Atyiterviateerding tol /Ry Gae6fy,
claims 1-3, whereby. the mutation.cau the virus f

tho v TR M, LA ARR L MR RE MR RNy
wherigyiehivh iRgaYE oA BrisE™eletion of the sequence coding for the
protein. 20 6. A method for producing pneumoviral virions, the virions

compyrising a viral genome that has ion.in a e.coding.for
AN e e R S e T
- Wherépyrthd Migitation causes a virus produced from

3. A virion according to claims 1 or 2, whereby the gene codes for a G attachment

protein,

15 4. A virion according to any one of claims 1-3, whereby the mutation canses the

virus produced from only the viral genome to lack the protein.

5. A virion according to claim 1, whereby the mutation comprises deletion of the
sequence coding for the protein.
20 |
6. A method for producing pneumoviral virions, the virions comprising a viral
genome that has a mutation in a gene coding for a protein that is essential for (in vivo)
infectivity of the pneumovirus, whereby the mutation causes a virus produced from
only the viral genome to lack infectivity, and whereby the virion comprises the protein
25  inaform and in an amount that is required for infectivity of the virion, the method
comprising the steps oft
(a) infecting a culture of a first host cell with a pnewmovirus comprising a viral genome
that has the mutation, whereby the host cell comprizes an expression vector which
directs expression in the host cell of the protein in 2 form and in an amount that is
30 required for infectivity of the virion; and,

{(b) recovery of the virions from the infected host cell culture.



only the viral genome to lack infectivity, and whereby the virion comprises
the protein 25 in a form and in an amount that is required for infectivity of
the virion, the method comprising the steps of: (a) infecting a culture of a
wgtzb@@@@;kwnh a pneumovirus comprising a viral genome IJB?&%%%%%MH
mutation, whereby the host cell comprises an expression vector whic

directs expression in the host cell of the proggin in a form and in an

amougt that is %o required for infectivity of the virion; and, %r.ecover O]
the vir?bnsé%rénr% %ﬁ#f)erc%g%tﬁgi&%e ‘cuttire. B IHE TRYds used et
PCT/Mezoburpolofint bestrel (Hatsolt Biedoreitbetodhahronvhethy thes of
pneurgg\itsisdhgtisauseshichisiest sheoeulbre-giadissthastceliouitug, is

produce% }}hxe mg&@%gg@pgﬁgg the steps of: (a) providing to a second

host cell _oﬁe?sos% more expression vectors which direct expression in the
hdst cell Bf YA &raTe BhBhia R A THERieRd T eRtisininTor garrictnibizids
for a proteiphatis (esaesiakieadin v tafesibvibiOhihecpPBIRRYIIS causes
whereby tQﬁ mytation.caul virus produced fram anly the viral

genome jfo aclg{%gc_%ﬁ?yﬁi %%ﬁ%ﬁfﬁg%%ﬁ%%%@%%rgg%%‘ﬁ yme complex
and optidHAIRP e BB RERTE PUaHAF froteirtsindinationr iy ona purete theher
second hast peltsiacsed)y the virions are produced 8. A method according
tepclajy Zavhichfurther ¢ isesiamplifying the virions produced by the
secon@hgst ce#téy Sfjneglo;?1 %gg%e furt%%@c%{ﬁg%‘ro mfecton lslgg(gs employing
host cells which are the same or different from the second host cell. 15 9.

A method Acseddit getodiaims labh 8, whichaiteecsikptaanampieRiNAsvirions
transcpibed froma, viral RNA.cQ ' der the control of.a .
bacte%?ophgge EgtNA- denpendentﬁ é&%%%ér%@réﬁ%%r@% elrna%:a‘%ﬁtg gby

the hGEHRLNIE MEwdborhith 4h thegprssdifsatdromihersenpadipst cell
é@fpression in the host cell of the bacteriophage DNA- 20 dependent RNA

polymgerasg. di i 1% Q(Velrre the . .
bactﬁoph%wﬁ%ﬁggé%%%ggg%g I:\\g#\%JAg ggg(lzéér}lh%]?as% IS tﬁ%@%Rg\rj@BG

polynfEi&aPsETR yvirRl NG Sebiiy teisrye Aebrrimbactedephage DNA-
whereloyetidenpRaUnoijratre hiaesas endrdymetycbetle sl pstind viRs.
the LR NotRis: 4 RicA dRaRad ASearding d 2.4y R38:01 ’q‘é@ée@ag( B DNA-

whereby one or more further viral proteins Is a pneumoviral matri

item BFRFSHIGRAA BYERSHET) the M2-1 protein. 30

10. A method according to claim 9 whereby the bacteriophage DNA-dependent RNA
polymerase is the T7, T3 or SP6 polymerase.

25 11. A method according to any one of claims 7-10, whereby the pneumoviral

polymerase enzyme complex at least includes the L, P, N proteins.

12. A method according to any one of claims 7-11, whereby one or more further viral
proteins is a pneumoviral matrix membrane protein, preferably the M2-1 protein.

30
13, A'method according to any one of claims 6-12, whereby the pnenmovirus isa

Respiratory Syncytial Virus.



13. A method according to any one of claims 6-12, whereby the

pneumovirus is a Respiratory Syncytial Virus. WO 2005/061698

PCT/NL2004/000911 39 14. A method according to any one of claims

6-13, whereby the gene coding for the protein that is essential for
WiséRM8 €% gene coding for a G attachment protein. 15. A B6HAScHitigpros1

comprising a virion as defined in any one of c¢laims 1-5, or 5 obtainable in

a method as defined in any one of claims 6-314, and a pharmaceutically

accepthble‘casiimd ag o bf avinentddiefifeldivbmytonke ek utaindsg Hr the

for thermanwackeesafial medisamentiopdhe Riyenionoliiaatmeplefia
pneumoviral infection. 10 17. A use according to claim 16, the -

medicament is a preparation for intranasal administration.
15. A composition comprising a virion as defined in any one of claims 1-5, or

5  obtainable in 2 method as defined in any one of claims 6-14, and a pharmaceutically

accepiable camier.

16. Use of a virion as defined in any one of claims 1-5 for the manufacture of a
medicament for the prevention or treatment of a pneumoviral infection.

10
17. A use according t6 claim 16, the medicament is a preparation for intranasal
adroinistration.



