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Viruses from both subgroups have a worldwide distribution and may oceur during a

single season. Infection may occur in presence of pre-existing immunity and the

20  antigenic variation is not strictly required to allow re-infection. See for example
Sullender, W.M., Respiratory Syncytial Virus Genetic and Antigenic Diversily.
Clinical Microbiology Reviews, 2000. 13(1): p. 1-15; Collins, P.L., McIntosh, K. and
Chanock, R.M., Respiratory syncytial virus. Fields virology, ed. B.N. Knipe, Howley,
P.M. 1996, Philadelphia: ippencott-raven. 1313-1351; Johnson, P.R., et al., The G

25  glycoprotein of human respiratory syncytial viruses of subgroups A and B: extensive
sequence div_ergence between anitgenically related proteins. Proc Natl Acad Sci U S A,
1987. 84(16): p. 5625-9; Collins, P.L., The molecular Biclogy of Human Respiratory
Syneytial Virus (RSV) of the Genus Pneumovirus, in The Paramyxoviruses, D.W.
Kingsbury, Editor. 1991, Plenum Press: New York. p. 103-153.

30 Another classical Pneumovirus is the pneumonia virus of mice (PVM), in
general only found with laboratory mice. However, a proportion of the illnesses

observed among mammals can still not be attributed to known pathogens.
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20  comparison with isolates, viral proteins, or nucleic acids identified herein by sequence
or deposit. If is generally known that virus species, especially RNA virus species,
often constitute a quasi species wherein a cluster of said viruses displays
heterogeneity among its members. Thus it is expected that each isolate may have a
somewhat different percentage relationship with one of the various isolates as

25  provided herein.

When one wishes to compare with the deposited virus I-2614, the invention
provides an isolated essentially mammalian negative-sense single stranded RNA
virus (MPV) belonging to the sub-family Pneumovirinae of the family
Paramyxoviridae and identifiable as phylogenetically corresponding to the genus

30 Metapneumovirus by determining an amino acid sequence of said virus and
determining that said amino acid sequence has a percentage amino acid homology to
a virus isolate deposited as I-2614 with CNCM, Paris which is essentially higher than
the percentages provided herein for the L protein, the M protein, the N protein, the P

protein, or the F protein, in comparison with APV-C or, likewise, an isolated
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Wth the provision of e 1 nvention provi | ostic neans and
when other 1solates are selected in the determination of the percentage of homology.

With the provision of this MPV, the invention provides diagnostic means and

20  methods and therapeutic means and methods to be employed in the diagnosis and/or
treatment of disease, in particular of respiratory disease, in particular of mammals,
more in particular in humans. However, due to the , albeit distant, genetic
relationship of the essentially mammalian MPV with the essentially avian APV, in
particular with APV-C, the invention also provides means and methods to be

25  employed in the diagnosis and treatment of avian disease. In virology, it is most
advisory that diagnosis and/or treatment of a specific viral infection is performed
with reagents that are most specific for said specific virus causing said infection. In
this case this means that it is preferred that said diagnosis and/or treatment of an
MPYV infection is performed with reagents that are most specific for MPV. This by no

30  means however excludes the possibility that less specific, but sufficiently cross-

' reactive reagents are used instead, for example because they are more easily
available and sufficiently address the task at hand. Herein it is for example provided
to perform virological and/or serological diagnosis of MPV infections in mammals

with reagents derived from APV, in particular with reagents derived from APV-C, in
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20 For nucleic aciddetection, it is even more straightforward, instead of designing
primers or probes based on heterclogous nucleic acid sequences of the various viruses
and thus that detect differences between the essentially mammalian or avian
Metapneumouviruses, it suffices to design or select primers or probes based on those
stretches of virus-specific nucleic acid sequences that show high homology. In
25  general, for nucleic acid sequences, homology percentages of 90% or higher guarantee
| sufficient cross-reactivity to be relied upon in diagnostic tests utilizing stingent
- conditions of hybridisation.
The invention for example provides a method for virologically diagnosing a
MPYV infection of an animal, in particular of a mammal, more in particular of a
30  human being, comprising determining in a sample of said animal the presence of a
viral isolate or component thereof by reacting said sample with a MPV specific
nucleic acid a or antibody according to the invention, and a method for serologically
“diagnosing an MPV infection of a mammal comprising determining in a sample of

said mammal the presence of an antibody specifically directed against an MPV or
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provided herein. Depending on the degree of relationship with said MPV or non-MPV
sequences, the component or synthetic analogue can be identified.

20 The invention also provides method for virologically diagnosing an MPV
infection of a mammal comprisiﬁg determining in a sample of said mammal the
presence of a viral isolate or component thereof by reacting said sample with a cross-
reactive nucleic acid derived from APV (preferably serotype C) or a cross-reactive
antibody reactive with said APV, and a method for serologically diagnosing an MPV

25 infection of a mammal comprising determining in a sample of said mammal the
presence of a cross-reactive antibody that is also directed against an APV or
component thereof by reacting said sample with a proteinaceous molecule or
fragment thereof or an antigen derived from APV. Furthermore, the invention

_ provides the use of a diagnostic kit initially designed for AVP or AVP-antibody

30  detection for diagnosing an MPV infection, in particular for detecting said MPV
infection in humans.

The invention also provides method for virologically diagnosing an APV
infection in a bird comprising determining in a sample of said bird the presence of a

viral isolate or component thereof by reacting said sample with a cross-reactive
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wth a the respective strains to be attenuated to a desirable level. Similar reverse genetic

technigues will make it also possible to generate chimeric paramyxovirus-

20 metapneumovirus constructs, such as RSV-MPV or PI3-MPV constructs for usin a
vaccine preparation. Such constructs are particularly useful as a combination vacecine
to combat respiratory tract illnesses.

The invention thus provides a novel etiological agent, an isolated essentially
mammalian negative-sense gingle stranded RNA virus (herein also called MPV)

25  Dbelonging to the subfamily Prneumovirinage of the family Paramyxoviridae but not
identifiable as a classical pneumovirus, and belonging to the genus Metapneumouvirus,
and MPV-specific components or synthetic analogues thereof. Mammalian viruses
resembling metapneumoviruses, i.e. metapneumoviruses isolatable from mammals
that essentially function as natural host for said virus or cause disease in said

30 mammals, have until now not been found. Metapneumoviruses, in general thought to
be essentially restricted to poultry as natural host or aetiological agent of disease, are
also known as avian pneumoviruses. Recently, an APV isolate of duck was described
(FR 2 801 607), further demonstrating that APV infections are essentially restricted

to birds as natural hosts.
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MPV. Furthernore, the invention provides the use of a diagnostic kit
initiallypipeigped for MV or MPV-antibody detection for Mrw,%i,d}g an APV
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genetic technjiques nmake it possible to_generate chineric APV-MPV virus
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such as RSV- MPV or, Pl 3- MRV strycts for i n ci ne,.preparati on.
Such const rif¢pdeRyEs ?)’%{?tfsifﬁxlfgg 1@“&@%1’[15?”961 T Pmﬁ%eeiﬁ% ﬁ%es 4% %8 ombat
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etiological agent, an isolated essentially _mammal | an negative-sense single
stranded RNR2$AGS Naoeqperis have beemnfoupd agpeplicationafdHoY aymegmals: Bupf ami |y

Pneunovi ri r!iﬁiﬁim,f‘vﬂfer&?sr@# &g@%ﬁ%ﬁﬁ@é@ﬁ@sﬂwmnedt&aﬂ;%imv,bmi@éfaa
cl assi cal pneunobvirus, a 3 elonging to t genus Met apneunovirus, and
MPV- speci f irgisedmgeineh A Voh, B pnChilet ot neniladige &8PV bethecfame\entent, and thislades

resenbl i ng tapneunoviruses, ...e. t apne | es isalatable from

manmal s thog?ulggﬁogﬁf?%ﬂ pa?.igg?soqpoggernlgqoaf%? %@?’q‘ngra eﬂangi rus or cause
di seas@5in rﬁ@ﬂa@n@ﬁhlﬁﬁﬂﬁmﬂﬁutﬂbmﬁﬁrd;l lﬂiﬁidre APV mmﬁhirlé:irbﬁ!mﬂar gene order,

Met apneunovj ruses, .i.n general_ thought to _be essentially restrict fo
poultry as thﬁ?fj?’écis pteips %QYIP ¥ laugely: : ﬁ!fenéiwala thotes kpogn Cgl@gf’éhovm
as avian pREHEEHLy he§Sho RBGER e q@ehB Y cIRidd 6 BEthAHE KBS ada%enuRE  (FR
2 801 607), further denonstrating that APV infections are essentially

restrict ed acidleppl diiagmostigagsas thdécriminateshetye@oo8V ang MEMBIBHE or -
PCT/ NLO2/ Oggéﬁodies directed against these different viruses can advantageously be developed
20  based on one or hoth of these proteins (examples are IF, ELISA, neutralization assay,
RT-PCR assay). However, also sequence and/or antigenic information obtained from
the more related N, P, M, F and L proteins of MPV and analyses of sequence
homologies with the respective proteins of APV, can also be used to discriminate
between APV and MPV. For example, phylogenetic analyses of sequence information
25  obtained from MPV revealed that MPV and APV are two different viruses. In
particular, the phylogenetic trees show that APV and MPV are two different lineages
of virus. We have also shown that MPV is circulating in the human population for at
least 50 years, therefore interspecies transmission has probably taken place at least
50 years ago and is not an everyday event.Since MPV CPE was virtually
30  indistinguishable from that caused by hRSV or hPIV-1 in tMK or other cell cultures,
‘the MPV may have well gone unnoticed until now. tMK (tertiary monkey kidney
cells, i.e. MK cells in a third passage in cell culture) are preferably used due to their
lower costs in comparison to primary or secondary culltures, The CPE is, as well as

with some of the classical Paramyxoviridae, characterized by syncytium formation
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20 nucleotide or amino acid sequences of the G glycoprotein and neutralization tests

using monoclonal antibodies that also recognize the G glycoprotein, Within subgroups
4, B and D the G protein shows 98.5 to 99.7% aa sequence identity within subgroups
while between the subgroups only 81.2- 38% aa identity is observed. See for example
Collins, M.S., Gough, R.E. and Alexander, D.J., Antigenic differentiation of avian

25  pneumouirus isolates using polyclonal antisera and mouse monoclonal antibodies.
Avian Pathology, 1993. 22: p. 469-479.; Cook, J.K.A., Jones, B.V., Ellis, M.M.,
Antigenic differentiation of strains of turkey rhinotracheitis virus using monoclonal
antibodies. Avian Pathology, 1993. 22: p. 257-273; Bayon-Auboyer, M.H., et al.,
Nucleotide seéuences of the F, L and G protein genes of two non-A/non-B avian

30 pneumoviruses (APV) reveal a novel APV subgroup. J Gen Virol, 2000. 81(Pt 11): p.

12723-38; Seal, B.S., Mairix protein gene nucleotide and predicted amino acid

sequence demonsirate that the first US avian pneumovirus isolate is distinct from
European strains. Virus Res, 1998. 58(1-2): p. 45-52; Bayon-Auboyer, M.H., et al.,
Comparison of F-, G- and N-based RT-PCR protocols with conventional virological



cells, i.e. MKcells in a third passage in cell culture) B auyyetesably
used due to their |ower costs in conparison to primary or secondary
cullturesyy soRE is, as well as wth some of the classigal

Par amyxoui r(?_!c;iigoe, characterized by syngytiumformation 13 f&ﬁ(}“‘%{%"wm
02/ 057302 PCT/ NLO2/ 00040 8 after which the cells showed rapid internal
di srupt i onpréwicesder thy débraohardtymhs tfitarkaehimifadbmiishéruroAedhayies], The

cel | s usualylg¥a( not S | splaye after, three passages of virus
T om o or g tlleNg! 1 RS hufe PR A L Ralond Trter ik Se e e o e

t han CPE caheetiadhyndal (16) pMitéin $ese SURNaRBndimtdoiAls: Bilidhck fobrbd #ssagal 1y, as
devastatin g%nts o(té%lg&,se se, paranyxoviruses account for rmany animal and
hunan deat %g’ FPg L EHO Wgé-r'}ff’(]ﬁﬁ DparZfp&iridae forma fanily within
the order of NORORSARYISEANRS {NASAII BvABASE WORGIREAS WRER dolthies g USES)

consi sting of the sub-famlys ParanmyXovirina Pneunovi ri nae.
| att er sub-Godgraflyisplatepf AP¥smdtcomparerbitite khown BN deBRT stidies withén aitro

TR T hEeRl od QuMREARRCUIRY HEAE e cBRIRD LSRR AR PERIBRE T, et T
i nport ant - aanmepeifid milpdlonAspiisetathteddzaized TRT 2616 The Woldads RERBSWasNd

early chil dhpod Il gv%dez. O her nenbers of the Pneunopvirus genus include
the bovine™ Be‘b@g'%?@ rESPPRPETic aptearaite pay p theeERE sirains, Hwenihawevetus of

mce (PYM nedbraldddby R RGHEDMI IR e(u%@;@uﬁkéige&agﬂas@ésﬁﬁg&ﬁgq;xfﬂa@&tfmg hei tis

virus (TRTV), the aetiological agent of avian rhinotrac ti's, an upper
respi r at or pnfiperaym netselizedithe homolnekey sidus fosa tibke ofd:400mnbie Gflorabde

recently assi ) enus, - wWhi gh sai d s unti| now not

nesoci al cd uRR S atRLE R LU SR P ot e O3pERadee B WHhthem <.

Ser ol ogi calteserbggaingsTRT nARdcloasl dgilddict Sinestich ahes) the rddigrobasicat@liza8on

nucl eotide,gor amn I d sequences of the G glycoprotein and neutralization

tests usi ﬁ’ge%%‘éﬁbM‘PH%H?‘FE%@%%“FWS&@B%%QB Kroeisplae wag plse tasted ei n,
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identity w thin subgroups  while between the subgroups on 31.2- 38% as
identity | $evBabireddy theamtiseruraathy €oloadblisgdate. M S., CGough, R E. and

Al exander, D.J. ppARt ' I des P atd f ' neunoyi Lus isqlates
using pol ycl onal ant }(gggggtggi Jnnusew?f%ndoog I[B(%ér)fgfta%iﬁ??%%ug? gga}mStAf’&agﬁnge W&k
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the Colorado isolate may be the first example of a further serotype of avian

20 pneumovirus, as also suggested by Bayon-Auboyer et al (J. Gen. Vir. 81:2723-2738
(2000).

In a preferred embodiment, the invention provides an isolated MPV
taxonomically corresponding to a (hereto unknown mammalian) metapneumovirus
comprising a gene order distinct from that of the pneumoviruses within the sub-

25  family Pneumovirinae of the family Paramyxoviridae. The classification of the two
genera is based primarily on their gene constellation; metapneumoviruses generally
lack non-structural proteins such NS1 or NS2 ( see also Randhawa et al., J. Vir.
71:9849-9854 (1997) and the gene order is different from that of pneumoviruses (RSV:
'3-NS1-NS2-N-P-M-SH-G-F-M2-1L-5', APV: '3-N-P-M-F-M2-SH-G-1-5) 456, MPV as

30 provided by the invention or a virus isclate taxonomically corresponding therewith is
upen EM analysis revealed by paramyxovirus-like particles. Cons{stent with the
classification, MPV or virus isolates phylogenetically corresponding or taxonomically
corresponding therewith are sensitive to treatment with chioroform; are cultured

optimally on tMK cells or cells functionally equivalent thereto and are essentially
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81: 2723- 27331d/qr200Bens and/or immunogens specifically derived from an MPV isolate.
Newly isolated viruses are phylogenetically corresponding to and thus
20  taxonomically corresponding to MPV when comprising a gene order and/or amino acid
sequence sufficiently similar to our prototypic MPV isolate(s), or are structurally
corresponding therewith, and show close relatedness to the genus Metapneumovirus
within the subfamily Pneumovirinae. The highest amino sequence homology, and
defining the structural correspondence on the individual protein level, between MPV
.25 and any of the known other viruses of the same family to date (APV subtype C) is for
matrix 87%, for nucleoprotein 88%, for phosphoprotein 68%, for fusionprotein 81%
and for parts of the polymerase protein 56-64%, as can be deduced when comparing
the sequences given in figure 6 with sequences of other viruses, in particular of AVP-
C. Individual proteins or whole virus isolates with, respectively, higher homology to
30  these mentioned maximum values are considered phylogenetically corresponding and
thus taxonomically corresponding to MPV, and comprise a nucleic acid sequence
structurally corresponding with a sequence as shown in figure 6. Herewith the

invention provides a virus phylogenetically corresponding to the deposited virus.
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bt a1 nod {1 ARG SERead s P ol SRR eF e B ooy B RS To Rt M O ooy
t he suhbsf ardrd/8Pre Fakithé Aatno a0d 16vRS this Jeébht AR PANSOLOYIT! 38 NOD4 ¥d2eM,

presence of gene coding_ (functiopal) NS1 or 2 or essenti al | y
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froma her %eaﬁgﬁléeq)?gnlﬂwcs t%lsi%% génei 4 f%i‘ ggasnilﬁ:l%lprovided by Seal et al., Vir. Res.
20 66:139147 (2000).
Also, the viral sequence of a MPV isolate or an an isolated MPV L gene as provided
herein for example shows less than 61% nucleotide sequence identity or less than
63% amino acid sequence identity with the respective nucleotide or amino acid
sequence of an APV-A polymerase gene as for example provided by Randhawa et al.,,
25  J. Gen. Vir. 77:3047-3051 (1996).

Sequence divergence of MPV strains around the world may be somewhat
higher, in analogy with other viruses. Consequently, two potential genetic clusters
are identified by analyses of partial nucleotide sequences in the N, M, F and L, ORFs
of 9 virus isolates. 90-100% nucleotide identity was observed within a cluster, and 81-

30  88% identity was observed between the clusters. Sequence information obtained on
more virus isolates confirmed the existence of two genotypes. Virus isolate ned/00/01
as prototype of cluster A, and virus isolate ned/99/01 as prototype of cluster B have
been used in cross neutralization assays to test whether the genotypes are related to

different serotypes or subgroups. From these data we conclude that essentially
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20  genus Metapneumovirus by determining a nucleic acid sequence of a suitable
fragment of the genome of said virus and testing it in phylogenetic tree analyses
wherein maximum likelihood trees are generated using 100 bootstraps and 8 jumbles
and finding it to be more closely phylogenetically corresponding to a virus isolate
deposited as I-2614 with CNCM, Paris than it is corresponding to a virus isolate of

25  avian pneumovirus (APV) also known as turkey rhinotracheitis virus (TRTV), the
aetiological agent of avian rhinotracheitis.

Suitable nucleic acid genome fragments each useful for such phylogenetic tree
analyses are for example any of the RAP-PCR fragments 1 to 10 as disclosed herein
in the detailed description, leading to the various phylogenetic tree analyses as

30  disclosed herein in figures 4 or 5. Phylogenetic tree analyses of the nucleoprotein (N),
phosphoprotein (P), matrixprotein (M) and fusion protein (F) genes: of MPV revealed
the highest degree of sequence homology with APV serotype C, the avian

preumovirus found primarily in birds in the United States
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t he am no agobtkin and shows extensive homology with the N protein of other pneumoviruses.
The length of the N ORF is identical to the length of the N ORF of APV-C (Table 5)
20 and is smaller than those of other paramyxoviruses (Barr ef al., 1991). Analysis of the
amino acid sequence revealed the highest homology with APV-C (88%), and only 7-
11% with other paramyxoviruses (Table 6).
Barr et al (1991) identified 3 regions of similarity between viruses belonging to the
order Mononegavirales: A, B and C (Figure 8). Although similarities are highest
25  within a virus family, these regions are highly conserved between virus familys. In all
three regions MPV revealed 97% aa sequence identity with APV-C, 89% with APV-B,
92 with APV-A, and 66-73% with RSV and PVM. The region between aa residues 160
and 340 appears to be highly conserved among metapneumoviruses and to a
somewhat lesser extent the Preumoviringe (Miyahara et al., 1992; Li et al., 1996;
30  Barret al., 1991). This is in agreement with MPV being a metapneumovirus, this
particular region showing 99% similarity with APV C. '
Another suitable open reading frame (ORF) useful in phylogenetic analyses
comprises the ORF encoding the P protein. When an overall amino acid identity of at
least 70%, preferably of at least 85% of the analysed P-protein with the P-protein of
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w th ARY serggtype C, the avian pneunovirus found primarily in birds in the
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least 94%, preferably of at least 97% of the analysed M-protein with the M-protein of

isolate I-2614 is found, the analysed virus isolate comprises a preferred MPV isolate

20  according to the invention. The third ORF of the MPV genome encodes a 254 aa
protein, which resembles the M ORF's of other pneumoviruses. The M ORF of MPV
has exactly the same size as the M ORFs of other metapneumoviruses (Table 5) and
shows high aa sequence homology with the matrix proteins of APV (76-87%) lower
homology with those of RSV and PVM (37-38%) and 10% or less homology with those

25  of other paramyxoviruses (Table 6). Easton (1997) compared the sequences of matrix
proteins of all pneumoviruses and found a conservedhexapeptide at residue 14 to 19
that is also conserved in MPV (Figure 10). For RSV, PVM and APV small secondary
ORF's within or overlapping with the major ORF of M have been identified (52 aa and
51 aa in bRSV, 75 aa in RSV, 46 aa in PVM and 51 aa in APV) (Yu et al., 1992;

30 Eastonet ol., 1997; Samal et al., 1991; Satake et al., 1984). We noticed two small
ORFs in the M ORF of MPV. One small ORF of 54 aa residues was found within the
major M ORF , starting at nuclectide 2281 and one small ORF of 33 aa residues was
found overlapping with the major ORF of M starting at nucleotide 2893 (data not
shown). Similar to the secondary ORFs of RSV and APV there is no significant
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20 shared with APV. The third, unique, potential N-linked glycosylation site for MPV is
located at position 206 (Figure 11). Despite the low sequence homology with other
paramyxoviruses, the F protein of MPV revealed typical fusion protein characteristics
consistent with those described for the F proteins of other Paramyxoviridae family
members (Morrison, 1988). F proteins of Paramyxoviridae members are synthesized

25  asinactive precursors (FO) that are cleaved by host cell proteases which generate
amino terminal F2 subunits and large carboxy terminal F1 subunits. The proposed
cleavage site (Collins et al., 1996) is coﬁserved among all members of the
Paramyxoviridae family. The cleavage site of MPV contains the residues RQSR. Both
arginine (R) residues are shared with APV and RSV, but the glutamine Q) and

30  serine (S) residues are shared with other paramyxoviruses such as human
parainfluenza virus type 1, Sendai virus and morbilliviruses (data not shown). The
hydrophobic region at the amino terminus of F1 is thought to function as the
membrane fusion domain and shows high sequence similarity among

-paramyxoviruses and morbilliviruses and to a lesser extent the pneumoviruses



WO 02/ 057302 PCT/ NLO2/ 00040 14 isolate 1-2614 is found, iherdwak&®d virus
I sol ate conprises a preferred MPV isolate according to the invention. The

second ORRyh Grdfs,0enome map codes for a 294 as protein s 68%
as sequence horm%ogy with the P proteijp of -PV-C, and On}f@‘ré@og@ f‘smth t he

P protein of RSV (Table 6 The P_gene of MPV_contains one 5 substanti al
ORF and in {(Marrisoas FRS). T %l%rpﬁﬁuffza{pwﬁ%%ﬁ’h&ﬁ§ Bienes 11 ara aynesieduses

(Revi ened i Bqiwaih napd KQ! o

Cont 1 ast t o DRSRR NEEY o5 Aplep Sbich 290 neOBiefP ity Bhe Rlpiop AP hignlsT P ORF
| acks cyst ecmervedamtuas&ehnetgpz@ékﬁﬂﬁr)rwe@@égﬂmttdmw% ;15egl a:tmiloﬁ(){)ﬁ)gh ]
simlarity betweegn.all n uses ays a. role ei t her
the RNA synt hesi %ec?@sfg ﬁfe?%s‘%ﬁmﬁﬁl @Vﬂﬁnﬁgo%#ﬁ%pgﬁar%@‘f)wgf Mgrl ty of
t he nUC|!§EOCQ@&hIidGaQIH!éM1 of Y £a ¥eSHiven cathpdied itls REV (Bbditiyn 197-ab8Fig@wnd i n

MPV (Fi gure ecifical I when conservative substitutions are taken in
account a# h’g S Y epd PV thejgeal neptide gnd pnchendomaipgere  and

approxi mat ek&huﬁ%«f%@"a&ﬁke@@\é withfh SartfledlRH S Pa /&Ie'a% VaRablitPhSiwiehS i ch in

gl utamat e resi dues as has been descri bed for Ling et at., 15 1995).
| k Anot her subtw&ﬂ @lopeet crleéa%@%fyﬂta’méa( G&%B)dﬁa‘ﬂgnﬂmephﬁeogw (ae 10-

anal yses |ses h encodi n Xols ei n. \Wen an.owver.al l. am no
acid identi | ilt) |a§g§RF’§w, teﬁ gﬁ?f x.ﬁ.;r 1tgts’oi':'ﬂe I e P If’ﬁ?ﬂg’ %I ysed
M pr ot ei( V\AIPW C Iom St @6eianresidues ml sifmtiad)-a2d1dsd @nkenvation Whith athat XBVE
virus isol at eggg,%ﬁes a&gnla rred eg/g\h/%h%ollga 20 acglg;lgé@glﬁtﬁlge i oh
i nvention. it \p in, ic
resenbl es t pghbhyIEifs &tmema&%u@ot erwy@%ﬁaogﬁﬁ%ﬁd@ﬁﬁhkﬁ .chas exact |y

t he sane size as the M ORFs of met apneunovi ruses (Table 5) and shows
hi gh as sequence honol ogy with the matrix proteins of APV (76-87% | ower

honol ogy with th ago]] wth
t hose 25 of ot hegﬁ%gggrsrﬁ?;@?rg seswfi%ot?rgmg()ﬁgg %&ﬁ %}g@?g‘scoﬁ%g?%ggets
sequencies otommfigels the OIRR eddodingfthalM2 prosdnoWihen &astafnjl fnainychoid 1dent1ty of
conser vedhex t |dye 14 t /1 t hat ﬂl SO onserv in MPV
(Figure 10)2 aﬁﬁ& %&pr@mﬁﬁﬂ apeastiN Oféé“éaﬁﬁlé(rsstd t"ﬁF}h MZ‘

over | appi NgpMtdifl of B4R D61 PR ToRhd NhB AKSIyBEERri s gttt lc@rﬂ £i9e% @?re?é}%d 51 as
i n bRSV, 75a3|nRSV 46 as in PVM and 1 as in APV) uet a 1992; 30

Easton et aMPV isolate acarding tl@tmvernt@gth@maR%uaq@tto he Heaymonisnaoand ed

two small 4, overlapping ORF's have been observed in all pneumoviruses. The first major ORF

20  represents the M2-1 protein which enhances the processivity of the viral polymerase
(Collins et al., 1995; Collins, 1996) and its readthrough of intergenic regions (Hardy et
al., 1998; Fearns et al., 1999). The M2-1 gene for MPV, located adjacent fo the F gene,
encodes a 187 aa protein (Table 5), and reveals the highest (84%) homology with M2-1
of APV-C (T'able 6). Comparison of all pneumovirus M2-1 proteins revealed the

25  highest conservation in the amino-terminal half of the protein (Collins et al., 1990;
Zamora ef al., 1992; Ahmadian et al., 1999), which is in agreement with the
6bservation that MPV displays 100% similarity with APV-C in the first 80 aa
residues of the profein (Figure 12A). The MPV M2-1 protein contains 3 cysteine
residues located within the first 30 aa residues that are conserved among all

30  pneumoviruses. Such a concentration of cysteines is frequently found in zinc-binding
proteins (Ahmadian et al., 1991; Cuesta et al., 2000).

The secondary ORFs (M2-2) that overlap with the M2-1 ORFs of pneumoviruses are
conserved in location but not in sequence and are thought to be involved in the

~ control of the switch between virus RNA replication and transcription (Collins et af.,
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as inactive precursors t hat are cl eave pr ot eases which
gener ate paramyxoviruses (Table 6). Poch ef al. (1989; 1990) 1dent1ﬁed six conserved domains

within the L proteins of non-segmented negative strand RNA viruses, from which

20  domain III contained the four core polymerase motifs that are thought to be essential
for polymerase function. These motifs (A, B, C and D) are well conserved in the MPV
L protein: in motifs A, B and C: MPV shares 100% similarity with all pneumoviruses
and in motif D MPV shares 100 % similarity with APV and 92% with RSV’s. For the
entire domain I (aa 625- 847 in the L, ORF), MPV shares 83% identity with APV, 67-

25  68% with RSV and 26-30% with other paramyxoviruses (Figure 15). In addition to the
polymerase motifs the pneumovirus L proteins contain a sequence which conforms to
a consensus ATP binding motif K(X)2:GEGAGN(X)20K (Stec, 1991). The MPV L ORF
contains a similar motif as APV, in which the spacing of the intermediate residues is
off by one: K(x)22GEGAGNX)1s K.

30 A much preferred suitable open reading frame (ORF) useful in phylogenetic
analyses comprises the ORF encoding the SH protein. When an overall amino acid
identity of at least 30%, preferably of at least 50%, more preferably of at least 75% of
the analysed SH-protein with the SH-protein of isolate I-2614 is found, the analysed

virus isolate comprises a preferred MPYV isclate according to the invention. The gene
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t he resi duest}%&gﬂ Both arginine (R Lesidues are shared P#[{%ﬁ%@@a nd RSV,
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PCT/ NLO2/ 00tP2gest PEHR to éﬁsﬂablvﬁés@ez@mw}tm the,a3 residups pihe 63,
Figure kl) greORPhs ﬁ‘élé(ﬁ?ely RELNGAD tNEé’o@QﬁVAﬁyVQndWMMtﬁ dmgﬁ%&%mge of th

this region being highly “~conserved anon met apneunovi ruses (Naylor et
at., 1998: @@apm@@aa sena@m%, 1886, |1§%s§@@%r, %cmd wfésemmmrsommﬁ\weahd

~-ot-her - par-anyy e f ared - -
w th RSV (p03| o’n 7R%§§&5Iﬁ\§%f@!{§?ﬁnd urt Q er?‘%?%lg)zf or %@@ %s%ggm)t he

si gnal pept ccdeama dOa:yeﬂen{e weidakbd) winireas APUIBH bmtbﬁmmﬂemwddas M1

subtypes and di s ed. high variability,_ betwee ubt ypes PI 0

1995. Nay! oPn’é{mg ‘Y’Seié%*} il FO%%P?B%‘%@ %%%n @P‘?ﬁ: %Ve

11) at itche AMEP 2t BROVUPVAL 472 exhibits some sequence simlarity with 10

APV-C (18 out of 26 as residues are sinilar) and | ess conservation with

ot her APVs The hrdyphohicity nrofdesfar tepMBAV -‘;"Hl proteie anil $H ¢fATE abd 8 anchor
d tt
o b APy e AR TSR ot oo

phyl ogenet i Ml’ﬁhhaw&ehydrbﬁhﬂmmwemm f(ea ORIB), enexandti @yﬂi‘l@hbﬁc[ﬂbﬁiam fna afhen
an overal | Q acid identit at |east 85%. referab t. 90%
of the anal %‘ﬁﬂﬁ)&cw BYISP AS R FPW&W%PSF@? bySu Rytrogts find,
the anaszsa@bnvm&ltb&om@f@&@ecmd%@ﬁy@ophﬂic@ E&%unNE’\inlcﬁﬂdra&te R&Vcomdi ng to
t he i nvention. tS)gene s _unique to the Pneunovirinae and two overl _appi ng

ORFs have bagsasbhwdadethy G- tgnmmphb@ilﬁ@f/theu%% antMPYiQRs. nia al} pwm-mmrus
B L T A R
i nt er geni ¢ found omthe FEQRF &r MPV (aa 29 and 54)
Another much preferred suitable open reading frame (ORF) useful in phylogenetic
20  analyses comprises the ORF éncoding the G protein. When an overall amino acid
identity of at least 30%, preferably of at least 50%, fnore preferably of at least 75% of
the analysed G-protein with the G-protein of isolate I-2614 is found, the analysed
virus isolate comprises a preferred MPV isolate according to the invention. The G
ORF of MPV is located adjacent to the SH gene and encodes a 236 amino acid protein.
25 A secondary small ORF is found immediately following this ORF, potentially coding
for 68 aa residues (pos. 6973-7179,), b1_.1t lacking a start codon. A third major ORF, in
a different reading frame, of 194 aa residues (fragment 4, Figure 7) is overlapping
with both of these ORI's, but also lacks a startcodon (nucleotide 68416-7000), This
major ORF is followed by a fourth ORF in the same reading frame (nt 7001-7198),
30 possibly coding for 65 aa residues but again lacking a start codon. Finally, a potential
- ORF of 97 aa residues (but lacking a startcodon) is found in the third reading frame
(nt 6444-6737, Figure 1). Unlike the first ORF, the other ORFs do not have apparent
gene start or gene end sequences (sec below). Although the 236 aa residue G ORF
probably represents at least a part of the MPYV attachment protein it can not be




at., 1998; Fearns et at., 1999). The M2-1 gene for MPV, |Dtahdg ad¢acent to
the F gene, encodes a 187 as protein (Table 5), and reveals the highest

(849 homgipepMihh M2-1 of APV-C (Table 6). Conpari SO”"FCTMMB%%‘UDW rus

M2-1 proteins reveal ed the 25 hi ghest ;gonservation in the amno-term nal
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secondary CBFEoter?bvillbide 18V Sidrassidt bthbBeoNRs 1 DRES U dAREHR ! Uses are
conserved in |location but not in sequence and are thought to be involved in

the cont r ohomeloghbetsiger the pradigsed ag sequenpegdor differenitvituseafbingehakct998).i on
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rat. 10800t i) e OMeY BT aliel POt ifor § pdetip ant, 557
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Berm ngham et qal ., ...1 . MPV, . t.he -2, starts at nuclegptide 512
in the M- 1%15896&%%@%%{ OBy feoaled %ﬁ%@ry@ﬁm oY g %ﬂ%‘i@?@? Bhaas
for APVC. Seymeherigidl with blter Mown GRS donéd & dehe ppad®td, IhidRVnGgaddhdRY, 71
as residues (t 5). quuence conparison of the M2-2 ORF (Flgure 12B)

Tabl

reveal ed 56% &3 8 L B8 ue @}ggleﬁ&méiéﬁrmﬂmﬁmrote:&naﬁ@@ﬁuh%ﬁ y&eztaiB?Ziaa
hoggs o i t

sequence OWAQ%Yoﬁg%&ﬁgigﬁfé}ﬁin&gWﬁaﬁa‘ﬁ( oS g%a ;S‘;zs gn)sale%%b%he%‘ ab’ €

open readi ng frane ogenetic onpri ses 0 the
ORF encodi mgostiad the DI ORTs vé#remblathosearf A0V loth o lapith andesfudnee ghed | east

El Z? ot glr ﬁf g(lf()ﬁlgls% Pgé\é ?ﬁt qolnglg%%aﬁg Z%’%hﬁ%&e@h@%ﬁéwégd&/‘??ﬁ%ﬁ? Ei)hg‘te%‘ggo npri ses
a pref asr ecselfitdvhdesel-ailel asehne hid thienindRohi2ME 6L 390, whith 304 Nigh& tBhher
NI (NN T M = N Gy N R
ST RS B S BV T G Al 1)
shar es 649%proline residues in the G proteins of APV, RSV and MPV has also been observed in
glycoproteins of mucinous origin where it is a major determinant of the proteins three
20  dimensional structure (Collins et al., 1983; Wertz et al., 1985; Jentoft, 1990).
The number of potential N-linked glycosylation sites in G of MPV is similar to other
pneumoviruses: MPV has 5, whereas hRSV has 7, bRSV has 5, and APV has 3 to 5.
The predicted hydrophobicity profile of MPV G revealed characteristies similar
to the other pneumoviruses. The amino-terminus contains a hydrophylic region
25  followed by a short hydrophobic area (aa 33-53) and a mainly hydrophilic carboxy
terminus (Figure 14B). This overall organisation is consistent with that of an
anchored type II transmembrane protein and corresponds well with these regions in
the G protein of APV and RSV. The G ORF of MPV contains only 1 cysteine residue
in contrast to RSV and APV (5 and 20 respectively).
30

According to classical serological analyses as for example known from
Francki, R.LB., Fauquet, C.M., Knudson, D.L., and Brown, F., Classification and

nomenclature of viruses. Fifth report of the international Committee on Taxonomy of



honol ogy with APV-A, 42-44%w th RSV, and approxi mately 1B3%dmilyh2@ither
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July 2005 WD 02/057302 PCT/NLO2/00040, 18 | ocated adjacent to M2 of MPV
encodes a 1EEwen ﬁ:YY‘bYléPWS(IF|9§&P%°171?°th;d#§F?%ﬁss(h8m°E%€us Hubpieselpgrysdieguence

and its de e gy with
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SH ORF knovasswme a‘%ﬁesé(ﬂ,atkﬁeéula)rotom isdatpessuchas isdlatehle26ist, hesiinales kabwhhe 5

SH ORF is rgl ar to of APV, RSV and PVYM wth a high
per cent age %ﬁi’?’h?gé%tﬁsdn@an&%%?e T2%% 18% 19% 20.0% 21% and 28%

seri nefAitshr eoni ne\ fatlieniasstidativ?df a As aRaW 1éhlat88\és§’entbﬁ§\éngﬁ%dﬁ\é\§fh
respectivel The SR ORF o ntains 10 cysteine residues ereas
APV SH cont’é)ﬁﬁgv?rﬁew&’églﬁétrﬁg%%& Vilyjs as Rfﬁ@f@ﬁg@w%é%n & veadson; thgr
nurbers of HgisethbRlolddydh¥EE BYAralid:GH %Mt@ﬁxs(m\érgm \érallt%e %veﬁﬁgu&m oPRSV

3, PYM 4). The hydrophobicity profilesS for the MV protein and SH of APV
and RSV acid sequence identity between APV (isolated from birds) and MPYV (isolated from

humans) N, P, M, F, M2 and L. ORFs was 64 to 88 percent, and nucleotide sequence
20  homology was also found between the non-coding regions of the APV and MPV

genomes, essentially no discernable amino acid sequence homology was found
between two of the ORF's of the human isolate (MPV) and any of the ORFs of other
paramyxoviruses. The amino acid content, hydrophobicity profiles and location of
these ORF's in the viral genome show that they represent G and SH protein

25  analogues. The sequence homology between APV and MPV, their similar genomic
organization (3'-N-P-M-F-M2-SH-G-L-5) as well as phylogenetic analyses provide
further evidence for the proposed cIaséiﬁcation of MPV as the first mammalian
metapneumovirus.New MPV isolates are for thus example identified as such by virus
isolation and characterisation on tMK or other cells, by RT-PCR and/or sequence

30  analysis followed by phylogenetic tree analyses, and by serologic techniques such as
virus neutralisation assays, indirect immunofiuorescence assays, direct
immunofluorescence assays, FACs analyses or other immunological techniques.

Preferably these techniques are dirvected at the SH and/or G protein analogues.
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found in the d.re é:]frame 6444- 6737, Figure 1). Unlike the
first ORF, e ﬁ%l?f B URALNE AP PRGRITES gF FetAPIGERIOVIERE
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represents at |east a part of the attachnment protern it can not

July 2005 theMENGS heoin fEmsmngly @F@@ﬂbed a9 taxendmitadly cherespdndieiai AP Bnal

di t h
co0 10 SeCBREF i AP LRSS AR RS e PR g B bS5 ¢ o
for APV andcaRS¥d hp MEY anﬂe&s;zn@[{;ssmlaerto these paussl y BREORFsUth e coagh)

identified but, that both nd RSV, have secondar Fs within the major
ORF of 5 G OFRRER IPmiuRe. |8 Fheé’i{&sé’gé’%‘ﬁm@mt Hé%s OEPFURLIiER g and

there is n%oﬂlﬁﬁ%&ﬁ)’th@%aﬁ%ﬁs%@&l REAHTS P thiBGed CRUGRGE Ssrfebifically f&kyent
viruses ( L ;o%negtclnzﬁziren I]flgg %t)aqun:e hospitalisation. As an example an MPV which was
20  deposited January 19, 2001 as I-2614 with CNCM, Institute Pasteur, Paris or a virus
isolate phylogenetically corresponding therewith is herewith provided. Therewith, the
invention provides a virus comprising 2 nucleic acid or functional fragment
phylogenetically corresponding to a nucleic acid sequence shown in figure 6a, 6b, éc,
or structurally corresponding therewith. In particular the invention provides a virus
25 characterised in that after testing it in phylogenetic tree analyses wherein maximum
likelihood trees are generated using 100 bootstraps and 3 jumbles it is found to be
more closely phylogenetically corresponding to a virus isolate deposited as I-2614
with CNCM, Paris than it is related to a virus isolate of avian pneumovirus (APV)
also known as turkey rhinotracheitis virus (TRTV), the aetiological agent of avian
30  rhinotracheitis. It is particularly useful to use an AVP-C virus isolate as outgroup in
said phylogenetic tree analyses, it being the closest relative, albeit being an
essentially non-mammalian virus.
We propose the new human virus to be named human metapneumovirus or

metapneumovirus-like virus (MPV) based on several observations. EM analysis
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provi ded herein, being defined on the basis ) .
another as determined by indirect immunofluorescence assays (IFA) with sera raised

against two of the isolates. Sequence analyses of nine of these isolates revealed that
20  the virus is somewhat related to APV. Based on virological data, sequence homology
as well as the genomic organisation we propose that the virus is a member of
Metapneumovirus genus. Serological surveys showed that this virus is a relatively
common pathogen since the seroprevalence in the Netherlands approaches 100% of
humans by the age of five years. Moreover, the seroprevelance was found to be
25  equally high in sera collected from humans in 1958, indicating this virus has been
circulating in the human population for more than 40 years. The identification of this
proposed new member of the Metapneumouvirus genus now also provides for the
development of means and methods for diagnostic assays or test kits and vaccines or
serum or antibody compositions for viral respiratory tract infections, and for methods
30  totest or screen for antiviral agents useful in the treatment of MPV infections.
To this extent, the invention provides among others an isolated or
recombinant nucleic acid or virus-specific functional fragment thereof obtainable from
-a virus according to the invention, In particular, the invention provides primers

and/or probes suitable for identifying an MPV nucleic acid.
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|dent|ty bét ween APV (1sol ate romblrd
N, P, M Fiuliflengil copyorfibewmgaibue mms@&upb,wérfwﬂmcgenmb@mcdmpmm@e 20

honol o cod S of e APV and MPV
genoneg?‘ \ggg n }?39 (#3 Agefshé@ ira’f§t h‘f% gﬂgg@ﬁ ¥ *kas found
bet ween t V\/@rmiucteﬂ apﬁﬂﬁsvﬁ;i'o tﬂ&&sdﬂﬁm, bﬁp&oﬂh&ec(iﬁ@é]ls aipen @iﬁhsﬁbfctlbrhsf “Rksic of
ot her par ar’r%/ iru 3 acid . content, hy droghobl city profiles and
| ocati on ofPCldpagsen Frpdigie F%ﬂong)é%r@egﬁ%w $trapd yiveg religsoBgent G and

SH t
s 1 e 6 AR
phyl ogenet P@D%mlotibg? brandi rhesiblyuMEinapteins, hehxserm@lec%hembrlupztsédwreto

cl assi {4 catg, é}t:ls%:/cp \ﬁaﬁﬁxés Gi- o]nr en%lllﬂgi eotacan beh1s§189§iJf¥D 3 vﬁrul% &Nagi%%l% & and

i sol ates are or t hus ‘exanp y ViTus

char act er i smildted fimm tdlls amprmsh@romeirllﬁorebft}@TcoB@%nantb’ of prguangmn30

anal ysi s f(t),I I 0¥F\e§ bx $k%l genetic tree anal yses, and by serol ogic

t echni ques “CEIFCHED Of FREGIICFIBTFSSINSEETBRH assays, i ndirect

i Munof | uolefeRMERBRS Y MP VI c4ieBé oblaMBANPAdH 03668 6RnBDasY SRNEAGENANG YSes
or other inmunol ogi cal techniques. Pr ef erably these techni ques are

di rected aVedtpes espregsiedhes et replicptngUsthe mboge menpigned polymerase

20  complex 1619181920212 For the generation of minireplicons or, a reverse genetics

system for generating a full-length copy comprising most or all of the genome of MPV
it suffices to use 3'end and/or 5'end nucleic acid sequences obtainable from for
example APV (Randhawa et al., 1997) or MPV itself,
Also, the invention provides a host cell comprising a nucleic acid or a vector according

25  to the invention. Plasmid or viral vectors containing the polymerase components of
MPV (presumably N, P, L and M2, but not necessarily limited thereto) are generated
in prokaryotic cells for the expression of the components in relevant cell types
(bacteria, insect cells, eukaryotic cells). Plasmid or viral vectors containing full-length
or partial copies of the MPV genome will be generated in prokaryoctic cells for the

30  expression of viral nucleic acids in-vitro or in-vivo. The latter vectors may contain
other viral sequences for the generation of chimeric viruses or chimeric virus
proteins, may lack parts of the viral genome for the generation of replication defective
virus, and may contain mutations, deletions or insertions for the generation of

attenuated viruses.




WO 02/ 057302 PCT/ NLO2/ 00040 21 For exanple the inventionlpraniydesoherein a
nmethod to identify further isolates of MPV as provided herein, the nethod

conpri si ng. 1 ting a essentially MPV-uninfected or
speci fi c-g‘é(mzz%g#-%free guinea pig or ferret (in the detai I"&dNS24¥HP pt i on
the animal is inoculated intranasally2but other ways of inoculation such 5

as i ntranmustiftdioudcopiBh BMEm'gWE@B{M Ql{t}%m%ﬁgd,%gﬂ&tm-@etf ve
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weeks and t - pest. inpcul ati.on. .The animal,specifically
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seroconyerted ani re. used in the, imunol ogi cal detection of said .

Fur ther 5 st gal MRV ipreifs da Be upei S SRS Gk It B BE Hrapafoction (proteins

_ charact er i s@ti@fei®beid vaeMr)E MK ion (irAlNR iR drity O FORHAIYAN iv5+tQPs§ an@ human

~met-apneunovi rus or -netapneunovirus-- like virus (since its final taxonony -
avai t s di scie¥ e mseil foreomplementatiomyl wmentipnadewild tiwe, Mk¢nisted cveplipation-

exanpl e desﬁf&&%%ﬁhﬁé&ﬁ@%&@ |y corresponding to APV) 15 . (MIV) which
I'n

may cause severe umans. The clinical signs of the disease caused
by MPV are essendichinhgricvimid amythe of hatiubause dobihd dRaVratsdncdf rasonsiatgh,

nyal gi a,, vom t.in f,ever, broncheolitis or pn ni,a, possjble _
conj un?toi vi‘f%cgl,“?%?mt‘é%tﬁ&ﬁ ??aﬁl?% CREEBIIT %’g&ge r?ryﬁ/?‘?li‘ipmap&leect ed
children, esivegichd ¢odd ¥ MBS Viruy Péie Bbd SIRbTo h&Q@UrbRiROSIRIVbE § Hgwon.
As an exampl e an MPV which was 20 deposited January 19, 2001 as |-2614 with

CNCM | nst i {86t epREasaing onprimorp profeinsof MPY soll prefephipdiadwals vacsinaged
correspondi ] | mdlt] i ded ] i tion
provi des a v\?iﬂlrl Ega%ggrgg{’?%%%&?{)nuc g? Q{fgééliog%bé %ﬁ%ﬁ%@?cﬁ %glg%%t%%gjea
phyl ogenet ifoaPI3orathee ppomdizogirneesaAtientisied smdi rdpletimmnrdefedivewirisas fiagur e

6a, 6b, :6cC, r.structural.ly corres ing therewith., In particular he
vent 1o sl ALY SRS R B e Ao Res bt Peca NEEetR g opheiy
phyl ogenet iwdriseee2anal yses wherein maxi num |ikelihood trees are generated
usi ng -100 bootstnsagg nd 3 junmbles it is found to be nore closely
phyl ogenet i cal | ;}I %eg%"ﬁ%amh@dl@@ns the inention|pypedge p seeteacepyts malgaule opi t h
OO Par | Sméda@okuiorifud BIRIRELiL pfoikld (SrnS A SRl A BPGUARY b5
(APV) also known as turkey rhinotracheitis virus , the aetiological
agent of aviugligacid aremsdingdhdhe inyention. Gsefal piiotrihageoys usidculestave frwre an

AVP- C gipr u%xbﬁi?)h@&&i@e% @%%&9%? tﬂengenes or genomic fragments derivable from a virus
according to the invention. Such molecules, or antigenic fragments thereof, as '
provided herein, are for example useful in diagnostic methods or kits and in
pharmaceutical compositions such as sub-unit vaccines. Particularly useful are the F,
SH and/or G protein or antigenic fragments thereof for inclusion as antigen or

25  subunit immunogen, but inactivated whole virus can also be used. Particulary useful
are also those proteinaceous substances that arve encoded by recombinant nucleic acid
fragments that are identified for phylogenetic analyses, of course preferred are those
that are within the preferred bounds and metes of ORF's useful in phylogenetic
analyses, in particular for eliciting MPV specific antibodies, whether in vivo (e.g. for

30 protective puposes or for providing diagnostic antibodies) or in vitro (e.g. by phage
display technology or another technique useful for generating synthetic antibodies).

Also provided herein are antibodies, be it natural polyclonal or monoclonal, or
synthetic (e.g. (phage) library-derived binding molecules) antibodies that

specificallyreact with an antigen comprising a proteinaceous molecule or MPV-
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The ot her mhuggﬁlsﬁggﬁeﬂﬁay@@ﬁﬁ gbgd. Al individuals suffered from upper
RTI, with synptons rantgl ng from cough, rryal(gi a, vomting and fever to
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h t al
pgtS P:anfl S o ?\g‘gﬂ%l%dg{aér é' 4 %6 rn \ggﬂ%}i‘e#ﬁlﬁbg vﬁ'ufs %ﬁegagpgéelggo do%g %’ Qﬁ?%’%q 8
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and ani mal paranyxqviruses.. They were claqsely r, not her
as deternmined b ‘ﬁ’é‘??’@%?ﬁ? TRYRRBT BERVY &F@é%@éﬁ?s‘g tﬁg@qf’lwwtl ‘-?dal sed
agai nst  t Woacbrdimetd Rliavé@TionIBARREHn ANA] ViS€StRbntth FE1 %t:oxtr dirgoat es
reveal ed that 20 the virus is sonewhat related to APV. Based on vi roI ogi cal

data, sequetREatiNeReRSonelastrapied BAA naugisentifisble r@éﬁeb?ahelmgme t(pth@p ose
that t ri%h\alllt éetlbh j 'ﬁet&pmﬁﬁnﬁ f:lMﬁttﬁQ st %ﬂ%ﬁe&ﬁlﬂﬁ Zmna??%% She @m%lﬁre SUurveys
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seropreval eﬂwammommdablet her | ands approaches 100% of humans by the age of

Sera vol | cted 11 mRtie SO L6y meha patTrlpetoy SpegsiRas HEE, | O
infection of a mammal, sa1d method for example comprising determining in a sample
of said mammal the presence of a viral isolate or component thereof by reacting said

20  sample with a nucleic acid or an antibody according to the invention. Examples are
further given in the detailed description, such as the use of PCR (or other
amplification or hybridisation techniques well known in the art) or the use of
immunofluorescence detection (or other immunological techniques known in the art)

The invention also provides a method for serologically diagnosing a MPV

25  infection of a mammal comprising determining in a sample of said mammal the
presence of an antibody specifically directed against a MPV or component thereof by
reacting said sample with a proteinaceous molecule or fragment thereof or an antigen
according to the invention

Methods and means provided herein are particularly useful in a diagnostic kit

30  for diagnosing a MPV infection, be it by virological or serological diagnosis. Such kits
or assays may for example comprise a virus, a nucleic acid; a proteinaceous molecule
or fragment thereof, an antigen and/or an antibody according to the invention.

Use of a virus, a nucleic acid, a proteinaceous molecule or fragment thereof, an

antigen and/or an antibody according to the invention is also provided for the
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frominfectious virus, produced upon in-vitro transcriptiron, or produced
in cells updh atnf@mgﬁaemtn@hc@ﬂpm%mcor@agd@thesmmt@n is seeptosefoh of
‘reconbi na U |y

conpl ex. [}Erpﬂggg%& Hﬁvﬁﬁl ?éhqnﬂeregzaeﬂ@%?r% §Qc1ﬁcaﬂ éd&r%i‘ ggl%nclgﬁél%gﬁs of N,
P, L and peass dageMingy mtchlmfanté)aﬁd ysumg)thﬂiheﬁeamnohiylﬂtelﬁtd bajuifdnﬁédahpa 15

Pol yner.as S-or onent t her eof i.solated fro us
partlmipeseh QWWN eI’fgme Pﬁl?yp’nﬂl%‘ﬁ Fﬁ"hﬂsﬁpﬁ'fﬂe? hent s,
or produceforidRPPer ie!sﬁﬁﬁfcﬁ?byﬁﬁtcﬁﬁs BRAGdJobin g SAHPGIBES L RPiIrd RS Qh&ﬂthérnf ectious
copi es of MPV can_be obtal ned when the above nentioned VvR

vectors ex}iresses ddsq lnwee remmatary dlipesses myagewy ptwésp&wéom@ﬁm @wiaasher
pol ynmer ase 20, HRisnsl 6, 17. 18, 19, 20. 21, 22For the generation of

nlnlrepllcons or, a reverse genetlcs
The invention also provides method to obtain an antiviral agent useful in the

20  treatment of respiratory tract illness comprising establishing a cell culture or
experimental animal comprising a virus according to the invention, treating said
culture or animal with an candidate antiviral agent, and determining the effect of
said agent on said virus or its infection of said culture or animal. An example of such
an antiviral agent comprises a MPV-neutralising antibody, or functional component

25 - thereof, as provided herein, but antiviral agents of other nature are obtained as well.
The invention also provides use of an antiviral agent according to the invention for

| the preparation of a pharmaceutical composition, in particular for the preparation of |
" a pharmaceutical composition for the treatment of respiratory tract illness,
especifically when caused by an MPV infection, and provides a pharmaceutical

30 composition comprising an antiviral agent according to the invention, useful in a
method for the treatment or prevention of an MPV infection or respiratory illness,
said method comprising providing an individual with such a pharmaceutical

composition.




system for generating a full-length copy conprising nost i@ Jaty »dox he
genone of MPV it suffices to use 3'end and/or 5'end nucleic acid sequences
obtai nable fromfor exanple APV (Rand et al., 1997) or MPV itself.
Al so, the jnvention provides a host cel1°tonprising a nucleic acid or a °
vector according 25 to the invention. Plasm d or viral vectors containing
t he pol ynerase conponents of MV (presumably N, P, L and M2, but not
necessarily limted thereto) are generated in prokaryotic cells for the
expression of the conmponents in relevant cell types (bacteria, insect
cells, eukaryotic cells). Plasmd or viral vectors containing full-length
or partial copies of the MPV genone wll be generated in prokaryotic cells
for the 30 expression of viral nucleic acids in-vitro or in-vivo. The
| atter vectors may contain other viral sequences for the generation of
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viruses. A chinmeric virus may be of particular use for the generation of
recombi nant 10 siigedddRNA presapnstinoyiregiaigrester then 68f% ionkcal to the emiRBaddi, 26 .

more procel ns of cey B BRA G IP et s B S iE E atns o
MPV wi | | pr ot ectwheneth yéqhieadesidviags i @@ ehinddl dvar S ehriNaeh@h oPRIMSbteapt h
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use for vacci nataRdieR Hitadlehobnicis YRS B5R % MRSuAT NS uggEsLed for

ot her
sequence of the M protein of MPV isolate 00-1 or 99-1 as shown in Figure 22,

wherein sequence identity is determined over the entire length of the M protein;

(iv)  the amino acid sequence of the F protein of the isolated negative-sense éingle
stranded RNA metapneumovirus is greater than 81% identical to the amino acid
sequence of the F protein of MPV isolate 00-1 or 99-1 as shown in Figure 23,
wherein sequence identity is determined over the entire length of the F protein;

(v)  the amino acid sequence of the M2-1 protein of the isolated negative-sense single
stranded RNA metapneumovirus is greater than 84% identical to the amino acid
sequence of the M2-1 protein of MPV isolate 00-1 or 99-1 as shown in Figure 24,
wherein sequence identity is determined over the entire length of the M2-1
protein;

(vi)  the amino acid sequence of the M2-2 protein of the isolated negative-sense single
stranded RNA metapneumovirus is greater than 56% identical to the amino acid

sequence of the M2-2 protein of MPYV isolate 00-1 or 99-1 as shown in Figure 25,




viruses 25,26 In a preferred enbodi nent, the invention providégs 2005
protei naceous nol ecul e or netapneundvigus-specific viral protein or
functional fragnent thereof encoded by a nucleic acid according to the
i nvention. Useful proteinaceous nolecules are for 20 exanple derived from
any of the genes or genomc fragnents derivable froma virus according to
the invention. Such nolecules, or antigenic fragnents thereof, as provided
herein, _.are for exanple useful in diagnostic nmethods or kits and in
pharmaceutical conpositions such as sub-unit vaccines. Particularly useful
are the F, SH and/or G protein or antigenic fragnents thereof for inclusion
as antigen or 25vhentjnséquencemidensyiy is detanmiried aver the eridredgngtivolthe ¥2-2an al so be
used. Particul aﬁ% useful are also those protei naceous substances that .are
encoded by reco P%ht nucl eic acid fragnents that are identified for
phyl ogenet i &iipnahy o aefd sequtine oPtheTairbeih ¢ftke isbRsd nephiirte-ne siagldi n t he
preferred bounds and netes of ORFs useful in _phylogenetic analyses, in
—-parti-cul ar f or - tierded RNA papnsuBioving isgerish Hiap 90 % identiral to the gming 3¢ g £ or
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(e.g. by phage Fsplray technology ‘or another technique useful ftor
generating synt hefuedcaidehtiyds éadrmindl o@r heeniickddngtkobite lapwtamt | bodi es, be
it natural pgQlyclonal or nonoclonal, or synthetic,(e,g. (phage) .
li brary- dervid the WHWH@CWQWP%Q? thg $H m;e@frbgp tﬁﬁ &Plﬁi";ﬁe‘%ﬂfl‘iﬁ{%ﬁ%ﬁ HOIE it h
an antigen conpri.s) I | : cid\O
02/ 057302 PCT NEBEISEETR ngeggﬂéf‘%g@??#% lg% ﬁ?@?gﬁa?g?"?@éf#ﬁ% %zﬁég%%accor di ng
to the inventi oseqnchoftht SHostbem el MPVisddte 00 lnord9rkaswhowion Fighen2é.f yi ng a

viral isolate as an MPV conpr,i sin eact i said vinal .ispla or, a.
Component. ¢ her edtheRiR FPBRICIUFISA deTiiisd fueeton gpdieeneph PELE SR gyets

exanpl e be achi gyed by using purified or non-purified MPV or parts thereof
(proteins, 5 peptides) using ELISA RIA FAGS or simlar formats of antigen
det ecti on dE9ayshe gimpracidtsefueanico obths G proteimofitbe ingjated migadyesanse tipgle

infected cells or cell ltures may. he used.to tif i kal t1l@ens
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said 10 viral isolate or a conponent thereof with a virus _specific nucleic
aci d accordi ng twherdiesequence identity is determined over the entire length of the G protein.

2. An isolated negative-sense single stranded RNA metapneumovirus, wherein the
negative-sense single stranded RNA metapneumovirus encodes at least two proteins of
the following:

@ an N protein with greater than 88% amino acid sequence identity to the amino
acid sequence of the N protein of MPV isolate 00-1 or 99-1 as shown in Figure
20;

(i1) é P protein with greater than 68% amino acid sequence identity to the amino acid
sequence of the P protein of MPV isolate 00-1 or 99-1 as shown in Figure 21;

(ifi)  an M protein with greater than 87% amino acid sequence identity to the amino

acid sequence of the M protein of MPV isolate 00-1 or 99-1 as shown in Figure

22;

(iv)  anF protein with greater than 81% amino acid sequence identity to the amino acid

sequence of the F protein of MPV isolate 00-1 or 99-1 as shown in Figure 23;




invention, in particular where said mammal i an virus conpriemlg hadmn
virus. In this way the invention proviggs a viral isolate identifiable with
a method according to the invention as a mamalian virus taxonom cally
corresponding to a negative-sense single stranded RNA virus identifiable
as |likely belonging to the 15 genus Mt apneunovirus within the sub-famly
Pneunovirinae of the famly Paranyxoviridae. The nethod is useful in a

nmet hod for virologically diagnosing an MPV infection of a mammal, said

met hod for exanple conprising determining in a sanple of said mammal the
presence of a viral isolate or conponent thereof by reacting said 20 sanple
with a nucl@® c aciM2drprateinawith groatyr ther 84%iangne acid sequencedentsn 1o e MBS are
further given in the detailged cripti L t S (or other
anplification or® ﬂ?"d’icsat@8&2%‘?{5&8@%‘2?@%@@%@?Ry?ﬁaégg?t or the use
of i mmunof | uor gg&ga084; glet ection (or other immunol ogi cal techniques known
in the art) The invention also provides a nethod for serol ogi call
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pr ot ei naceous mﬂigmalzg, or fragnent thereof or an antigen according to the
i nvention Methods and nmeans provided herein arge partic I? I seful in a
di agnost i c Wit a8d- prefein Wil garatcs $han Yk AmHOASG HuCTSE lﬁyetﬂ lbﬁf%&]i%ler?f%‘& cal or
serol ogi cal di AGRARlcGuertl SRR ot o MBSO Phs B3I PighRITY;  Se 2
virus, a nucleic acid, a proteinaceous nolecule or fragnment thereof, an
anti gen andti®) am SHpionein withgrentatitieg 296 tinénd aviksequence idgnditioto the 9imes, a
nucl eic acid, a protei naceQys | ecul e. o I t ot of . i.gen
and/ or an anti b&&@%ﬁﬁwpﬁg‘ethPPlﬁ?WMt\{‘éﬁﬁes 51 g%?%f%ﬁ??ﬁ‘kﬁe 13
July 2005 WO 022/6?517302 PCT/ NLO2/ 00040 26 production of a pharnaceuti cal

conposition, for exanple for the treatment or prevention of MPV.infections
and/ or for (if)e ta@atoteintwitr grpatentba 2% aofine ecifisequenes/identity¢éq thejamigaadd | j n

particular in humans. ALtenuation of e Vir [0 i e

est abl i shed net ﬁSﬂ‘éﬁnﬁ‘éQt‘&’ﬁggﬁmfe& ofwy}ﬁ?}ﬁﬁodg%l, 0%?%&%%%?%%? i i t ed
to the use ghinsehhedidehity$detinifddBler BRAtASIengRI0F He rpgrsiggaotehr. ough
| aboratory ani mal s”or/and

3. The isolated negative-sense single stranded RNA metapneumovirus of 1 or 2
wherein _
(1) the N protein has at least 95% amino acid sequence identity to the amino acid
sequence of the N protein of MPV isolate 00-1 or 99-1 as shown in Figure 20;
(i)  the P protein has at least 85% amino acid sequence identity to the amino acid
sequence of the P protein of MPV isolate 00-1 or 99-1 as shown in Figure 21;
(111} | the M protein has at least 97% amino acid sequence identity to the amino acid
sequence of the M protein of MPV isolate 00-1 or 99-1 as shown in Figure 22;
(iv)  the F protein has at least 97% amino acid sequence identity to the amino acid
sequence of the F protein of MPV isolate 00-1 or 99-1 as shown in Figure 23;
(v)  the M2 protein has at least 90% amino acid sequence identity to the amino acid
sequence of the M2 protein of MPV isolate 00-1 or 99-1 as shown in Figure 25;
(vi)  the L protein has at least 95% amino acid sequence identity to the amino acid

sequence of the L protein of MPV isolate 00-1 as shown in Figure 28;




tissue/cell cultures, site directed nutagenesis of nol ecul:rdudlyoRess and
exchange of genes or gene fragments between related viruses. A

phar maceutical conposition conprising a virus, a nucleic acid, a
prot ei naceous nol ecul e or fragnent theggof, an antigen and/or an anti body
according 10 to the inwvention can for exanple be used in a nethod for the
treatnent or prevention of a MPV infection and/or a respiratory illness
conprising providing an individual wth a pharnaceutical conposition
according to the invention. This is nost useful when said individual
conprises a human, especifically when said human is below 5 years of age,
si nce such (viih) anths SEptoteinirag atleast J6%ramaine apidsequenkeidgntity ththeianfise peid by a

15 . human MPV as provided repn. ally, in t acute ph jents
Wi sutter 1 omebas pf B shfindledh of BT Aot o Lo BEL AT M Sl BifulRs &
respiratorynand @k groteth 1R A6 REst 7AMS4ninG\Weid segsddice Rlehtity tb tHen@fige acidry
occur, predisposing for nore and other serious conditions. The invention

3

~-al'so provi des-metegewnce of GispiotaimobMPWiselate (Wgbat 9915 8§ shownynHigure 23,

treat ment O&hérgﬁ%@%h?é ?ﬁeﬁtﬁtﬁﬁé ﬁiétélll”ﬁédsov%f’ﬁ]%re'nﬁeﬁgn B?Haééé@%&?«eaprﬁéid
culture or “experiaental ant nal conprising a virus-according tothe
invention, treating said culture or aninmal with an candi date antiviral
agent, and determning the effect of _said agent on said viirus or its
i nf ectd-on of hesisplated gegative-sense selirandsd RNAFRetaprspmeyids ofart @Rt fviral agent
conpri ses %%@Mhneutral i sing antibody, or functional conponent 25 thereof,
as provided herein, but antiviral agents of other nature are obtained as
wel | . The ({invenhe dipredeichap thevimies acideeqfenanitha™N protaimbf MPdhisolated¥)-Hiong to
the invention for, . th re %rati%] of a pharmaceutical conposition, in
particul ar for thel Eﬁ@ﬁ@?‘dﬁ B\T9+Y a pharmaceutical conposition for the
treat ment qhi)r Sk PR Hbd ftlanlihd BGE SequBSRARIH P Biduin SRIPY ReRRIOBY o MPV
i nfection, and provides a pharnaceut! caq 30 conposition conprising an
antiviral agent ¥ekayshowy ib diglre 2ilnventi on, useful in a nethod for the

t t t oL.. i . MPV i nfecti i rat ol i L id
ot hod. conP a1 THE PFBOIRT s e 1dEhea et o v N RSB SRERE g1
conposi tion. 13 oty £Q@6wn ZORigheCHr;di ngly, the present invention provides:

1. An isolated negative-sense single stranded RNA net apneunovirus, wherein
(iv)  the F protein has the amino acid sequence of the F protein of MPV isolate 00-1 or

99-1 as shown in Figure 23;

(v)  the M2 protein has the amino acid sequence of the M2 protein of MPV isolate 00-
1 or 99-1 as shown in Figure 25;

(vi)  the L protein has the amino acid sequence of the L. protein of MPV isolate 00-1 as
shown in Figure 28;

(vii)  the SH protein has the amino acid sequence of the SH protein of MPV isolate 00-
1 or 99-1 as shown in Figure 26; or

(viii) the G protein has the amino acid sequence of the G protein of MPV isolate 00-1
or 99-1 as shown in Figure 27,

wherein sequence identity is determined over the entire length of the respective protein.

5. An isolated nucleic acid, wherein
(1) the nucleic acid encodes a protein comprising an amino acid sequence that is
greater than 95% identical to the amino acid sequence of the N protein of MPV

isolate 00-1 or 99-1 as shown in Figure 20;



(i) the am no acid sequence of the N protein of the isol atduaggaddive-sense
single stranded RNA netapneunovirus is greater than 88%identical to the
ami no acid sequence of the N proteipgaf MPV isolate 00-1 or 99-1 as shown
in Figure 20, wherein sequence identity is determ ned over the entire

| ength of the N protein;» (ii) the am no acid sequence of the P protein of
the isol ated negative-sense single stranded RNA netapneunovirus is greater
than 68%identical to the amno acid sequence of the P protein of MPV
isolate 00-1 or 99-1 as shown in Figure 21, wherein sequence identity is
determ ned gver the entire length of the P_protein; (ijj) the amnpo acid
sequence of ) he th PiRIe peid Gheadfbn PEVRIR COMPHERE AT YBIOSRKISeaiqTgP Bhal 8t r anded
RNA net apneunovi i : 001 dent | tihep 815 j
sequence of the %‘?%?%%ﬁﬁ&mw?gslg'lgé%{%m%ﬁqk%r%@%% as oélv\go?%mﬁ/i gure
22, wherein sedsedae 604i1de90+it 35 showdén Higara@th, over the entire length of the

M protein; (iVv) fhe am nq acid sequence of the F protein of the isolated
negati ve- sdlibe’ ol 88 Sicade’ R G Copptinb M PO guenr Tkl a106
i dentical to the:am iR fPior ideROH EOEE aBfind £1Gd FeqRbMetir el g6 srye 00- 1

or 99-1 as showt in Figure 23, wherein sequence identity is determned
over the entire isadaigOb-lafr 99HeasEhpwotimFigurg22; t he ami no acid sequence of the
M2-1 protein.of the iso e ati\{e-sense.si ngl st{ﬂanded R

| d ) )
ot apneumodios S aced Soolr Sl nSineRt Pfafing Ml RSP Bat e quence

of the M2-1 protgedafer @han™P ikt & @8 ahity adiPschuasce DI AW pvtdih OFMP V24,
wherein sequence identity is determ ned over the entire length of the M-1
protein; (vi) thwlaedd adPd asshowndeFigiradd M2-2 protein of the isolated

i ve- - . strandad RNA | LUs s 56%
R o e N L e AR
00-1 or 99-1 as gedaMhanrP0Fh Wéhticalfo thé Iminy i@ MABendR@ W WRGrocHmATOEPY e

identity is determ ned over the entire | ee(r;%h of the M2-2 protein; (vii)
the anino acid $¥liehed asP9tlns showpan Eighreod:t he i sol at ed negati ve- sense

single stranded BN V] Ny ol HERL | to the

am no acid (@12 eq&t‘ancelég&?ﬁ?%ﬁgsr %)#%&?er%h ?,?‘gfi}ﬁ@ﬁ? é%%lg@ a%gfgfhas %lﬁ}ga\?mkqs in

Fi gure 28, wher greater stepPsde rlehtieah td thy ahfnalsii@soqueme of dey L pheeianf MRV | engt h

of .the L protein,; Lo

isolate 00-1 as shown in Figure 28;

(vii) the nucleic acid encodes a protein comprising an amino acid sequence that is
greater than 75% identical to the amino acid sequence of the SH protein of MPV
isolate 00-1 or 99-1 as shown in Figure 26; or

(viii) the nucleic acid encodes a protein comprising an amino acid sequence that is

~ greater than 75% identical to the amino acid sequence of the G protein of MPV

isolate 00-1 or 99-1 as shown in Figure 27.

6. An isolated nucleic acid, wherein
(i) the nucleic acid encodes the N protein of MPV isolate 00-1 or 99-1 as shown in
Figure 20;
(i)  the nucleic acid encodes the P protein of MPV isolate 00-1 or 99-1 as shown in
Figure 21;
(ili)  the nucleic acid encodes the M protein of MPV isolate 00-1 or 99-1 as shown in

Figure 22,




(viii) the am no acid sequence of the SH protein of the ilsblJat.gd2005

negati ve-sense single stranded RNA netapneunovirus is greater than 29%
identical to the amno acid sequencé@édf the SH protein of MPV isolate 00-1
or 99-1 as shown in Figure 26, wherein sequence identity is determ ned -
over the entire length of the SH protein; or (ix) the amno acid sequence
of the G protein of the isolated negative-sense single stranded RNA

met apneunovirus is greater than 29% identical to the am no acid sequence
of the G protein of MPV isolate 00-1 or 99-1 as shown in Figure 27,

wherei n sequence identity is deternmi ned over the entire | ength of the G
prot ei n. (I\An ithohedeid acid gacadee thedhpreteis ofgYIB Vsiselate ol endl- showadfovi r us,
wherein the {i v§3sense si ngl e stranded RNA net apneunovi rus encodes at
| east two protel AEEF> t he fol | owi ng: (i) an N protein with greater than
88% ami no_gq) d IROEINEE atidentddey tHeM2 bot@F o MP R @othtEEIUONOS 1 @f shdven i
protein of MPV isolate 00-1 or 99-1 as shown in Figure 20; (ii) a P
~protein with grddg®e2fhan 68% ani no acid sequence identity to the am no
acid sequ n

Fi gure 21; e(%l i q& M]C? a{?lg;% h@dd@s eLNggteégf gitﬁ?%algg%af almgsg%l%g@ ¥ equzegnce
identity tc(vilhe tbdmmmelaﬁmd eﬁaﬁeeﬂﬁsmfyrotdi@oi\mbiselamﬁiﬁlwilaskhnval mo-1 or
99-1 as shown in Figure 22; (iv) an F protein with greater than 81% an no
aci d sequence i d&HHF L) 90 the am no acid sequence of the F protein of MPV
| sol ate 00- (¢ugr e uclé a@iﬁ%ﬁ@yd&:@ﬂ@@ d’?g’f MPYV RUla¥e GRP 8r 979 Gs Shiowidn, M2- 1
protein with greater t o am no sequence i1dentity to the am no
aci d sequence ofFigure2®2-1 protein of I\/PV isolate 00-1 or 99-1 as shown in
Figure 24; or (vi) an M2-2 protein with greater than 56% am no acid
sequence identity to the amno acid sequence of the M2-2 protein of MPV

I sol atz 00-alh Rb1aRE nheRR: R Whetdin ﬂl%'lﬂ:l}!ag@d 3L§clelé\ébﬂd)hy8ﬂdlkeso§p@é1ﬁb£l J}'\iﬂd@r
greater than 90% am no acid sequence identity to the amno acid sequence
of the L prhighsitringsit daditions|vetheth® Gudeiaacidhodwh or . Fi gure 28;

8. The isolated nucleic acid of - 7, wherein the nucleic acid is at least 10 nucleotides, at
least 25 nucleotides, at least 40 nucleotides, 18 nucleotides, 19 nucleotides, 20
nucleotides, 21 nucleotides, 22 nucleotides, 24 nucleotides, or 25 nucleotides long.

9. An isolated nucleic acid, wherein the nucleic acid comprises the nucleic acid of « 5,

6, or 7 and a second nucleic acid, wherein the second nucleic acid encodes a protein of a
paramyxovirus other than mammalian metapneumovirus.

10. A vector comprising the nucleic acid of any one of 5, 6, 7, 8, or 9.

11. A host cell comprising the nucleic acid of 5, 6, 7, 8, or 9, or the vector of 10.

12. Anisolated negative-sense single stranded RNA metapneumovirus, wherein the genome

of the virus comprises the nucleotide sequence of 5,6,7,8,0r9.

13.  An infectious chimeric virus, wherein the chimeric virus comptises

(a) at least two contiguous kilobasepairs of the virus of | 1,2, 3,4 or 12; and .




(viii) an SH protein with greater than 29% am no acid sequedueyi Zetgity to
the'am no acid sequence of the SH protein of MPV isolate 00-1 or 99-1 as

shown in Figure 26; or (ix) a G protekagwith greater than 29% am no acid
sequence identity to the amno acid sequence of the G protein of MV

isolate 00-1 or 99-1 as -shown in Figure 27, wherein sequence identity is
determ ned over the entire length of the respective protein. 3. The

i sol at ed negati ve-sense single stranded RNA net apneunovirus of, 1 or 2

wherein (i) the N protein has at |east 95% am no acid sequence identity to

the amno acid sequence of the N protein of MPV isolate 00-1 or 99-1 as

shown i n Filur e 2@quence iof a differddt giras.ei n has at | east 85% ani no acid

sequence identity to the am no acid sequence of the P protein of MPV

isolate 00-1 or 99-1 as shown in Figure 21; (iii) the Mprotein has at

| east ©I(% oM hifledioud IRRRHE REEs, WheRH (¥ chinéiteviARicBRpASdsdhe SaOURTehOf the M
protein of MPV isolate 00-1 or 99-1 as shown in Figure 22; (iv) the F

-protein has'ids of eds?, 39F9y &7 wherein jode semochefthe desmtreading Gamkeinheno acid -
sequence of_; ' V. i.s0l 0-1, - [ i gure
530y ¢ et B kellbyteal ¥l SpaliehuRh e boRlab AV, D110

the am no acid sequence of the M2 protein of MPV isolate 00-1 or 99-1 as

shown in Fﬁ{rﬁ? 25; (vi). the L_protein_has_ at |east 95% am no aci__i d

sequerkse [ ?CVOP%CI’(IW@UQM% wheredn ﬂ@@&%‘ﬁ&é‘”ﬂ‘ﬁ CORPIECS JROEDOHCSY APV

i sol ate 00- L i ; j o) rotein
has at IeasﬁtEP ‘?’égo a%gbggﬁfgﬂigfg%@eﬁ%egjr%déﬂ%ﬁa élggglt?ﬁggl%ﬁ{én(g%%?gvs@gguence
of the SH eat eplaced bjvEié anslogaiseopef rdading P4ind fram mammaliamMPiVgur e 26; or
(viii) the G protein has at |east 75% am no acid sequence identity to the
am no acid sequence of the G protein of MPV isolate 00-1 or 99-1 as shown
in Figgre Fhe vidhef SlyorRRAVENES, i deDD1 Willerbi {RIsTS AR&ofMbSiant Ay Entire

| ength of the respective protein. 4. The I|sol ated negative-sense single
stranded ReAenmatesprimsnovirus of 1 or 2 wherein (i) the N protein has the
am no acid sequence the N protein of MPV isolate 00-1 or 99-1 as shown in
Figure 20; (ii) the P protein has the am no acid sequence of the P protein

of MPY(7i solmkeit9oflaByf one of 1,2, 3, 4 or 12, wherein the virus is capable of infecting a |

human cell.

18.  The virus of any one of 1, 2, 3, 4 or 12, wherein the virus is capable of infecting a |

mammalian cell,

19.  Animmunogenic composition, wherein the immunogenic composition comprises the

virus of any one of 1,2, 3,4 or 1'2.

20.  Anisolated protein, wherein the protein comprises:
(i) an N protein with greater than 88% amino acid sequence identity to the amino
acid sequence of the N protein of MPV isolate 00-1 or 99-1 as shown in Figure
20;
(i)  aP protein with greater than 68% amino acid sequence identity to the amino acid

sequence of the P protein of MPV isolate 00-1 or 99-1 as shown in Figure 21;



99-1 as shown in Figure 21; (iii) the Mprotein has the af Folack@bsequence
of the Mprotein of MPV isolate 00-1 or 99-1 as shown in Figure 22; (iv)
the F protein has the amino acid sequence of the F protein of MPV isolate
00-1 or 99-1 as shown in Figure 23; ?8? the M2 protein has the ami no acid
sequence of the M2 protein of MPV isolate 00- 1 or 99-1 as shown in Figure
25; (vi) the L protein has the am no acid sequence of the L protein of MV
isolate 00-1 as shown in Figure 28; (vii) the SH protein has the am no
acid sequence of the SH protein of MPV isolate 00- 1 or 99-1 as shown in
Figure 26; or (viii) the G protein has the am no acid sequence of the G
protein of GNPV wsM plorid®ith greater AhnB 785 aminovanidi seqnge identy, to Hipeanaing

sequence identity  is determm ned over entire |en of ,the. tive
protein. 5. Ana¢idstqucaee of the 1&‘“5&%&%6‘?‘3?%%?71)“%?21?ﬁf@f)%’inclﬁ?c%%géencodes
a protein conprikging an amno acid sequence that is greater than 95%

)

identical to the am no acid sequence of the N protein of MPV isqlate 00-1
—or 99-1 as(ishowan Fipréteipuwith S@atedthad 819 apioGacid sequence)idemiisy fide amanogad
encodes a protein conpr.isi an am acj ue (N . er than
85% i dent i cal tée‘l“ﬁ’éceaﬂfriﬂi‘ﬁ)lggﬁqtﬂng en@Biager(ifﬂgr %gra%%}gq%ﬂ %lfFl%é\%/%f sol ate
00-1 or 99t asasheD pidleil vall Berddr thid 849 ahlid A iRuencddshtienmatie amino
protein conprising an amno acid sequence that is reater than 97%

i dentical to thacidsequenceofdhe Mk peteinpf MEY WPHQW&Oe?ﬁf -1 ppthownsi) at e 00- 1
or 99-1 as shown.in g%%ure 22; (iv) the nucleic acid encodes a protein
conprising an aM&{F 4t®l sequence that is greater than 97%identical to

the amino ag)d gelEPpREh WilheyrEat@rthi56% aitddéid sspbadedd ity todthe 8D as
shown in Figure 23; (v) the nucleic acid encodes a Fro{)&i n conprising an
ami no aci d sequesid sequienge 9fdhe N2 protein RENMIOOBRlaN | 05Y9-1 35 £ W no acid
sequence of theF{le eoﬁjt ein of MPV isolate 00-1 or 99-1 as shown in Figure
24; sHre 29,

(vii) an L protein with greater than 90% amino acid sequence identity to.the amino

_ acid sequence of the L protein of MPV isolate 00-1 as shown in Figure 28;

(viii) an SH protein with greater than 29% amino acid sequence identity to the amino
acid sequence of the SH protein of MPV isolate 00-1 or 99-1 as shown in Figure
26; or

(ix) a G protein with greater than 29% amino acid sequence identity to the amino acid
sequence of the G protein of MPV isolate 00-1 or 99-1 as shown in Figure 27,

wherein sequence identity is determined over the entire length of the respective protein.

21.  The isolated protein of 20, wherein
) the N protein has at least 95% amino acid sequence identity to the amino acid
sequence of the N protein of MPV isolate 00-1 or 99-1 as shown in Figure 20;
(ii)  the P protein has at least 85% amino acid sequence identity to the amino acid
sequence of the P protein of MPV isolate 00-1 or 99-1 as shown in Figure 21;
(iii)  the M protein has at least 97% amino acid sequence identity to the amino acid
sequence of the M protein of MPV isolate 00-1 or 99-1 as shown in Figure 22;
@av) the F protein has at least 97% amino acid sequence identity to the amino acid

sequence of the F protein of MPV isolate 00-1 or 99-1 as shown in Figure 23;




(vi) the nucleic acid encodes a protein conprising an am I® Jatiyd28@guence
that is greater than 95% i dentical to the amno acid sequence of the L
protein of MPV isolate 00-1 as shown 'Q%Figure 28; (vii) the nucleic acid
encodes a protein conprising an am no d sequence that is greater than
75% i dentical to the am.no acid sequence of the SH protein of MPV isolate
00-1 or 99-1 as shown in Figure 26; or (viii) the nucleic acid encodes a
protein conprising an ami no acid sequence that is greater than 75%
identical to the am no acid sequence of the G protein of MPV isolate 00-1
or 99-1 as shown in Figure 27. 6. An isolated nucleic acid, wherein_ (i) the
nucl ei ¢ aci(d) enclolsie proeinthag aolesit B0BfankRyad¢id séqueacidertity to thg amingacihown in

Fi 20; (ii) th i id, t ' f NPV .e 00-1
or '90°1" a5 ShowdeRneFSigar S0l AARE T 0P E] B el ER A
protein of AfV i@@L@E&eiﬁ%aéLat%asPQs% aﬁﬁnémduenc&hm\fmaae athfholieid/ 2005

26f (iv) the'nucleiC acid encodes the F protein of MV i
~as shown in i Bequenee @fthe Diproteineof MRY dsodate60d as showein Kigwendd: protein of

MPV i sol at 0-1 0£.,99-1. 3s sho L Flogure 24 (Vi i id
encodes th V’IOE) prlt%?%‘{rf’r m%'g a‘i”%%?%%%%@ a(ags%%xgx\}\ée lfl%\ntlﬁ—'?g)u@g%&a%i i) the
nucl ei ¢ aci d engeglRsicd HEhSKHRreERI of MPV ¥¥att 804 1adr@900aslshown 39 Figuas26G loown i n

Figure 26; or (viii) the nucleic acid encodes the G protein of. MPV. isolate
00-1 or 99{Vii}s tthG\protein haFpiigass 79%, anyino agid seqeRsidentily [uthe aqn@Cihner ei n
the isolated nucgleic aci ri i;feﬁg I £ iheal U howilif Fighkd ngent
conditions with S?%ueenﬁ%%ﬁtgf:c é;rgfle%‘ of %ggoq;éébgq (&Ir%?guyso gt ed nl cleic acid of
7, wher ei n wHegeif bequehde ideitily issdefrmimedsiverliie BniiicdeatgtidefSthe aispedtiva protas.

nucl eoti des, at |east 40 nucl eotides, 18 nucl eotides, 19 nucl eotides, 20

22.  The isolated protein of 20, wherein
(D the N protein has the amino acid sequence of the N protein of MPV isolate 00-1

or 99-1 as shown in Figure 20;

(ii)  the P protein has the amino acid sequence of the P protein of MPV isolate 00-1 or

99-1 as shown in Figure 21;
(iii)  the M protein has the amino acid sequence of the M protein of MPYV isolate 00-1

or 99-1 as shown in Figure 22;
(iv)  the F protein has the amino acid sequence of the F protein of MPV isolate G0-1 or

99-1 as shown in Figure 23; _
(v)  the M2 protein has the amino acid sequence of the M2 protein of MPV isolate 00-

1 or 99-1 as shown in Figure 25;
(vi)  the L protein has the amino acid sequence of the L protein of MPV isolate 00-1 as

shown in Figure 28;
(vii) the SH protein has the amino acid sequence of the SH protein of MPV isolate 00-

1 or 99-1 as shown in Figure 26; or
(viii) the G protein has the amino acid sequence of the G protein of MPV isolate 00-1

or 99-1 as shown in Figure 27,

wherein sequence identity is determined over the entire length of the respective protein.

23.  An antibody, wherein the antibody binds specifically to:

i solate 00-1 or 99-1 |




nucl eoti des, 21 nucl eotides, 22 nucl eotides, 24 nucl eoti d&s Judy 2805

nucl eotides long. 9. An isolated nucleic acid, wherein the nucleic acid
conprises the nucleic acid of 5, 6, or2&jand a second nucleic acid, wherein
t he second nucleic acid encodes a protein of a paranyxovirus other than
mammal i an nmet apneunovifus. 10. A vector conprising the nucleic acid of any
one of 5, 6, 7, 8, or 9. 11. A host cell conprising the nucleic acid of
.5, 6, 7, 8, or 9, or the vector of 10. 12. An isol ated negative-sense

si ngl e stranded RNA net apneunovi rus, wherein the genonme of the virus
conprises the nucl eotide sequence of 5, 6, 7, 8, or 9. 13. An infectious
chimeric vi@us, ani¥peoteinthinehasht bansi 5% amiro miﬂrmqhmes ic(ea)itydp theasinotagisl

conti guous kil obase a| r t he VI uly 2005
269 (b) a sequerﬁ?gu P 6 ¥ apein oMP yasotate 00st x99t L&Y st 1EREms 2% virus,

wher ein t hegighi e porsth f4PnAQRTRalE% bl BRAPIERAHe Idftinb iNSarffobeid?, 3, 4

or 12, wherein one or nore of the open reading franes in the virus have

~been-replaced byseqience nbthe Squetcinpd MP¥E dstilaig 00 rlar@9flrasshown apWigre REY. 15,

Genome. of D adt Vit el B e e ind i Ssufockaleing R RE bRy BAF

genome of the Al%\!qtﬁl%\é@ofﬁ@@[' foﬁﬁﬂl@ﬁﬁﬂ’\biéotatbq)(ﬁnaf%Q%slﬁﬂﬁﬂmrlﬁgﬁhefm,fram?
from mamual i an MPV. 16. The virus of any one of 1, 2, 3, 4 or 12, wherein

the virus i@)a rasdopiteimhet kasat least 08 frinivg agidrsgquency iderpiify 19 the e agdy one

of 1, 2, 3, 4 or n_th I f uman
cell. 18. The wsf’ﬂt%eng?oﬁggh:c?ﬁom%fo\fm atEQBE’l r?gq fﬁﬁg&gﬁ?}‘l‘?%é@?n?us IS
capabl e of (wpf e(thMgpﬁ)telﬁﬁfﬁﬁﬁdlslaMbaﬁteﬁbd% afkno AN setetive Gdsnticy wahp amirid on,
wherein the | munogeni c conglosmlon conprises the virus of an e of 1,
2, 3, 4 or 12. 2610 saavansepbedhpictsn ol MEGRelals Chbordthl af hdtinhiges. (i)
an N protein w tyja, greater than 88% am no acid sequence identity to the
amno acid sequehce of the N protein of MPV isolate 00-1 or 99-1 as shown
in Figure (20); (anil)pmdtdih haoksianleastds%gamnioacid fequencd ideatiiyrto thcandinoegidence
identity to the am no acid
sequence of the L protein of MPV isolate 00-1 as shown in Figure 28;
(vii) an SH protein that has at least 75% amino acid sequence identity to the amino
acid sequence of the SH protein of MPV isolate 00-1 or 99-1 as shown in Figure
26; or
(viii) a G protein that has at least 75% amino acid sequence identity to the amino acid
sequence of the G protein of MPV isolate 00-1 or 99-1 as shown in Figure 27,

wherein sequence identity is determined over the entire length of the respective protein.

24.  An antibody, wherein the antibody binds specifically to:
(i) the N protein of MPV isolate 00-1 or 99-1 as shown in Figure 20;
(ii)  the P protein of MPV isolate 00-1 or 99-1 as shown in Figure 21;
(ili)  the M protein of MPV isolate 00-1 or 99-1 as shown in Figure 22;
(iv)  the F protein of MPV isolate 00-1 or 99-1 as shown in Figure 23;
) M2 protein of MPV isolate 00-1 or 99-1 as shown in Figure 25;
(vi)  the L protein of MPV isolate 00-1 as shown in Figure 28;
(vii) the SH protein of MPV isolate 00-1 or 99-1 as shown in Figure 26; or
(viii) the G protein of MPV isolate 00-1 or 99-1 as shown in Figure 27.




sequence of the P protein of MPV isolate 00-1 or 99-1 as shawayi 20H gure
21;.13 July 2005 26h L (iii) an Mpr gln with greater than 87% am no

aci d sequence identity to the amno acid sequence of the Mprotein of MPV
isolate 00-1 or 99-1 as shown in Figure 22; (iv) an F protein with greater
than 81% am no aci d sequence identity to the amno acid sequence of the F
protein of MPV isolate 00-1 or 99-1 as shown in Figure 23; (v) an M2-1
protein with greater than 84% anmi no acid sequence identity to the am no
acid sequence of the M2-1 protein of MPV isolate 00-1 or 99-1 as shown in
Figure 24; or (vi) an M2-2 protein with greater than 56% am no acid

sequengs. ldfmhd:thﬁ(d &fQetdi€in mumamdnaqmmcmfmmemw Rhpreot the metifodVPV
isolate 00-1 or 99-1 as shown in g}ure 25 (VII an L p otelg?vvlth

gr eat er thawmmaﬁ@ﬂﬁ@t@glﬂé?%&#ew% %Pé‘ﬁl’?d)yoft‘ } 0% 3(b OB MR MSEIY sequence
of the L pr%& 02 % |.sol ate 00-1 as shown in Figure 28; (viii) an SH
protein wt g g’t 'n 29% am no acid sequence identity to the am no
~aci d- seqUenCe of t he SH protein of MPV isolate 00-1 or 99-1 as shown in-

Fi gure (ix), a Gprotein with greater than_29% ami no aci d sequence
i dent | 129 toTh%eeﬁlﬁfi ﬁB &%uvdieree&mebogﬁomweeeaepbﬁeatwn&f nNpeiciasiat e 00- 1
or 99-1 as shown in Figure 27, wherein sequence identity is determ ned
over the entire length of the respective protein. 21. The isolated protein
of 20, zvmer@hmm(eth))dbﬁeZ.‘Nvmemmtheﬂmhoécompmss P@BY% ami no aci d sequence
identity to the amno acid sequence of the N protein of MPV isolate 00-1
or 99-1 as shown in Figure 20; (ii) the P protein has at |east 85% am no
aci d S@gluen@rfefneﬁeabfyzé%ﬁé}aneﬁmm@wwmm P protein of MPV
isolate 00-1 or 99-1 as shown in Figure 21; (iii) the Mprotein has at
| east 97% am no aC| d sequence identity to the am no acid sequence of the M

pr ot ei n. of I\/PV te, 00 n he F

pr ot ei f*-has™ f??’ yy@/reg}ﬁhﬁ d Hﬁ‘?‘?é”féﬁﬁ%ﬂﬁab}%‘gh %#?/&?g@%cﬁgm&rﬁ IFr?o aci d

qu uence of33 5&94 ﬂﬁaﬂh&hﬁh AegiviEdhsk SRigRS straf@edIRNA 3flis Ivittin geawb-familfi gur e
preumovirinae of the family Paramyxoviridae and identifiable as phylogenetically

corresponding to the genus Metapneunovirus.

30. A method for serologically diagnosing a MPV infection in a mammal, wherein said
method comprises detecting in a sample from the mammal the presence of an antibody
specifically directed against an MPV or component thereof by reacting said sample with

f11,2,3,4,12,0or 16 ora

portion thereof.,

31, A pharmaceutical composition, wherein the pharmaceutical composition comprises a
pharmaceutically acceptable carrier and one or more of the following:
(i) the isolated mammalian negative-sense single stranded RNA virus of 1,2,3,4,
12, or 16 or a portion thereof;
(ii) the nucleic acid of |5, 6, 7, or 9 or a fragment thereof;
(iii} the protein of 20, 21, or 22 or a fragment thereof; or
(iv) the antibody of : 23 or 24 of a fragment thereof.

32. A diagnostic kit for diagnosing an MPV infection comprising:




13 July 2005 26i (v) the M2 protein has at |east 90% am¥db Jadivd28@guence

identity to the amno acid sequence of the M2 protein of MPV isolate 00-1

or 99-1 as shown in Figure 25; (vi) the L protein has at |east 95% am no

acid sequence identity to the amno aggd sequence of the L protein of MPV
isolate 00-1 as-shown in Figure 28; (vii) the SH protein has at |east 75%

am no acid sequence identity to the am no acid sequence of the SH protein

of MPV isolate 00-1 or 99-1 as shown in Figure 26; or (viii) the G protein

has at | east 75% am no acid sequence identity to the am no acid sequence of

the G protein of MPV isolate 00-1 or 99-1 as shown in Figure 27, wherein

sequence i d@nthe isplatesl ementinmeecgative senstsingletsiramdadRNA viwg of Ae2,r3edpect i ve
protein. 22. Tgﬁci sg%ated IEirotei nfpf 20, wherein (i) the N protein has the
amino aci d sequelfe8 &7 OF HBONOPMRFA of MPV isolate 00-1 or 99-1 as shown

in Figure 2§y thé hicldiP8cid dprEes tfn,%nﬁ j id sequence of the P

protein of MPV isolate Oéi?lﬂtg’r?’rbégﬁaas S gl\/\ﬂ/ragrle%ﬁl:i gure 21; (iii) the M

—prot ei n - has(ibhthepnitpin dci® 24 copdZroa fofgmenethbtepfiatrei n of MPV isolate 00-1 - -
or 99-1 as 0 in FHqure,22: (iv) the F protein has the am no acid

sequence of(%%hggﬁngqoé{y%#nf%f’rm‘Téﬂﬁ"éff“éﬂl?gg% or 99-1 as shown in Figure

23; (v) the M2 protein has the am no acid sequence of the M2 protein of MPV
isolate.00- | or 99-1 as shown in Figure 25; %iémt he L protein has the

ani no ¥bi d Ar#abirdanynmalian negsfive-sinse ipglumivanded I A vis of 452, Kol i n

Fi gure 28; Il . ein S ! id seque of. t he SH '
protein of %ggpgtfogl%g{egégélruc%&af{%g 'g’@o%"aﬁ"ﬁ g‘ﬁg‘é‘e’%iﬁ“ c|"f’f(‘vi ii) the G
prot ei n hasprotein dEM2ORIa6H 22 sE4IHERAEN HMerddTCaradibBES bP2 Phr MY 4 SOl ate 00-1

or 99-1 as shown in Figure 27, erein seﬂuence identity is_determ ned over

the entire fraemgohthgreofinr aphapaecentical perapesitipn ofs3l fonyseptd Medigamefer ei n t he
anti body binds specifically to: 13 July 2005 26

T

34.  Use of an isolated mammalian negative-sense single stranded RNA virus of 1,2, 3,
4, 12, or 16 or a portion thereof; a nucleic acid of 5,6,7,0r90ra fragment there_of; |
a protein of 20, 21, or 22 or a fragment thereof; an antibody of 23 or 24 or a
fragment thereof; or a pharmaceutical composition of 31 for the manufacture of a -

medicament for treatment or prevention of a respiratory illness.

35.  Use of an isolated mammalian negative-sense single stranded RNA virus of 1,2, 3, )
~ 4,12, or 16 or a portion thereof; a nucleic acid of 5, 6, 7, or 9 or a fragment thereof;
a protein of 20, 21, or 22 or a fragment thereof; an antibody of 23 or 24 or a |
fragment thereof; or a pharmaceutical composition of 31 for the manufacture of a::

medicament for treatment or prevention of an avian disease.

36. A method for detecting a mammalian metapneumovirus in a sample, wherein the method
comprises:
(i) contacting a cell with the sample;
(ii) monitoring the cytopathic effect on the cell, if the cytopathic effect is similar to
the cytopathic effect of hRSV or hPIV, then
(iii) testing for the presence of PIV, influenza virus, and RSV,




(i) an N protein that has at |east 95% am no acid sequends iJdépt2@856to the
am no acid sequence of the N protein of MPV isolate 00-1 or 99-1 as shown
in Figure 20; (ii) a P protein that h&s$mat |east 85% am no acid sequence
identity to the am no acid sequence of the P protein of MPV isolate 00-1 or
99-1 as shown in Figure 21; (iii) an Mprotein that has at |east 97% am no
aci d sequence identity to the amno acid sequence of the Mprotein of MPV
isolate 00-1 or 99-1 as shown in Figure 22; (iv) an F protein that has at

| east 97% ami no aci d sequence identity to the amno acid sequence of the F
protein of MPV isolate 00-1 or 99-1 as shown in Figure 23; (v) an M

prot ei n t haghdi&s, i@PIV Safter2d YiraTeidR Vi e aetpresentini thiesenytls; them théie ani no
acid sequence of the M2 protein of MPVY isolate 00-1 or 99-1 as shown in
Figure 25; (vi)manmeligse@ppeumeytrugisdn the pERle 959 ami no aci d sequence
identity to the amno acid sequence of the L protein of MPV isolate 00-1
as sh Ty B : tedtib i) huffin ' t lefdbtdimaistrond a%uainpo aci d
---s-eqUe-(r??g--i- eﬂ%ﬁogg%tﬁémgrﬁhno ?E#tﬁfnggﬁgm%ﬁgf the SH protein of I\/gv S
i sol at e 00-viherein e rhethod stvapmises:n Figure 26; or (viii) a G protein that has
at |least 75%amno acid s t:]g’%ggie idepti ty to the amno acid sequence of
the G protddn ofcoRiCRERFelt WiBHCSamPIS9- 1 as shown in Figure 27, wherein
sequence i gt i tyioditorB8ioRd EidiRchiO¥®ict bh ehetdtlll Ifahé SnGidthiobifediés simslpewt i ve
protein. 24, An antibody, wherein the antibody binds specifically to: (i)
the N protein ofthéPxopathicaffect@dhRS¥rord®IY, henshown in Figure 20; (ii) the

P protein of..MPV isolate 00-1 or =1 as.s i NAaH ; idib)athe M
protein of By ileHingLer tgﬁprfsg*.cegggﬁw;gpg Ho@ﬁ&lﬁpgﬁ f&}ggr%@i h(PiIS/)tH[:e%]&é, F
protein of MV igeiatig@dzd vieds 9fc A aad ishenia vitludiypeBe 23; (v) M2 protein
of MPVisolate 00-1 or 99-1 as shown in Figure 25 (Vi \}he L protein of
MPV i sol at ewlggein, f5PEhewpe 1 PR e . Y type B)hRLYd ph!%ﬁt il ISP sol at e

00-1 or 99-1 as ,shown i.n &i , [l Sgg%q@iﬂ{é Ghe MBMad sol at e
00-1 or 99-1 as ‘&% nﬁﬁﬂe%%@@?ﬁe%%ﬁ@pﬁ%sﬁﬂﬁﬁ A rl}eteﬁod of
detecting a mamyéthpdtuiivapdgunthéisample n a sanpl e, wherein the net hod

conprises contacting the sanple with the anti body of, 23 or 24, or with a
nucl ei c

38. A method for detecting a mammalian metapneumovirus in a sample, wherein the method

comprises:

@ contactihg a cell with the sample;

(i)  monitoring the cytopathic effect on the cell, if the cytopathic effect is similar to
the cytopathic effect of BRSV or hPIV, then

(i) testing for the presence of Paramyxovirinae, hPIV type 1, hPIV type 2, hPIV type
3, hPIV type 4, sendai virus, simian virus type 5, New-Castle disease virus,
hRSV, morbilli virus, mumps virus, Nipah virus, Hendra virus, Tupaia virus and
Mapuera virus, '

wherein, if Paramyxovirinae, hPIV type 1, hPIV type 2, hPIV type 3, hPIV type 4, sendai
virus, simian virus type 5, New-Castle disease virus, hRSV, morbilli virus, |
mumps virus, Nipah virus, Hendra virus, Tupaia virus and Mapuera virus are not

present in the sample, then the mammalian metapneumovirus is in the sample.

39,  The method of 36, 37, or 38, wherein the cytopathic effect is characterized by !
syncytium formation and subsequent rapid internal disruption, followed by detachment of




acid of 5, 6, 7, or 8. 26. The nmethod of 25, wherein the 1getvhod z@mpri ses
anplification of nucleic acids. 27. The nethod of 25, wherein the nethod
conprises PCR 28. The nethod of 25, Wterein the manmalian MPV is a human
MPV. 29. A viral isolate, wherein the viral isolate is identifiable with a
met hod according to-- 25 as a manmal i an negati ve-sense single stranded RNA
virus within.the sub-famly pneunovirinae of the famly Paranyxoviri dae
and identifiable as phylogenetically  corresponding to the genus

Met apneunovirus. 30. A nethod for serologically diagnosing a MPV infection
in a manmal, wherein said nethod conprises detecting in a sanple fromthe
mammal t he phesdhfremcahe apnelaydrbody specifically directed against an MPV or
conponent thereof by reacting said sanple with the protein of any one of
20, 21, or 22 or a virus'of 1, 2, 3, 4, 12, or 16 or a portion thereof. 31.

A pharnnpeutnﬁﬁh 8B 3kt @hﬁ{ phar maceutical .conposition
conpri ses a pha?tﬁaceu?}gcjafeﬂaccgg lﬁﬂg&(i:ladrq?pr[aé’ﬁ@rﬁ’t%g“%)ﬁ padtlredf t he

-f-ol 1-ow ng (pa)isagb&aaﬁaobmamgn:hmﬁ]wmmmwe sense single stranded RNA - -

virus g or a portion thereof ii) the nucleic acid
of 5, 6‘Il 7, @r“@é‘ﬁ?d%f f%%aﬁﬁé’ﬁt%g’t Wasreigsthe Cé(lklsa)tm@llpa& Gncdi 0POASHL, or 22
or a fragnemkuthereof or (iv) the antibody of 23 or 24 of a fragnent
thereof. 32. A diagnostic kit for diagnosing an MPV infection conprising:
13 July 2005 261 (i) the isolated mammalian negative-sense single stranded
16 or a portion thereof; (ii) the nucleic

RNA
aci dVImE‘ﬁS Ot”‘% me}gdd%é%? %Fﬁgr XeeH saidh isstieg step gamprjses feegtingtei n of |, 20,

21, or 22 Olhudefcra%ﬂﬁ!ﬂFIVtRSV%H]or%ﬂueﬁkz?’%rﬁshe anti body of 23 or 24 or a
fragment thereof. 33. An |solated manmal | an negati ve- sense single stranded

RNA virus of . 1, 2, 3 4, 12, or 16 or a portion thereof; a nucleic
acid of4 5, nt .thereof; a praqtein of 20 21, or 22 or

f . a
a fragnent t ere([)lﬂjr ar‘ﬁ ebe(])lasg/mn%fesi‘%g BthﬁﬁmB'FseéanRTf'?gﬁr?ﬁ?ﬁY athe¥ eof : or a

pharnaceutlmmhganwp05|t|on of 131 for use as a nedicanent.

44.  The method of | 36 37, or 38, wherein said testing step comprlses detectmg a
protein of PIV, RSV and/or influenza virus.

45.  The method of 44, wherein said testing step comprises an immune fluorescence :

assay.

46.  The method of 36,37, or 38, wherein the cytopathic effect is identical to the
cytopathic effect of hRSV or hPIV.

47. The method of any one of 36 to 46, wherein the method further comprises the
method of | 25, 26, 28, or 30




34. Use of an isolated nmanmal i an negati ve-sense singl e stramgeg RNS virus
of 1, 2, 3, 4, 12, or 16 or a portion thereof; a nucleic acid of 5, 6, 7,
or 9 or a thereof; a protein of 20, 21, or 22 or_a fragnment

t her eof ; ‘&62%&5%%dy of 23 or 24 or a27fragnent t her eof ; JICTANL0270040
pharmaceutical conposition of 31 for tthe manufacture of a nedicanent for
treatment or preThativwentioh iafurtlsqr axalaied mlthadsmﬂeaiﬁﬁsdﬂgﬁicmﬂwﬁhodtﬂhhﬁhgd
manmal i an ne |ve sense single stranded RNA virus of 1, 2, 3, 4, 12, or
16 or a porf?@ﬁ ﬂereof a nucleic acid of 5, 6, 7, or 9 or a fragnent
thereof; a protein of 20, 21, or 22 or a fragnent thereof; an antibody of
23 or 24 or a fragnent thereof; or a pharmaceutical conposition of 31 for
t he manufacture of a nedicanent for treatnment or prevention of an avian
di sease. 36. A nethod for detecting a manmual i an netapneunovirus in a
sanpl e, wherein the method conprises: (i) contacting a cell with the
sanple; (ii) nonitoring the cytopathic effect on the cell, if the
~cyt-opathic effect is- sinmlar-tothe-cytopathic effect of hRS V or hPlV
then (iii) testing for the presence of PIV, influenza virus, and RSV, 13
July 2005 26m wherein, if PIV, influenza virus, and RSV are not present in
the sanple, then the mammlian netapneunovirus is in the sanple. 37. A
met hod for detecting a human netapneunovirus in a sanple obtained froma
human, wherein the nethod conprises: (i) contacting a cell with the
sanple; (ii) nonitoring the cytopathic effect on the cell, if the
cytopathic effect is simlar to the cytopathic effect of hRSV or hPIV, |
then (iii) testing for the presence of hPN type 1, hPIV type 2, hPIV type
3, hPIV type 4, hRSV, influenza virus type A and influenza virus type B,
wherein, if hPIV type 1, hPIV type 2, hPIV type 3, hPIV type 4, hRSV,
influenza virus type A and influenza virus type B are not present in the
sanpl e, then the human netapneunovirus is in the sanple. 38. A nethod for
detecting a nanmalian netapneunovirus in a sanple, wherein the method
conpri ses:




(i) contacting a cell with the sanple; (ii) nonitoring the3cytigpadhsc
effect on the cell, if the cytopathic effect is simlar to the cytopathic
ef fect of hPI V, then (iii) testlng for the presence of

Par arryxov@goesgg RPiv type 1, hPIV tyge 2, hPIV type 3, APFQIOYAU4,

sendai virus, siman virus type 5, New- Castle disease virus, hRSV,

morbilli vi Fi@zxeinm&s virus, N pah virus, Hendra virus, Tupai a virus and
Mapuera virus, wherein, if Paranyxovirinae, hPIV type 1, hPIV type 2, hPIV
type 3, hPIV type 4, sendai virus, siman virus type 5 New Castle disease

virus, hRSVFighes @Achmpwseyeabm meen%hgyﬁomaibaattuylaruéﬁweeﬁeﬁm lofnikih GAES,
Tupal a virus and Buera vVirus are not pr esent in th e sa e, t hen t he

manmal i an nEGAEH §9latps00-% and othies memisire of B8 Privvenavisidasd gtcegﬁageg?xl()ﬁ}
38, whergi nalt

formation ané3 S%QEE%’IP h&&%%&gé dgﬁﬁ&{'& g’ %t]? gﬁd% :R]Alﬁl?‘gﬁ,)ﬁ'é#%nts Rhent
of 13 July Bﬂiﬁﬁnd Bﬁlm) tfh@esmtﬂ nimbenstdsed darihk apetysed e dEbmhsmIt:ln@ﬂe of . 36,

37, -38, wherei.n the 2|l di splays the-cytopathic effect three passages -~
? ad ;g ﬁoéﬁsteﬁt Yhe” sanpl e.

after conta{?tEl eftbal?ﬁ 41. The method of 36, 37, or 38,
wherein the cell is atMcell, a VERO cell or a A549 cell. 42. The net hod

of 36, 37, Qr 38, wherein said testing steg{P onprises detecting a nucleic
acid of Pl \FieRdtcomppise tahlel % Seoarepalense of P Virebwasnbehtegorised Lmeﬁ Ervrsai d

Lest LAt Cbifg MRS ERuAR T L @ﬁﬁ@)ﬁe&@ahga forSddshfigency. 44. The met hod

of 36, 37 wherein said testin conprlses detecting a protein
of PIV, RSV and/or |nfluenza Vi rus. 45 The net hod of 44, wherein said

testing st c ' rescence Y. 46. .The net ho
36, 37 or OB PURbPBRNCaRRRotApar Al BRGRrone of SERAR e ftntt Apd B S
cytopat hl c thbffegimaits bRAVnal whl?RAP PTR sERTHCT0 6o 9frud 6128 @0, FXdinéits 46,
wher ei n the net hod fyrther conprises the nethod of, 25, 26, 28, or 30
1 to 10 were obtained using RAP-PCR. Fragment A was obtained with a primer in
15  RAP-PCR fragment 1 and 2 and a primer designed based on alignment of leader and
trailer sequences of APV and RSVS, Fragment B was obtained using primers designed
in RAP-PCR fragment 1 and 2 and RAP-PCR fragment 3. Fragment C was obtained

with primers designed in RAP-PCR fragment 3 and RAP-PCR fragment 4,5,6 and 7.

20 For all phylogenetic trees, (figures 3-5) DNA sequences were aligned using the
ClustalW software package and maximum likelihood trees were generated using the
DNA-ML software package of the Phylip 3.5 program using 100 bootstraps and 3
jumbles?s, Previously published sequences that were used for the generation of
phylogenetic trees are available from (Jenbank under accessions numbers : For all

25  ORFs: hRSV: NC001781; bRSV: NC001989; For the FF ORF: PVM, D11128; APV-A,
D00850; APV-B, Y14292; APV-C, AF 187152; For the N ORF: PVM, D10331; APV-A,
U39295; APV-B, U39296; APV-C, AF176590; For the M ORF: PMV,U66893; APV-A,
Xb58639; APV-B, U37586; APV-C, AF262571; For the P ORF: PVM, 09649; APV-A,
U22110, APV-C, AF176591. Phylogenetic analyses for the nine different virus isolates

30 of MPV were performed with APV strain C as oubgroup.

Abbreviations used in figures: hRSV: human RSV: bRSV: bovine RSV; PVM:
pneumonia virus of mice; APV-A,B,and C: avian pneumovirus typa A, B and C.
Fig. 3 Comparison of the N, P, M and F ORF’s of members of the subfamily

Pneumovirinae and virus isolate 00-1. The alignment shows the amino acid sequence



13 July 2005 WO 02/057302 PCT/ NLO2/ 00040 27 The inventixmn Judyfaather
explained in the detailed description without limting it thereto. 13 July
2005 WD 02/057302 PCT/ NLO2/ 00040 28 Figure |egends Figure | A conprises
table 1: PEPIRTMe honol ogy found between the anino aci d PCTAHQYPRILO of

i solate 00-1 and ot her nenbers of the2Pneunovirinae. Percentages (x100) 5

are given fgmng BemaRtdR ?9%@@%@&%% eﬂfﬁi J%ﬁa ngofﬁfm%%é‘iﬁ’qe%@ﬁ.

fragments in L (8 and 9/10). Accession ers e or nal yses are
descri bed i4minneacids idait differdwtwenst soldée 8@dtandrihe Bthpr Mrusosprd dewn abl e 2:

Ser opr eval -0f MRV iLnhumans cat ised by age grou 0.usi.n

Crmnof | aor anudh sl bfal SRR EOREARN PSR el on Y rBpReodiPa 4R Hathep,

r epr esent atiNamberfs do@speibteafnoAldM pésitionsia the padtbinR. AbsSibd auaiberd diRd
fragnent.s %pt ined with RAP-PCR._and RT-PCR.on virus jisolate Q0-1. Fragnents
o0 S et Bist aliASS et AgScryRpd SeRho PRIRGIIA o HRRBOAPR M ARY-th Pt L ot

in 15 RAP- PXRah Pe@iRiVirks 85k £ BBF CapRk hREV: d6wing 8¢ ﬂu%ﬁ%smaﬁb{' gﬁmggigél of

~teader and trailer sequences of APV and RSV6. Fragment B was o
usi ng pri mefsusy BYMjrrgunioniRepupcmiceahfeinrenentrfioltatned vANPRACRP €RAcpatadt 3.

Fragment C; i i I ers. . desi gned in S a nt +3 and
RAP-PCR f 1 A rﬁ%ﬁ 5%%3?1# Y uBEh RS 2 0 Hbkan SN B AT g?g i@ L 55
DNA sequendis the Peallibnmast] nesAP B deguekdelisaiviilablet fivarn &hp @ekalymla iidr tlexi mum
| i kel i hgod trees were t Si DNA- ML sof t package of the
PhyIipq§.5:%?ﬁﬁWEW?ﬁgFﬁéﬁ%%g}ﬁggy§P$%ﬁéhgﬁﬁm§ﬂmfﬁﬁﬁp%§$ﬁkﬁkéviously
publ i shed sequences that were used for the generation of phylogenetic
~trees are avail able from Genbank under accessions nunbers : For all 25

ORFs: hRSV:-FigchFipdoeenpisenaliesofdbo N, PoM, nd FORBE of mnavnbeys pf P senmy- A

(89205, Ape 5 iBEEaE adififite iRlaE 3T Priheldt el Wit iE o
X58639; AP\euodBT 686y thaffllGinkfi2625 Fl (pafiel A), Be(pBneRE), WPdneDBR40d FAPV- A,

15 (panel D). The phylogenetic trees are based on maximum likelyhood analyses using

100 bootstraps and 3 jumbles. The scale representing the number of nucleotide

changes is shown for each tree.

Fig. 5: Phylogenetic relationship for parts of the F (panel A), N (panel B), M (pane! C) -
20  and L (panel D) ORFs of nine of the primary MPV isolates with APV-C, it’s closest
relative genetically. The phylogenetic trees are based on maximum likelyhood
analyses. The scale representing the number of nucleotide changes is shown for each
tree. Accesion numbers for APV-C: panel A: D00850; panel B: 1/39295; panel C:
X58639; and panel D: U65312. |
25 '
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representing the nunber of nucleotide changes is shown for each tree. Fig.
5: Phyl ogermigife Tel ati onship for parts of the F (panel A), N (panel B), M
(panel C) 20 and L (panel D) ORFs of nine of the primary MPV isolates with
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the primary G ORF (nt 6262-6972) and overlapping potential secondary ORFs.

Figure 8:

20 Alignment of the predicted amino acid sequence of the nucleoprotein of MPV with those
of other pneumoviruses. The conserved regions identified by Barr (1991) are represented
by boxes and labelled A, B, and C. The conserved region among pneumoviruses (Li, 1996)
is shown gray shaded. Gaps are represented by dashes, periods indicate the positions of
identical amino acid residues compared to MPV.

25
Figure 9:
Amino acid sequence comparison of the phosphoprotein of MPV with those of other
pneumoviruses. The region of high similarity (Ling, 1995) is boxed, and the glutamate
rich region is grey shaded. Gaps are represented by dashes and periods indicate the

30  position of identical amino acid residues compared to MPV.



13 July 2005 WO 02/057302 PCT/ NLO2/00040 30 Fig. 6A: Nut3entliiydéeoamnd am no
acid sequence information fromthe 3" end of the genone of MPV isolate

00- 1. ORF r Lven. N. ORF for nucleoprotein; P. ORF for hosphopr ot ei n;
M ORF fosvﬁgﬁ?ﬁ%mprot ein; F: ORF for fusion protein; GE & ﬂ‘éwéﬁﬂ‘?“% GS:
gene start. 5 Fig. 6B and C Nucl eoti #¢ and anino acid sequence i nformation
from obt ai nEwgurgdfignents i n the pol ynerase gene (L) of MV isol ates 00-1.

Positioning~f the f ts jn L is.pased on ot ei.n_honol ogi Wi .

AV C( acca S om o Y Tkl fuino i BEREGREF PSR REoB AP VAR these
| ocated at afiother paéwintfinge. Bhd dnidived hexapéhtidete pnse Bdssor 19T RRAE S 9
and 10 (Fig., 60). is |ocated at i n cid _nunber 1358 to 1464 of the APV-C
L ORF. Fi guPRrdedctnppate Wé’ﬁe%?rlt% Jasbpsped pemads mdisan e aseitie o idanticghs

of the starbn,gndla8l ePsigQ80RMtivE, 8By Ndi cat ed under each ORF.. The double
| ines which cross the L ORF indicate the shortened representation of the L

gene. The three reading franmes below the map indicate the primary G ORF

(Nt -6262-—-69-%@%_ over | appi ng potential secondary ORFs. Figure 8: 20
Alignment o € predicted am no acid sequence of the nucleoprotein of MPV

wi th those Afligrohdrarof pinepreduitediatino st sapieacs sfathe Tagb® protbRaTNIPV ediibvhose

Barr (1991) are represented boxes and, | abelled A B, C.. The
conserved r %"S‘?tg‘ﬁr B O‘ﬁﬁ‘éﬁ?ﬁﬁa{ercﬁ@%"_sr"?‘if"ﬁtﬁl@g 6?51311%3_ %lﬁg\%ea‘g S\ﬁy?g%d_ed. Gaps
ar e represeplysshydticios it re ﬂﬁ?ﬁ,ﬂ%‘%‘%}' t'ﬁg lofel Bod d18 HOF0 {sl BBl ndel e @ usion

am no acid resi dues conpared 5 Figure 9: Amno acid sequence
conpari son B¢piidee sighebpeididecing membrave\anghehdamhwiseare fshowhgrey dovapames.

e 725 1 B P 30 0 B O S T
indicate thw MPY.position of identical am no acid residues conpared to MPV.
13 July 2005
15 Figure 12
Comparison of amino acid sequence of the M2 ORF's of MPV with those of other
pneumoviruses. The alignment of M2-1 ORF's is shown in panel A, with the conserved
amino terminus (Collins, 1990; Zamora, 1999) shown grey shaded. The three conserved
cysteine residues are printed bold face and indicated by #. The alignment of M2-2 ORFs
20  is shown in panel B. Gaps are represented by dashes and periods indicate the position of

identical amino acids relative to MPV.

Figure 13
Amino acid sequence analyses of the SH ORF of MPV. (A) Amino acid sequence of the SH
25 ORFof MPV, with the serine and threonine residues grey shaded, cysteine residues in
bold face and the hydrophobic region double underlined. Potential N- linked
glycosylation sites are single underlined. Numbers indicate the positions of the basic
amino acids flanking the hydrophobic domain.(B) Alignment of the hydrophobicity plots
of the SH proteins of MPV, APV-A and hRSV-B. The procedure of Kyte and Doolittle
30 (1982} was used with a window of 17 amino acids. Arrows indicate a strong hydrophobic

domain, Positions within the ORF are given on the X-axis.



WO 021057302 PCT/ NLO2/ 00040 31 Figure 10: Conparison of theluwlgddtéed am no
aci d sequence of the matrix protein of MPV with those of other
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T0 ol yoosy A Salensrmigs of et AR oHIEY, BLAER AT soehts offimi
under | i ned, ORR&f MISV,Gfith REMd, BRreoBindtAld R6RAS ARiIARE ABEH-ATRE, ARGHMiddONRI N
are shown grey shaded. Gaps are _represented bg dashes and _periods indicate
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pneumoy r ussao R ptesfitith SEEHED STt uhNEs 1) BunliRY ot Rl
conserved pofisof theGrirotesns(EMPV AP VD80 hREVeB dThd 9@9ydwk ofytr ayd Bbelitéld.

~The three copsgerved cysteine resi s are printed bol.d fage ,and i.ndicated
byt The ARPERMEAR Ues AL Repdl ot P e Bts. A Ruisat b e iibic

r epr esent edrebpndashpssitidt Wehinalis ORE headiQeh BEtHROBIakispn of identical am no
acids relative to MPV. Figure 13 Am no acid sequence anal yses of the SH ORF
of MPV. (A) Am no acid sequence of the SH 25 ORFof MPV, with the serine
and t hfgonigg kel dues grey shaded, cysteine residues in bold face and the
hydr ophobi ¢ Fegi on doubl e underlined. Potential N |inked glycosylation
sites are Sromparisondéthd ametho ddidipsusniasdif eabrsdried gosiin ditbe pblymeeadeaene of

am no acid anki t he hydrophobi.¢ domain. ( Al nt _of the

nyclr ophobi Y s SiFeihe b RRISE o A ie\qBbotsdf TR boy® hedslfipd 11
procedur e ghblyfyirasamadtiBo@), B O, ®) 30 dexh a2l Rhu9e8, 1999hbaxad. ndow of 17

am no acids, Arrows indicate_a _strong hydrophobic domain._ Positions wthin

h . :
the ORF ar SapsvenreRvetanteddn dpshes pad neripdomsicatewhopomBesedidertisalpgunonddo
15  residues relative to MPV. hPIV3: human parainfluenza virus type 3; SV: sendai virus;

hPIV-2: human parainfluenza virus type 2; NDV: New castle disease virus; MV: measles

virus;; nipah: Nipah virus.

Figure 16:

20  Phylogenetic analyses of the M2-1 and L ORFs of MPV and selected paramyxoviruses.
The M2-1 ORF was aligned with the M2-1 ORFs of other members of the genus
Preumovirinae (A) and the L, ORF was aligned with L. ORFs members of the genus
prieumovirinae and selected other paramyxoviruses as described in the legends of figure
15 (B). Phylogenetic trees were generated by maximum likelihood analyses using 100

25  bootstraps and 3 jumbles. The scale representing the number of nucleotide changes is
shown for each tree. Numbers in the trees represent bootstrap values based on the

consensus trees.

Figure 17:

30  Noncoding sequences of hMPV isolate 00-1. (A) The noncoding sequences between the
ORF's and at the genomic termini are shown in the positivé sense. From left to right,
stop codons of indicated ORF's are shown, followed by the noncoding sequences, the
gene start signals and start codons of the indicated subsequent ORFs. Numbers

indicate the first position of start and stop codons in the hMPV map. Sequences that
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Figure 20:

Amino acid alignment of the nucleoprotein of two prototype hMPV isolates
20

Figure 21:
Amino acid alignment of the phosphoprotein of two prototype hMPV isolates

Figure 22:
25 Amino acid alignment of the matrix protein of two prototype hMPV isolates

Figure 23:
“Amino acid alignment of the fusion protein of two prototype hMPYV isolates

30 TFigure 24: .
Amino acid alignment of the M2-1 protein of two prototype hMPV isolates

Figure 25:
Amino acid alignment of the M2-2 protein of two prototype hMPYV isolates
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publ i shed gene end signals are underlined and sequences that display

simlarit &@ﬁﬁAAU/A/C are represented with a |ine abo €e_seguence.
(B) Nucle§¥¢§% d¥Guences of the genoni,c termini of hMPV. %ﬁg%ﬁ@ﬁ%%g%
termni of hMPV are aligned wth each other and with those of APV.
Underlined regions 5 represent the priner sequences used in RT-PCR assays

whi ch are bﬁfedeg€ the 3 and 5 end sequences of APV and RSV (Randhawa et
al ., 1997; MHK°&Y at., 1991). Bold italicalized nucleotides are part of

the gene stAniinshgialighinehhef bhaates hidoph@adSloteihlof twd padth®pe hMPFi gure
18: Conparison . of two prototypic hMPV isolates with APV-A and APV-C, DNA
simlarity *f#%5 ces for nucleic acids encoding the various viral proteins.
Figure 19: 15 Conparison of two prototypic bMPV isolates with APV-A and
APV-C; protein simlarity matrices for the various viral proteins. Figure
20: Ami no aFiggreBf:gnnent of the nucl eoprotein of two prototype hMPVisol at es

D0 i g-ur-e---2 -, i ird-alignnment of th hosphopr ot ei n- of t tot-ype'--

hMVPV i sol ates .@@#%géﬁﬁnégpﬁﬁfﬂ%ﬁ%@ﬁﬁngsﬁgwﬂﬁﬂ?gaf ?@Fﬁhﬁ?? rotein of
two prot ot yjpelabdd’V i sol ates Figure 23: Amino acid alignnent of the fusion
protein of two prototype hMPV isolates 30 Figure 24: Amno acid alignnent
of the M2-1 protein of two prototype hMPV isolates Figure 25: Amino acid
al i gnnmarg  ofjgubgod- 2 protein of two prototype hMPV isolates 13 July 2005

WO 02/ 057302 PCT/ NLO2/ 00040 :
o acid alignment of the N-terminus of the polymerase protein of two prototype

hMPV isolates

Figure 29: Results of RT-PCR assays on throat and nose swabs of 12 guinea pigs
15  inoculated with ned/00/01 and/or ned/99/01. '

Figgre 30A: IgG response against ned/00/01 and ned/99/01 for guinea pigs infected

with ned/00/01 and re-infected with ned/00/01 (GP 4, 5 and 6) or ned/99/01 (GP 1 and

3). |
20

Figure 30B: IgG response against ned/00/01 and ned/99/01 for guinea pigs infected

with ned/99/01 and re-infected with either ned/00/01, (GP's 8 and 9) or with ned/99/01

(GP's 10, 11, 12).

. 25 Figure 31: Specificity of the ned/00/01 and ned/99/01 ELISA on sera taken from
guinea pigs infected with either ned/00/01 or ned/99/01.

Figure 32: Mean IgG response against ned/00/01 and ned/99/01 ELISA of 3
homologous (00-1/00-1), 2 homologous (99-1/99-1), 2 heterologous (99-1/00-1) and 2

30 heterologous (00-1/99-1) infected guinea pigs.

Figure 33: Mean percentage of APV inhibition of hMPV infected guinea pigs.




34 Figure 26: Amino acid alignment of the short hydrophobilé Priot €0ASof two
prototype hMPV isolates 5 Figure 27 Amno acid alignnment of the

att achene rotein of two prototype hMPV isolates 10 _Fi 8:

Am no aci y%%/%sﬁgrr’gnt of the N-term nus_of the polynerase #Faﬁlrgwog(f“%tm
prototype hMV isolates Figure 29: RSSul ts of RT-PCR assays on throat and
nose swabs Bigui® 3gWineanpiigslisation ititesidfale@Move 1t 4h dest/O06 Dinfeded gﬁinea igs
ned/ 99/ 01. Fi qure A Ingjegjoonse aYg i nst ned/ 00/ 01 and ned/99/01 for

gui nea pi gs2§AREAedPOQS R sedoY re-infected with ned/ 00/ 01 (GP 4,
5 and 6) or ned/99/01 (GP 1 and 3). 20 Figure 30B: 1gG response agai nst
ned/ 00/ 01 and ned/ 99/01 for guinea pigs infected wth ned/99/01 and

re- i nf ect edfigorh3%iRasutts 96 BTORER 2s¢agp'on thraatdwals of cywiotiolgoad m@@agdes (GP' s
10, 11, £2), .g(’t:'RE : infd«ci ty of the ned/00/01 and ned/ 99/01 ELI SA
on sera5t1ak%1r? r%lr% gwﬁ%"g}hgl%ggdo{dn ected with either ned/00/01 or

ned/ 99/01. Figure 32: Mean |1gG response agai nst ned/ 00/ 01 and ned/ 99/ 01

het er ol ogo@lg%ég%ﬁéw%m}’%g' 30 heterol ogous (00-1/99-1) infected guinea

pigs. Fi gur@ﬁé@gml\@ﬂ%g%@ﬁ@ﬁseg afdst ﬁE&/OO/OT'OPBE&%&BgMPIXaéag{ gcted guinea
pigs. 13 July 2005 WD 02/057302 PCT/ NLO2/ 00040 35 Figure 34: Virus
neut r al i sat {®¥nfested mathyped/P¥8200/ 01 and ned/ 99/ 01 i nfected gui nea pigs
agai nstyned/ 00/ 01, ned/99/01 and APV-C. Figure 35: Results of RT-PCR assays
on throat swabs of cynonol gous macaques

Figure 36B (bottom panels)

IgG response against APV of 2 cynbomologous macagues infected with ned/00/01.

Figure 37: Comparison of the use of the htMPV ELISA and the APV inhibition ELISA

15  for the detection of Ig( antibodies in human sera.

20



5 inoculated (twice) with ned/00/01. Figure 36 A (top twolpahediysp003gA |gM
and 1 gG response agai nst ned/ 00/ 01 of 2 cynonol ogous nmacaques (re)infected

wi th ned/ Figure 36B (bottom panels) 1gG response agai nst APV of 2
cynbonol og%gz'll??giogques infected with ned/00/01. Figure 37 1&%3‘29?9 8on of

the use of the hMPV ELI SA and the APV I nhi bition ELISA 15 for the

det ecti on oDetxgledadesériygitives i n human sera. 20 13 July 2005 WO 02/ 057302
PCT/ NLO2/ 00040 36 Detailed description Virus isolation and
characterisation From 1980 till 2000 we found 28 unidentified virus

| sol at es frvmupagoil(gmrﬁamg;mmgteﬁefy@@e respiratory disease. These 28
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~tMK -0or--ot-he uItu tiumformti.on after -
whi ch t he c @%8&8 93’6 h?\’%[aﬁ f’ﬁa %q‘i@p oﬁig&?‘ 39 BBl terdngusitent

of the cel | €PErafior thece F2R0 Y 0h tME Elle bbttveed g tby ah GBLdHEThe TPH Was

di spl ayed CPEq%er t hree assages of virus fromoriginal material, at day

10 to 14 poStt éﬁ@é’?P&‘ﬁ‘s apripEmthat sputed ivRIYEr BETY éu tMK enaiber cali r uses
such ag hRYiffred) Rh¥rackeriddl H4SEHcdtien THRELRA FBSwikn ke g(ﬁlf P*%o%rrg gl s for

EM anal'ysis which reveal ed thé presence of paramyxovirus
particles r!@ﬁ@qnﬁb&ﬁr@ﬁ%@ﬂ@e@m detiaciomattef thariells fadrothe sronelappe The cells

proj ections Consij st e

bi ocheni cal ug pr oge&%} tlme env@fsgpaeyc? rr ugégr gﬁ@ﬁpﬁgsatg gf‘ﬁﬁ?%ﬁwmgﬂﬂae,
standard ¢ hlnateﬁa\d) ram dxy m toeid gosbaicrBhilt®n] esdwied 1hter YA CPE (280e®By other
reducti on of, i nfect.vi Lﬁs or .t ceI |s. Virus-infected tMK cell culture

super nat ant Gruses such as or hP
15 We used the supernatants of infected tMK cells for EM analysis which

revealed the presence of paramyxovirus-like virus particles ranging from 150 to 600
nanometer, with short envelope projections ranging from 13 to 17 nanaometer.
Consistent with the biochemical properties of enveloped viruses such as the
Paramyxoviridae, standard chloroform or ether treatment? resulted in >10¢ TCID50

20  reduction of infectivity for tMK cells. Virus-infected tMK cell culture supernatants
did not display heamagglutinating activity with turkey, chicken and guinea pig
erythrocytes. During culture, the virus replication appeared to be trypsine dependent
on the cells tested. These combined virological data allowed that the newly identified
virus was taxonomically classified as a member of the Paramyxoviridoe family.

25 We isolated RNA from tMK cells infected with 15 of the unidentified virus
isolates for reverse transcription and polymerase chain reaction (RT-PCR) analyses
using primer-sets specific for Paramyxouvirinae®, hPIV 1-4, sendai virus, simian virus
type 5, New-Castle disease virus, hRSV, morbilli, mumps, Nipah, Hendra, Tupaia
and Mapuera viruses. RT-PCR assays were carried out at low stringency in order to

30  detect potentially related viruses and RNA isolated from homologous virus stocks
were used as controls. Whereas the available controls reac'ted positive with the
respective virus-specific primers, the newly identified virus isolates did not react with

any primer sei, indicating the virus was not closely related to the viruses tested.
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cont oL AR, LSBT e bR BT s e 1
isolated from the fraction containing approximately 5§0% sucrose, in which
nucleocapsids were observed. Equivalent amounts of RNA isolated from both virus
20  fractions were used for RAP-PCR, after which samples were run side by side on a 3%
| NuSieve agarose gel. Twenty differentially displayed bands specific for the
unidentified virus were subsequently purified from the gel, cloned in plasmid pCR2.1
(Invitrogen) and sequenced with vector-specific primers. When we used these
sequences to search for homologies against sequences in the Genbank database using
25  the BLAST software (www.ncbi.nlm.nih.gov/BLAST/) 10 out of 20 fragments
-displayed resemblance to APV/TRTV sequences.
These 10 fragments were located in the genes coding for the nucleoprotein (N;
fragment 1 and 2), the matrix protein (M; fragment 3), the fusion protein (F;
fragment 4, 5, 6, 7,) and the polymerase protein (L; fragment 8,9,10) (Fig.2). We next
30  designed PCR primers to complete the sequence information for the 3' end of the viral
genome based on our RAP PCR fragments as well as publiéhed leader and trailer
sequences for the Pneumovirinae 8. Three fragments were amplified, of which
fragment A spanned the extreme 3' end of the N open reading frame (ORF), fragment
B spanned the phosphoprotein (P) ORF and fragment C closed the gap between the M
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am no acid showed an average of 44% with pneumoviruses and 64% with APV-C.

20  Phylogeny
Although BLAST searches using nucleotide sequences obtained from the
unidentified virus isolate revealed homologies primarily with members of the
Pneumovirinae, homologies based on protein sequences revealed some resemblance
with other paramyxoviruses as well (data not shown). As an indication for the
25  relation between the newly identified virus isolate and members of the
Preumovirinae, phylogenetic trees were constructed based on the N, P, M and F
ORF's of these viruses. In all four phylogenetic trees, the newly identified virus
isolate was most closely related to APV (Fig.4). From the four serotypes of APV that
have been described!, APV serotype C, the metapneumovirus found primarily in
| 30  birds in the USA, showed the closest resemblance to the newly identified virus. It
should be noted however, that only partial sequence in.forn;ation for APV serotype D
is available,
To determine the relationship of our various newly identified virus isolates, we

constructed phylogenetic trees based on sequence information obtained from eight to
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can be divi ﬂﬁgdﬁ@cgm We?eugﬁted\ﬂyt‘m iaggalty‘?‘%%r 51 (91%) of the samples the results of

the VN assay (titre >8) coincided with the results obtained with indirect IFA
(titre>32). Four samples that were found positive in IFA, were negative by VN test

20 (titre <8) whereas one serum reacted negative in IFA (titre<32) and positive in the
VN test (titre 16) (table 2).
IFA conducted with 72 sera taken from humans in 1958 (ages ranging from 8-99
years)1%% revealed a 100% seroprevalence, indicating the virus has been circulating in
the human population for more than 40 years. In addition a number of these sera

25  were used in VN assays to confirm the IFA data (table 2).

Genetic analyses of the N, M, P and F genes revealed that MPV has higher sequence
homology to the recently proposed genus Metapneumovirinae (average of 63 %) as
compared to the genus Prneumovirinae (average of 30 %) and thus demonstrates a

30  genomic organisation similar to and resembling that of APV/TRTV. In contrast to the
genomic organisation of the RSVs ('3-NS1-NS2-N. -P-M—SH:G-F—Mz-L-E»'),
metapneumoviruses lack NS1 and NS2 genes and have a different positioning of the
genes between M and L ('3-N-P-M-F-M2-SH-G-1-5"). The lack of ORFs between the M
and F genes in our virus isolates and the lack of NS1 and NS2 adjacent to to N, and
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economical impact of MPV may be high. New diagnostic assays based on virus
detection and serology will allow a more detailed analysis of the incidence and clinical
and economical impact of this viral pathogen.

- 20 The slight differences between the IFA and VN results (5 samples) maybe due to the
fact that in the IFA only IgG serum antibodies were detected whereas the VN assay
detects both classes and sub-classes of antibodies or differences may be due to the
differences in sensitivity between both assays. For IFA a cut off value of 16 is used,
whereas for VN a cut off value of 8 is used.

- 25 Onthe other hand, differences between IFA versus VN assay may also indicate
possible differences between different serotypes of this newly identified virus. Since
MPV seems most closely related to APV, we speculate that the human virus may
have originated from birds. Analysis of serum samples taken from humans in 1958
revealed that MPV has beén widespread in the human population for more then 40

30  years indicating that a tentative zoonosis event must have taken place long before
1958.
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cases the aetiological agent could be identified, some specimens were negative for all

these viruses tested.

20
Direct Immunofluorescence Assay (DIF)

Nasopharyngeal aspirate samples from patients suffering from RTI were used for
DIF and virus isolation as described15. Samples were stored at -70 °C. In brief,
nasopharyngeal aspirates were diluted with 5 mi Dulbecco MEM (BioWhittaker,

25  Walkersville, MD) and thoroughly mixed on a vortex mixer for one minute, The
suspension was thus centrifuged for ten minutes at 840 x g. The sediment was spread
on a multispot slide (Nutacon, Leimuiden, The Netherlands), the supernatant was '
used for virus isolation. After drying, the cells were fixed in aceton for 1 minute at
room temperature. After washing the slides were incubated for 15 minutes at 37 °C

30  with commercial available FITC-labelled virus specific ani'i—sera such as influenza A
and B, hRSV and hPIV 1to 3 (Dako, Glostrup, Denmark). After three washings in
PBS and one in tap water, the slides were included in a glycerol/PBS solution
(Citifluor, UKC, Canterbury, UK) and covered. The slides were analysed using a

Axjoscop fluorescence microscope (Carl Zeiss B.V, Weesp, the Netherlands.



Speci men col l ection 5 Over the past decades our | aboratory3 hagycgPPect ed
nasopharyngeal aspirates from children suffering fromRTI, which are

routinely or the presence of viruses. Al nasophar e pirates
wer e testg&ﬁﬁ%&g?@ect I rmmrunof | uor escgpce assays (DIF) ug’icry]r'a‘g'fong%&zscence
| abel | ed anti bodi es agai nst influenza virus types A, and B, hRSV and human
parai nfl uenza virus (hPIV) types 1 to 3. The nasopharyngeal 10 aspirates

were also p cess?dt.for virus isolation using rapid shell vial techniques'4
on various "EEIFYHEE i ncl uding VERO cell's, tertiary cynonol gous nmonkey

ki dney (tM Bor eiehé SolatioRaMIe 0sin! REVIE Bilihi@n( FEb Negld s da) e Abdllivied At B4

ki dney (MDCE)_ cells. Sanples show ng cyto(fﬁhat ic effects (CPE) after two to
t hree” passay&y platsy copirinne glapeslifes Abpsiar. Gropmidge dHp, witbitea mdinmdi r ect

I munof l4ior FRD ' g %ir%%% AT i | I nst

I nfl uenzsajt v??%?gtg %g? A Eiéggﬁk%%%%\%%%s% an %lfél, (%?reas t%%g%/’?‘?eﬁgig il’rru nps
vi rus, hunaBelgatmal. defare nzecwldtionshe plite§ weypwasiied: with PBSeantiaippliedwdth si mi an

net o1 oo oo B AR AT ST PR, Cobtetnetd OO A SR i RRTS (o
all these wigpleasniesticid0.22GrbnTeHICORN0I02S Miblpss@iewhibadey), ¢ RI)L-

Nasophar yngeal aspi rat elgsa les frompatients suffering fromRTlI were used
for D F an8WpHe Brhttiaben o L0Guats peuciiiine; 500 g sireatomgeine Ergyrlaiiaker). 70

C. In brg ef 9.5 Ras0pbRbieRe!(SRARLARLRE, MFHSueehy 18l Wthdrandd), DYLRERER MEM
(Bi owhi ttaker, 25 Wal kersville, MD) and thorou%hl y mxed on a vortex m xer
for one mi ngiueoseiercls fupeinrdan TheNethedaneésit §.0fengudebbmet (Broid, Alaademmat 840
X g. The segi ; - t 1.8l ( acon eiui den, The
Net her | ande) 2 KA SREASPAREE 0o Rt SrBRy iR SRR MO U b
the cells wees ihnbxddtedrwith etypernhigint df themidsephdrynsedimspiRaadaaiplés; 0,240 per

washing the slides were jncubated for 15 mnutes ,at 37 C 30 wi.th comrerci al
avai | abl e FFORIR BRelGRe folloved ppeaiaifiging 4% 3408 e fog genhawr et draspiatien and
B, hRSY sandiaRii1Mied wieRe $hduBalcd at G708t HHR ma&fx‘ﬁﬁﬁ{gﬁm ﬁfs@:‘haﬁéﬁﬁg%ﬁv‘%mﬂﬂs In

PBS and one in tap water, the slides were included in a glycerol/PBS
sol ution (@eiF verk and rdtureamers theehed dndy fon €86 Vdtard 4 dpive celld Wexs wer e

analysen USididodh syt 'iA3 39‘5"’8&"%&% GRAGE ot d LPF IR, ThA dief Wad ReRhted 5P

the third passage. The glass slides were used toc demonstrate the présence of the
virus by indirect IFA as described below.
20
Animal immunisation
Ferret and guinea pig specific antisera for the newly discovered virus were generated
by experimental intranasal infection of two specific pathogen free ferrets and two
guinea pigs, housed in separate pressurised glove boxes. Two to three weeks later all
25  the animals were bled by cardiac puncture, and their sera were used as reference
sera. The sera were tested for all previous described viruses with indirect IFA as

described below.

Antigen detection by indirect IFA

30  We performed indirect IFA on slides containing infected tMK cells. After washing
with PBS the slides were incubated for 30 minutes at 37 °é with virus specific anti-
sera. We used monoclonal antibodies in DIF against influenza A, B and C, hPIV type
1 to 3 and hRSV as described above. For hPIV type 4, mumps virus, measles virus,

sendai virus, simian virus type 5, New-Castle Disease virus polyclonal antibodies
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~f-or-one-hour,. Af .J-nocul ation-15 the plates_were incubated at 37 C for-a~
maxi num of %ﬂu@@? 3W§F%@r¥?@e%@8fjﬁ?ﬁrﬁ8aé%ﬁaﬂﬁeek and cultures were

checked daily for CPE. After 14 days cells were scraped fromthe second

passage and_j ncubated 14 days. This step was repeated for the third
passage. Th&etsrianorenithediandr dumwag bydndieadEdr ate t he presence of the

virus byg i nghy ﬁ&tdeltEa%io?l%f dheg gg&%gﬂi&gﬁs@gﬁ@mm SR8 O Wil dofd  and
gui nea pig specific antisera tor e new y’'di'scovered virus were generated
by experi neateddnd art cowvnesdipk, wathedtwithn PBS dndostaimed ivfitle sgrainhegeplet nte 1fterlbet s

and two guihea pi housed in .separate. pr.essuti l.pve es,..fwo to
Fhr ee veeks el e AR iR Fere sirutaat BT Edn thizd oA et an
their ‘sera xefilodiesh Gmes 6fl8TA16PBS @Dako). H1R1eS Sfede Yeb@sdedHstdsdriledalblove.
previ ous described viruses with indirect |FA as described bel ow. Antigen

detection by indirect 1FA 30 W perforned indirect |IFA on slides containing

i nf ect ed; t Mg, 6el, 5, Affigpywashing with PBS the slides were incubated for
30 mnutes at 37 Cwith virus specific anti- sera. W used nonocl onal
anti bodi es Pwb-Dirfluegd nreap-layeirks oBHIK calls B medisCys deRkibed pove were inoculated

with supernatants of samples that displayed CPE after two or three passages in the
24 well plates. Cultures were checked for CPE daily and the media was changed once
a week. Since CPE differed for each isolate, all cultures were tested at day 12 to 14
20  with indirect IFA using ferret antibodies against the new virus-isolate. Positive
cultures were freeze-thawed three times, after which the supernatants were clarified
by low-speed centrifugation, aliquoted and stored frozen at -70 °C. The 50% tissue
culture infectious doses (T'CID50) of virus in the culture supernatants were
determined as described?6.
25
Virus neutralisation assay
VN assays were performed with serial two-fold dilutions of human and animal sera
starting at an eight-fold dilution. Diluted sera were incubated for one hour with 100
_ TCID50 of virus before inoculation of tMK cells grown in 96 well plates, after which
30  the plates were centrifuged at 840 x g. The media was changed after three and six
days and IFA was conducted with ferret antibodies against MPV 8 days after
inoculation. The VN titre was defined as the lowest dilution of the serum sample

resulting in negative IFA and inhibition of CPE in cell cultures.
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C. The 50%t.i -PC‘R“' ture infectious doses (TCID50) of virus in the
culture supernatants were .determ ned as describedis. 25 Virus
neutralisation assay VN assays were perforned with serial two-fold

di | utipns %;vgu n.and animal sera starting at an eight-fold dilution.

Di | ut et se %ofcubated for one hour with 100 TCI D50 of virus before

i nocul at i ORNA whaMsolabl $rodf MW supRrifRaMBfinRbAUER1 lkueEs WHuGtbse gradient
fractions using a High Pure RNA Isolation kit according to instructions from the
manufacturer (Roche Diagnostics, Almere, The Netherlands).

20 RT-PCR
Virus-specific oligonucleotide sequences for RT-PCR assays on known
paramyxoviruées are described in addenda 1. A one-step RT-PCR was performed in
50 pl reactions containing 50 mM Tris.HC1 pH 8.5, 50 mM NaCl, 4 mM MgCls, 2 mM
dithiotreitol, 200 pM each dNTP, 10 units recombinant RNAsin (Promega, Leiden,

25  the Netherlands), 10 units AMV RT (Promega, Leiden, The Netherlands), 5 units
Amplitag Gold DNA polymerase (PE Biosystems, Nieuwerkerk aan de Ijssel, The
Netherlands) and 5 pl RNA. Cycling conditions were 45 min. at 42 °C and 7 min. at
95 °C once, 1 min at 95 °C, 2 min. at 42 °C and 3 min. at 72 °C repeated 40 times and
10 min. af 72 °C once.

30
RAP-PCR

RAP-PCR was performed essentially as described!®. The oligonucleotide sequences
are described in addenda 2. For the RT reaction, 2 ul RNA was usedin a 10 pl
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assays on kgown par anyxovi ruses are described in addenda 1. A one-step
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Sequence analysis

RAP-PCR products cloned in vector pCR2.1 (Invitrogen) were sequenced with M13-
specific oligonucleotides. DNA fragments obtained by RT-PCR were purified from
20  agarose gels using Qiaquick Gel Extraction kit (Qiagen, Leusden, The Netherlands),
and sequenced directly with the same oligonucleotides used for PCR. Sequence
analyses were performed using a Dyenamic ET terminator sequencing kit
(Amersham Pharmacia Biotech, Roosendaal, The Netherlands) and an ABI 373
automatic DNA sequencer (PE Biosystem). All techniques were performed according

25  to the instructions of the manufacturer.
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95 Conce, 1 mnat 95 C, 2 mn. at 42 Cand 3 mn. at 721 hdgeaved 40
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RT-PCR for diagnosing MPV.

For the amplification and sequencing of parts of the N, M, F and L. ORFs of nine of

20  the MPV isolates, we used primérs N3 (6-GCACTCAAGAGATACCCTAG -3’) and N4
(5-AGACTTTCTGCTTTGCTGCCTG-3), amplifying a 151 nucleotide fragments, M3
(5-CCCTGACAATAACCACTCTG-3") and M4 (5-GCCAACTGATTTGGCTGAGCTC-
3’} amplifying a 252 nucleotide fragment, F7 (5'-
TGCACTATCTCCTCTTGGGGCTTTG-3) and F8 (5'-

25 TCAAAGCTGCTTGACACTGGCC-3) amplifying a 221 nucleotide fragment and 1.6
(5'-CATGCCCACTATAAAAGGTCAG-8) and L7 (5-CACCCCAGTCTTTCTTGAAA-3)
amplifying a 173 nucleotide fragment respectively. RT-PCR, gel purification and
direct sequencing were performed as described above. Furthermore, probes used
were:

30
Probe used in M: 5-TGC TTG TAC TTC CCA AAG-3’

Probe used in N: 5-TAT TTG AAC AAA AAG TGT-3'
Probe used in L: 5-TGGTGTGGGATATTAACAG-3



25 to the instructions of the manufacturer. 13 July 2005 13A0uQg/ 2&¥302

PCT/ NLO2/ 00040 46 Generating genomc fragments of MPV by RT- PCR To
generate Q@%&% ments spanni ng gaps A, B and C between t he RAP-PCR
fragments (&P 2we used RT- PCR assayg as described bef orFETEHAZ WP s 01 at ed
from 5 virus isolate 00-1. The fol | owi ng primers were used: For fragment
A TR desi Bhgobgdnaiié beallyender . (5 - AAAGAATTCACGAGAAAAAAACGC-3') and Ni
designed at the 3" end of the RAP- PCR fragnments obtained in N

(5" - CTGTGGTCTCTAGTCCCACTTC- 3" ) For fragnment B: N2 designed at the 5 end of
the RAP- PCRrdy éﬂ@%ﬁeu@ﬁ& @fe@@q}NR é%queﬂcgs (were 53 Eﬁ@@@&é@ﬁ’v@ sofeRpst M

designed at th fragnments obtained in
(5' - CAGAGT GEFFAZETGROAGETTY 'l;kehﬂigod tneagyrere ge@ermd@emggﬂwd)lﬁﬁ Mheo#wared of

tosi onod ar k8B e 2R ALA bty uoli (OTRGRACTAGROATANG S iy

(51- TOCCCAARMBTARAT AGTEATEEGHAL JerdlGsdhl fag thengememtion qftiyligedetic bevd ine gel

R Liniﬁp?f'?.aié?ieﬁﬁ Sl e i ey S AL B

of 2.0 t heRd¥ NGE@BS Fo¥ehd FTRPY | Pw: DNI26,A PEATIORSGAAT A TIAGR - 3" )
and N4 (5" - AGACTTTCTGCTTTGCTGCCTG 3 arrpl i fyl ng a 151 nucl eoti de
fragnments, MBY-Q, sEI8TEAGACAAIANCORETEYY, DN3ZKARM-A, Us9295; AP V'B U39296

(5 %@C@W%’H@W%%’%%M PRl 5
1 {7 s e e e e o
oot § velbE ogprpa e greetar 113 vink iRl Pefee LS a6 igekhad

perfornmed agiikl@adoer itbgd @ROYEgrbys.t hernore, probes used were: 30 Probe used
in M 5 -TGC TTG TAC TTC CCA AAG 3'

15  Abbreviations used in figures: hRSV: human RSV; bRSV: bovine RSV; PVM:

pneumonia virus of mice; APV-A, B,and C: avian pneumovirus typ A, B and C.

Examples of methods to identify MPV
Specimen collection

20

| In order to find virus isolates nasopharyngeal aspirates, throat and nasal swabs,

broncheo alveolar lavages preferably from mammals such as humans, carnivores
(dogs, cats, mustellits, seals ete.), horses, ruminants (cattle, sheep, goats ete.), pigs,
rabbits, birds (poultry, ostriches, eic) should be examined. From birds cloaca swabs

25  and droppings can be examined as well. Sera should be collected for immunological
assays, such as ELISA and virus neutralisation assays.
Collected virus specimens were diluted with 5 ml Dulbecco MEM medium
(BioWhittaker, Walkersville, MD) and thoroughly mixed on a voftex mixer for one
minute. The suspénsion was thus centrifuged for ten minutes at 840 x g. The

30 sediment was spread on a muliispot slide (Nutacon, Leimuiden, The Netherlands) for

immunofluorescence techniques, and the supernatant was used for virus isolation.



Probe used in N 5 -TAT TTG AAC AAA AAG TGT-3' Probe useil igull: 2005
5' - TGGTGTGGGATATTAACAG 3' 13 July 2005 WO 02/057302 PCT/ NLO2/ 00040 47
Phyl ogeneti$ anal yses For all phyl ogenetic trees, DNA sequences were

al iigned J¥?AY'Y#E O ustal Wsoftware gackage and nmaxi numBGTAERA8048 tr ees
were generated using the DNA-M. softwdfe 5 package of the Phylip 3.5
progr am usi WgrudORolamerst raps and 3 junbl esl5. Previously published
sequences that were used for the generation of phylogenetic trees are

avai |l abl e from Genbank under accessions nunbers : For all ORFs: hRSV:
NCO01781;  DRSMrudNARESRIMIE eLI RV, Bt oyRY M DLIRS o ARY 5vAro ROABE iy 24
APV- B, Y14292: APV-C, AF187152; For the N ORF: PVM DIO331; APV-A, U39295;
APV- B, U39296ll rlfenrontainingglpgs diesKEostahd avhigiize, BNA, wiboHS mosnimnA,

X58639; PV. . : PY C. .AF2 71: .For, the P ORF.,.R 9649: APV- A,
(bario Apviger] BBy sbblirsantel GRECIO0 Loy dorTh (igWilialR, Vereler
vi rus i sol aBelgiwh). Betbragneueidnihewthtesmvicle wkbheslt with PBS &sd sudplie@wfith 15

pneunon a virdE Lo e e N s inram G GaRBIFRIARE YBOA WERd C

Exanpl es of gized NRERCOL 0,65 fdpVREioReGLRES LM ECLeMind ABloW BRI ! O
find virus isol ates nasopharyngeal aspirates, throat and nasal swabs,

broncheo al 9¥byeits/itey spprsciling 8P beAitdnsbrapiemyeine (Biowhitaaker) faram/liter
(catt] o pacbimubIShon S, Phinaiglh R fotbodRSFR 0 SHINRPDE,

etc) shgul cglbe(?sle%t'dﬁahx?]ﬁmlﬂanhiT@?ﬁeﬂagﬂ?y\ﬁbgm@m@mﬁm, can be )
o ELI'SA andeeripie e NePrmatiel Suf Boaleyount (1ale Berhop Rites chesbPhEn itk o

diluted wi t’Dheﬁplﬁkes%ﬂéﬁﬁ@mﬁﬂﬁﬂéwvﬂﬁﬂE&ﬂ@rn&tﬁhﬁ’m}ktﬁﬁﬁﬁhaﬁ\ﬁﬁé@ra§f!i&’éﬂe%a.tﬂ@s, and

t horoughly m xed on a vortex m xer for one mnute. The suspension was thus

cent ri f uged”# &l Regvell injripdicate, llowed §y canisifaging i & formeneshnusabiften a
nul tispet shbe@afidy %@ﬂﬁtes%éﬂ@iﬁg%tedT&eSM hetl Iﬁg)%ﬂuﬂl QF 14 days changing
the medium once a week and cultures were checked daily for CPE. After 14 days,
cells were scraped from the second passage and incubated for another 14 days. This
step was repeated for the third passage. The glass slides were used to demonstrate
the presence of the virus by indirect IFA as described below.
20  CPRE was generally observed after the third passage, at day & to 14 depending on the
' isolate. The CPE was virtually indistinghuisable from that caused by hRSV or hPIV
in tMK or other cell cultures. However, hRSV induces CPE starting around day 4.
CPE was characterised by syncytia formation, after which the cells showed rapid
internal disruption, followed by detachment of cells from the monolayer. For some
25  isolates CPE was difficult to observe, and IFA was used to confirm the presence of the

virus in these cultures.

Virus culture of MPV

Sub-confluent monolayers of tMK cells in media as described above were inoculated
30 with supernatants of samples that displayed CPE after two or three passages in the

24 well plates. Cultures were checked for CPE daily and the media was changed once

a week. Since CPR differed for each isolate, all cultures were tested at day 12 to 14

with indirect IFA using ferret antibodies against the new virus isolate. Positive

cultures were freeze-thawed three times, after which the supernatants were clarified



i mmunof | uorescence techni ques, and the supernatant was used Juay 200%S
isolation. 13 July 2005 WO 02/057302 PCT/ NLO2/00040 48 Virus isolation

For virus_isolation tMK cells (RIVM Bilthoven, The Netherl ands) were
cul tured NP %0571 | plates containing glass slides (CostZCT/NESHBIHMYge,
UK), with the nmedium 5 described bel oW suppl enmented with 10% fetal bovine

serum ( Bi oWy otvadpeed cafarii@ition, Bed@tsihnd BRI BosdhoaUl @b OMhd 5o fisades were
washed with PBS %gd supp/ied wth Eagle' s MEMw th Hanks' salt (ICN, Costa
mesa, CA) ® HEpgtis\dopes T BDPP) of irusdn bs MelbCesurermgbEn WP es

(Bi owhi t t akidmmiged Milow@hy'baah el Bh ki ani ts/liter
penicillin, 201’(?)][1 pgll iter é’Slt rep]%glﬁgglé ne ?%%sg!\%gii%l%gﬁzﬁéd lgramliter 10

| act al bum ne (Sigma-Aldrich, Zw jndrecht, The Netherlands), 2.0 gramliter

D gl ucgse o ter.dam The Netherlands), 10 gram liter peptone
(Oxoi d, 8 Ha%?ﬁ%%rﬁag%ﬁ%tg??erl ands) and 0.02% trypsi ne (Life Technol ogi es,
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week and cul turese Wgathdgﬂié% e %;%.I_ y ‘ggl}réésﬂf@%%%?rﬁ?h%%%é&%ce slé[g]\fxl/ere
scraped fr dimt he0Wergruftarassiely theapudlet war hediadeddud iarRBheand inbpdetgd by Thi s

step repeat.ed for third passage. The glass slides were used to
dermn\é\?ﬁat egf‘%’fgef)‘?"g‘%a@% of the virus by indirect |FA as described bel ow.

20 CPE was generally observed after the third passage, at day 8 to 14
depending on the _isqglate. The CPE was virtually indistinghuisable from
that causedtigermdstecten hpingdirachlKAK or other cell cultures. However, hRSV

i nduces CPlhdluliis gciﬁareﬁﬁ %rgﬁ%césSEd Qggem%g%ﬁas%&l%é S8 1y sa%%xlngél k&
formation, after Ich the cefl's showed rapi mternz?l di sruption,

fol | owed bygptredashaendtisot abité. Affarahyinge thvoselis sweee fixédin s@ibe 25 1isinluss es
CPE was difficult to ol’t)serve, and | FA was used to confirmthe presence of

t he v??us a‘ltrrl??rﬁég%_p%liﬁ Fifres. Virus culture of MPV Sub-confluent nonol ayers
of t MK cel |Adtdriatipsdy,ving Wesallibed oARRNE RIS 24RAILEIRL8 Qontbnink bihss

© hper nat ANt 36s. Thaal glace Slidbs wars Washed wits PBS and fxe in nooton for 1 mimis ot |

room temperature. |
After washing with PBS the slides were incubated for 30 minutes at 37 °C with

20  polyclonal aniibodies at a dilution of 1:50 to 1:100 in PBS. We used immunised
ferrets and guinea pigs to obtain polyclonal antibodies, but these antibodies can be
raised in various animals, and the working dilution of the polyclonal antibody can
vary for each immunisation. After three washes with PBS and one wash with tap
water, the slides were incubated at 37°C for 30 minutes with FITC labeled goat-anti-

25  ferret antibodies (KPL, Guilford, UK, 40 fold diluted). After three washes in PBS and
one in tap water, the slides were included in a glycerol/PBS solution (Citifluor, UKC,
Canterbury, UK) and covered. The slides were analysed using an Axioscop
fluorescence microscope (Carl Zeiss B.V., Weesp, the Netherlands).
Detection of antibodies in humans, mammals, ruminants or other antmals by indirect

30 IFA
For the detection of virus specifie antibodies, infected tMXK cells with MPV were fixed
with acetone on coverslips (as described above), washed with PBS and incubated 30
minutes at 37°C with serum samples at a 1 to 16 dilution. After two washes with PBS
and one with tap water, the slides were incubated 30 minutes at 37°C with FFT'C-




24 wel |l plates. Cultures were checked for CPE daily and tise Jgugi 200%@s
changed once a week. Since CPE differed for each isolate, all cultures
were test Oﬂ%{;ﬁ?’ 12 to 14 wth indirect IFA using ferret antibodies
agai nst th %us isolate. Positive cultures were frd&AELBA0M { hree
times, after which the supernatants wéfe clarified 13 July 2005 WO

02/ 057302 PLabelkd24c00@A4 ardihobiss kOesDEBHs a6 (Dalkey &ided wedd hEtdod8d aand
stored frozgn at -70 C. The 50%tissue culture infectious doses (TCl D50)
of virus ind¢s5Eioedipberee supernatants were determined fol | owing established
t echni ques odii i : : {.Sath Lyt | on
assays and Sh ovips i b B Cr by i o SRL AL RE Ll (RERRAR tkt
est abl i sheditapang uerdsbrrge tesdyn FHUE san be deplacetitveth aey dibdresbart &g anal yses,
virus was concentrated frominfected cell culture supernatants in a

m cro-centrifuge at 4 C at 17000 x g, after which the pellet was

r esuspendedAnim&Bmmncsbtiepect ed by 10 negative contrast EM Antigen

and sedi nent “GFt AHLEWERRD PigssREidic agfperador Fhenen]y disepwired virge weng geeratedli ng,
the cells ExddriSeh thNinfLHl Q8 ; idn B ; [

Al ternati V\QIB{/_, Iﬁ\;/ir_r us, was _cul t%r%fd&%é\n ?!M%eeflgéip%%%gg\gﬁtﬁgﬁ% es c@vr?t ai ni ng
gl ass sl i dewinegpigsehejisad én senagake pmessurisad Bloe hbtds. PBS tatbirekiweelis latentiet on

for 1 mhute,: - . L After shing with PBS the. slides were
| reubatiy 't Snitiple WBRIHEE LR ALA! Sundlilehad BN ke Ml et Hifeingd S5
di | uti on of The 5ératvoerd 1d436d for APRTevides deeeibbdWirpbsedith iediFait IFAnd d@sdried

pigs to obtain p cl opal, antj bodi es, hut these anti bodi es can be _raised
in various gﬂ?%ﬁb%‘“&ﬁ&“%%? RFh S‘Ei‘r"‘i“ﬁﬁ‘tfl%g?‘r&ﬁeﬁﬁ’éerﬁé‘%@fWﬁ%ﬁﬂt}bﬁéﬂy can

vary for eaglephrativnk SallicBher Ntleeh p&w&%iméﬁﬁfbwugéuﬁ% and one wash with
tap water, the slides were incubated at 37C tor 30 mnutes with FITC

| abel ed goat-anti 25 ferret antibodies (KPL, Guilford, UK 40 fold
el uded i n aesryLFERaLRE (VBRI fllor | UG, | Canterbury, UK and.
cover ed. TheéNdiseaieswereperfamaky sdith sesiahgwebldilationpof human and animal sera
starting at an eight-fold dilution. Diluted sera were incubated for one hour with 100
TCIDS50 of virus before inoculation of tMK cells grown in 96 well plates, after which
the plates were centrifuged at 840 x g. The same ;:ulture media as described above
20 was used. The media was changed after three and six days, and after 8 days IFA was
performed (see above). The VN titre was defined as the lowest dilution of the serum

sample resulting in negative IFA and inhibition of CPE in cell cultures.



fluorescence mcroscope (Carl Zeiss B.V., Wesp, the Nethe}|mmags3005
Detection of antibodies in humans, mammal s, rum nants or other aninmals by

i ndi rect I For the detection of virus specific antibodies, infected

t MK cel | s"a‘??%@@% were fixed with acetone on coverslips PCASIAHAWN ped
above), washed with PBS and incubated580 minutes at 37C with serum sanpl es
at a 1 to 1BAGN dseflziienn. After two washes with PBS and one with tap water,
the slides were incubated 30 mnutes at 370C with FITC 13 July 2005 WO
02/ 057302 PCT/ NLO2/ 00040 50 | abelled secondary anti bodies to the species
used (Dako) | d d i.hed @above. Antibaodies.can be
R b o e e L s T e e

i mmuno f | uoirediesceimss #igh PufdRNArsbiative hitaweskdbg to asprublicrfesaens dye. 5

i scoverba GrntkeRurs Chisheriren ity xBte TRB N athepei A A atedel on of

two speci figoRedd oUWy Gtfied Frouahire@RAoWNh cHIKIAIBACRHIRI PRAMBRAn IoIBGRGF 21e

~pressuri-sed._gl ove boxes. Two to three weeks |ater the 10-ani mals were bl ed
by cardi ac %’tﬁ’@f@’hre, and their sera were used as reference sera. The sera
were tested for all previous described viruses with indirect |IFA as

descri bed below Oher aninmal species are also suitable for the generation
of specific antibody preparations and other antigen preparations may be
used. % \ﬁ#wﬁutral i sation assay (VNassay) VN assays were perforned with
serial "two- ilutions of human and animal sera starting at an

ei ght - f ol d MlichetstepRTDICRIWAE psEbEn MBS0 KIGHbaiRR bafaifhe J0aEk Mid ICQ9r

TCI D50 of virus before inoculation of tMK cells grown in 96 well plates,

af ter whi chB-5t Hompl Heéd, 4verd Malle. 12 nlyhdihiatredal) 200 M Fheh &NHE, Humtibs e nedi a
05, oo P AR PO e T NOBSURERE U M, 70,
defined as (Phembgudzided, ThtNuthalaidsy sttt AmpioR] €olEBNAHolEnéRsO @Rt i ve
| FA ancl 5i n %f?}is}sitgxgs,%ie%vpv%rﬂ&kcaealnldeCI;'Jsls;[all,J 'rI‘lelg Ne%l?er‘igrluig) ggg % pl RNA. Cycling

conditions were 45 min. at 42 °C and 7 min. at 95 °C once, 1 min at 95 °C, 2 min. at

42 °C and 3 min. at 72 °C repeated 40 times and 10 min. at 72 °C once.

Primers used for diagnostic PCR:

In the nucleoprotein: N3 (5-GCACTCAAGAGATACCCTAG -3") and N4 (5™

20  AGACTTTCTGCTTTGCTGCCTG-3Y), amplifying a 151 nucleotide fragment.

In the matrixprotein: M3 (5-CCCTGACAATAACCACTCTG-3) and M4 (5'-

GCCAACTGATTTGGCTGAGCTC-3) amplifying a 252 nucleotide fragment

In the polymerase protein: L6 (5-CATGCCCACTATAAAAGGTCAG-3) and L7 (5'-

CACCCCAGTCTTITCTTGAAA-8) amplifying a 173 nucleotide fragment.

25  Otber primers can be designed based on MPV sequences, and different buffers and

assay conditions may be used for specific purposes.

Sequence analysis
Sequence analyses were performed using a Dyenamic ET terminator sequencing kit
30 (Amersham Pharmacia Biotech, Roosendaal, The Netherlands) and an ABI 873
| ~automatie DNA sequencer (PE Biosystem). All techniques were performed according
to the instructions of the manufacturer. PCR fragments were sequenced directly with
the same oligonucleotides used for PCR, or the fragments were purified from the gel
with Qiaquick Gel Extraction kit (Qiagen, Leusden, The Netherlands) and cloned in




WO 02/ 057302 PCT/ NLO2/ 00040 51 RNA isolation RNA was isolatmdyf pomst he
supernatant of infected cell cultures or sucrose gradient fractions using
a High Pure RNA Isolation kit according to instructions fromthe 5

manuf act uPe? "¥¥R3¢He Di agnostics, Al nere, The Netherl ands) PGRILRAMY| so be
I sol ated foll ow ng other procedur es kidwn in the field (Current Protocols

i n Mol ecul a | 50 1
roacti ons. cBoral ik ool Cppdhelh Tl SRuiShans e R ettt "

di t hi ot reit &lom mpwkabhedmﬁubbeqmtiyssequen@dmmM13Fét1¢ésnﬁn ( Pronega,
Lei den, the thei] ?.lréds) 10 units AW RT (Pronmega, Leiden, The

Net herI ands? irrpl itag Gold DNA pol ynerase (PE 15 Biosystens,

Ni euwer kerk aan de Ijssel, The Netherl ands) and 5 1 RNA QICI i ng
condltlons re 45 mn. at_42 C and 7_mn. 5 C once m

mn. at gaﬁtﬂcleotfﬁeﬁ used forﬂnelyﬁ@ﬁgé&?e?&nd@ft gwdalisenfﬁ qtj}\’-grt/@?)
once. Pri m?P %C@Amm'ﬁws%ﬁﬁted Nésed on .
~ 5" «-GCACT CAAGAGATA AG 3 20 AGACTTT

anpl i f y| ng Rultlishedisetreertces ef theé;mmtand leaderfer hBSVuaqurPd?t\élmbhﬁ@d by

gﬁ;ol I fying ?ﬁ@%ﬁ@ ?F‘H‘é%’f‘%é r%lﬁ@( P%rrt[‘ QW%EM@%Q V[%")

(5" - CATGCCCASSEM A NS baAbtangd %ﬁfﬁehr?es(lﬁ the SAGICEEACTRI BT POIGASAy 3ini
anplifying a 173 nucl eoti de frag §5 Q her priners can be designed
based NP?P%@&EF@&@%%SP% m&fifaf‘ %"ﬁ’tbe (#PP¥s and assay conditions may be

used for spgas RICPORIIAISE GSorohiRd VLRSS oRRANE 50098AGRGS v ¥IS SN 8

performed using a Dyenam c ET term nator sequencing kit 30 (Arersham

Phar maci a BrartaeHniRoptisadaatwo PRESNend sranghudivn ofithesgseqBincgydid noireveal i ¢
DNA sequencgﬁd]ﬁﬁ Bi osystem). Al techni ques were perforned accor di ng to
the instructions ‘of the manufacturer. PCR fragnents were sequenced directly
W th the sane ol i gonucl eoti des used for PCR, or the fragnents were

-Fl)-ﬁ(ral ]Ic\llet or | mﬁtgs}]oe%%%xrgfbgﬁt ﬁ%ﬂwcln% kmgren!,ma s,t rr'uan(iztnla?z?s okrl othe(r% ?s’ byL.EEESdfF "
In Paramyxoviridae, the N protein is the most abundant protein, and the immune
response to this protein occurs early in infection. For these reasons, a recombinant
source of the N proteins is preferably used for developing an ELISA assay for

20  detection of antibodies to MPV. Antigens suitable for antibody detection include any
MPYV protein that combines with any MPV-specific antibody of a patient exposed to or
infected with MPV virus. Preferred antigens of the invention include those that
predominantly engender the immune response in patients exposed to MPV, which
therefore, typically are recognised most readily by antibodies of a patient.

25  Particularly preferred antigens include the N, F and G proteins of MPV.

Antigens used for immunological techniques can be native antigens or can be
modified versions thereof. Well known techniques of molecular biology can be used to
alter the amino acid sequence of a MPV antigen to produce modified versions of the
antigen that may be used in immunologic techniques.

30.  Methods for cloning genes, for manipulating the genes to and from expression
vectors, and for expressing the protein encoded by the gene in a heterologous host are
well-known, and these technigues can be used to provide the expression vectors, host

cells, and the for expressing cloned genes encoding antigens in a host to produce
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manuf act urer and subsequently sequenced with ML3-specific _

ol i gonucl é%'{’%%sgfm% O i gonucl eoti des used for analysing t RETNERAOYE t he
genone (absence of NS1INS2). Primer PR (5" - AAAGAATTCACGAGAAAAAAACGE- 3')
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the N protei Th -PCR assay and 10 se ngi erfor as :
Hoccr i beq. aboriplareiah S et b ot o aR R Vot ROt hsteneey o
whi ch i s toasasbly df@xpeesivaivectorlf afitibld @ pro@hce pyrotdiinin £.4uk, Brsabaliat i on of
t hese s uenceg didn reveal an ORE. 15 Detectiaon of antibodies.in

humans, Tranke%t, DEPHAAY BRrgrHEan celle hare besp daspied. pry ph FaRsR@RAR B ae,
th? N prot ?hébdt%ﬁrb&u M PAAT H%uﬁaﬁie%'&et&ﬂ%ﬁ%\f@ﬂﬂ%%die&%Qﬂib%@dt0

~-thi-s--protein occurs early in infection. For these reasons, a reconbinant -

source of tR¥9Rtproteins is preferably used for devel opi ng an ELI SA assay

for 20 det el -ant | | ntigen It abl r l.body
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anti body of pwepssingottpretepns add ivtherefor pfaf@tred] et stV utilizessthe Pobfhedriad

antigens, of _the invention include e t hat redom nant engender .t he

i mmune SOes pRTPLReten,E chﬁweﬁ%gfe@%&gawwm%ﬁ““%@ifﬁé& ‘%&?Bi thy are
recogni sed e®siz3paagp).y by antibodies of a patient. 25 Particularly
preferred antigens include the N, F and G proteins of MPV. Antigens used
for i munol 08tHEws Rredwged hyagcambinpat baauio virngasicaabe used tma vesietyidi f i ed
versions t I ' Jal ar b be used to
alter the gﬁﬁgﬁ%lgéqggsagg%#ée&g%@ghﬁig@?g%{q%gghﬁ?(&)&ll% gg‘ﬁ%%g?%sdﬁg I ed versions
of the antésyaliishhdtthahyecombirzad anbigennemobogtied ih @tdveiof nesuraBoirieirhods f or
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vectors, host ) X
such as those using plates or beads among others, and liquid phase assays. Assays

D

suitable include those that use primary and secondary antibodies, and those that use
antibody binding reagents such as protein A. Moreover, a variety of detection
20  methods can be used in the invention, including colorimetrie, flnorescent,

phosphorescent, chemiluminescent, luminescent and radioactive methods.

Example 1 of indirect anti-MPV IgG EIA using recombinant N protein

25  Anindirect IgG EIA using a recombinant N protein (produced with recombinant
baculo-virus in insect (Sf9) cells) as antigen can be performed. For antigen
preparation, Sf9 cells are infected with the recombinant baculovirus and harvested 8-
7 days post infection. The cell suspension is washed twice in PBS, pH 7.2, adjusted to
a cell density of 5.0X 108 cells/m}, and freeze-thawed three times. Large cellular

30  debris is pelleted by low speed centrifugation (500 x g for 15 min.) and the
supernatant is collected and stored at -70°C until use. Uninfected cells are processed
similarly for negative control antigen.

100 ul of a freeze-thaw lysate is used to coat microtiter plates, at dilutions ranging
from 1:50 to 1:1000. An uninfected cell lysate is run in duplicate wells and serves as a



cells, and the for expressing cloned genes encodi ng anti gehsrlg aod®wst to
produce 13 July 2005 WO 02/057302 PCT/ NLO2/ 00040 53 reconbi nant anti gens
nosti c assays. See for instance: Ml ecular clonin

for use inp di (% &]ﬂ A
| abor at or S"Wﬁ 41"2and Ccurrent Protocols in Ml ecul ar Bi ol SGFNLRQEMY et y of
expressi on systens nmay be used to prodtice MPV antigens. For instance, a

vari ety of LRESH v : i i ns: La.:& Coli,
B.subtilis, S‘?@ eastl,%?lngg%?@ﬁ?&ag%&é&%@ﬁgﬁ%ﬁwﬁhﬁ%ﬁm gvelﬁl descri bed,
any of whi CBB#WA"]B@EGQJB@@ sexn pecdlute] L5VRYLEA0 iy EAISAibubfer PBY, det ect

anti - MPV angj ' | d afients. The bac Vi rUS expressi on system
has the adv%dﬁ?' gégié&gt?& p@)? g?“?‘%‘?ﬁ& oﬁg%%a%osagfe’ Vi ﬁ%&&#hg%?ﬁrgﬂ@&%ﬁﬁ i's

t her ef or praidd.d%dmilk)) doliymeddely intubdtiswélhefopoihyhedt BwC.10 pronoter to

di rect %pressi on of MPV antigens. (Matsuura et al. 1987, J.Gen.Virol. 68:
1233-1250). Antigens produced by reconbi nant bacul o-viruses can be used in

a vari ety OPlatd</H¥HRRHsROE ERb tRRHAYith PRIAED 8, s ) ] }%}gﬁﬂ§ d 19b&1e

~-patient. -kt irs-well - established, that reconbinant antigens can be used-i-n-

pl ace of na8adtaRtivivRn (qx aEBinst qEer oRedise) dely, dibbad 318690 dall: 90 ay BLISA
detiect | on_Obutid! iR chllsCo R LRBYA Ty TREWARSEESTHO Bl BEF B0t

i ndi rect assays, sandwi ch assays, ase assays

pl at es or beeddmasrenign BB BEG5% Bwebnl drguirgte plittspassiay Sinclissay for Buhinmbée

i ncludg 4 hoge that use primary.and secondar I bodi es, and t e that use
anti bo?ft bi i°ﬂ’&6¥?‘é‘é’5]é%5§e %ﬁh&@ﬂ%? é\qﬁ’?%ﬁiem&gr%g atevgmeé%agﬁmdmes
detection 2ficheis ibsisoltained Frds Sibohd) Andahb RYRBbh IS stopPed W SRl RiNEL I'i C,
fluorescent, phosphorescent, chem | um nescent, |um nescent and radi oactive
met hods. gioacid. Goleximetric rapdingsrave myaswied atdbigun sshgimaniompted
protein 25 Ap. bl bBAL rbPfa,El A using a recombi nant N protein (produced with
reconbi nant bacul 0-virus 1 nh insect (Sf9) cells) as antigen can be
performed. For antigen preparation, Sf9 cells are infected with the

reconbijpant bacul ovirus and harvested 3- 7 days post infection. The cell
suspension is washed twce in PBS, pH 7.2, adjusted to a cell density of

5.0X 106 celiamipte 2: @aphire @@ teMPVIMIELA R ota ¥BSmblaing AueRbpiskan 30 debris
is pelleted by | ow speed centrifugation (500 x g for 15 mn.) and the

A capture IgM EIA using the recombinant nucleoprotein or any other recombinant

protein as antigen can be performed by modification of assays as previously described
20 by Erdman et al (1990) J.Clin.Microb. 29: 1466-1471.
Affinity purified anti-human IgM capture antibody (or against other species), such as
that obtained from Dako, is added to wells of a microtiter plate in a concentration of
250 ng per well in 0.1 M carbonate buffer pH 9.6. After overnight incubation at room
temperature, the plates are washed two times with PBS/0.05% Tween. 100 pl of test
25  serum diluted 1:200 to_1:1000 in ELISA buffer is added to triplicate wells and
incubated for 1 hour at 37 °C. The plates are then washed two times with in
PBS/0.05% Tween.
The freeze-thawed (infected with recombinant virus) 821 cell lysate is diluted 1:100
to 1: 500 in ELISA buffer is added to the wells and incubated for 2 hours at 37°C.
30  Uninfected cell lysate serves aé a negative control and is run in duplicate wells.
The plates are then washed three times in PBS/0.05% Tween and incubated for 1
hour at 37°C with. 100 pl of a polyclonal antibody against MPV in a optimal dilution
in ELISA buffer. After 2 washes with PBS/0.05% 'T'ween , the plates are incubated
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supernatant is collected and stored at -70C until use. Unihfmatedocel|ls are
processed simlarly for negative control antigen. 100 gl of a freeze-thaw
Iysate S coat microtiter plates, at dilutions ran from 1: 50
to 1: 1000’98%%0{]%? Mfected cell lysate is run in duplicate P%é"l’h?'s" 280 40ser ves
as a 13 July 2005 WD 02/057302 PCT/ NI592/ 00040 54 negative control. After
i ncubati on Qy@y -9 didhl @hESid 9
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sera are diluted 1:50 to 1:20 supple
wi t h nor mal thyoeleteseire inaabetad meﬁmﬁ% Bo¥i°Ge serum al bumi ne and 0. 1% i | k),

foll owed by L Ong) weIIs f 1 hour, Plate r hed two
times wth g@%ﬁ gzgg% ?iHFéehn‘ %Z::Béz&%é Fefie fried ateag‘éﬁmﬂgﬂ’?utﬁﬁ nman
(or agai nst abtdoed t@maﬁ&b Mﬁ&h@@ﬂzﬁh@@uﬁst@%@m 3,358 80tctintdthbenhitinker |
added to vveII i nc %(f for 1 hour at. 37. The pl ates are then washed

two times wﬁf %’CB@ from Fiegng e anl the Yoggtion istornadowish 188 nt of 2M5
m nutes 10 ghosfp(hﬁﬂb h@@@&ﬁe&ﬁh@ﬁnﬂéa&ﬂg@%r@ﬂéé A0 AP udlBautbrtated: >

enzi dine, - such-as that obtained fromSigna, an e reaction-
i s stopped WHengtiercpl ategeadeny phosphoric acid. Colorinetric readings are
measured at 450 nmusing an automated mcrotiter plate reader. 15 Exanple
2: Capture anti-MPV I gM EIA using a reconbi nant nucl eoprotein A capture |gM
El A using t ke Bemmhjmanf theusipene TEMEBTA Ousigg theOtcdmbinaa o AREIBaITbeiR (@t e N
as antigen c n_be f ormed. by m)dlflc%}é‘?n of assays as previously
described 9P°hyee ?Ptétmaqm)(%‘@l}f’lﬁ Wirgp aFe porapared 13g. aotte-ands f i nj t y

purified antdnvalsaBintlidss aotu a@élfdrﬁppéfs&r%rwﬁﬂﬂhﬁﬁkl PP Y SPR% Bdh. Tﬁé‘Ch

as that obtained from Dako, is added t mcrotiter plate
concent r at | BRPCHTCity 25 bhe\gpcombingat Inuphommiﬂmcem’tua ﬂi‘éﬂes deﬂfetmqul-lbygteﬁhng\f t e r

W th PBS 0. Dash rpsem s 5 Tk FBELG0 b8 phiMn P YRR LG R 0

ELI SA buffeque@maelded to triplicate wells and incubated for 1 hour at 37C.
The pl afes are t hen washed two tinmes with in PBS/ 0. 05%ween.

Potential for EIAs for using recombinant MPV fusion and glycoprotein proteins

produced by the baculovirus expression.

The glycoproteins G and F are the two transmembraneous envelope glycoproteins of
20  the MPV virion and represent the major neutralisation and protective antigens,
The expression of these glycoproteins in a vector virus system sych as a baculovirus
system provides a source of recombinant antigens for use in assays for detection of
MPYV specific antibodies. Moreover, their use in combination with the nucleoprotein,
for instance, further enhances the sensitivity of enzyme immunoassays in the
25  detection of antibodies against MPV.

A variety of other immunological assays (Current Protocols in Immunology) may be
used as alternative methods to those described here.
In order to find virus isolates nasopharyngeal aspirates, throat and nasal swabs,

30  broncheo alveolar lavages and throat swabs preferable from but not limited to
humans, carnivores (dogs, cats, seals etc.), horses, ruminants (cattle, sheep, goats
etc.), pigs, rabbits, birds (poultry, ostridges, etc) can iJe examined. From birds, cloaca

and intestinal swabs and droppings can be examined as well. For all samples,
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the sensitivity of enzynme inunoassays in the 25 detection of antibodies
agai nst VP\Viral genome, a ¥’CR can be performed with primers specifie for this 8' end of the '

genome. In our case, we used a primer specific for the 3' uniranslated region of the

viral genome and a primer in the N ORF. Other primers may be designed for the

same purpose. The absence of the NS1/NS2 genes is revealed by the length and/or

20  nucleotide sequence of the PCR product. Primers specific for NS1 and/or NS2 genes

may be used in combination with primers specific for other parts of the 3' end of the

viral genome (such as the untranslated region or N, M or F ORFs) to allow a positive

identification of the presence of NS1 or NS2 genes. In addition to PCR, a variety of

techniques such as molecular cloning, nucleic acid hybridisation may be used for the

25  same purpose.

Example 3: Different serotypes/subgroups of MPV

30  Two potential genetic clusters are identified by analyses of partial nucleotide
sequences in the N, M, F and L, ORFs of 9 virus isolates. 90 -100% nucleotide identity
was observed within a cluster, and 81-88% identity was observed between the
clusters. Sequence information obtained on more virus isolates confirmed the

existence of two genotypes. Virus isolate ned/00/01 as prototype of cluster A, and



A variety of other immunol ogi cal assays (Current Protocols3 iagnlyneoe®dl ogy)
may be wused as alternative nethods to those described here. In order to
find virus_isol ates nasopharyngeal aspirates, throat and nasal swabs, 30
broncheo AYQ8YPII2| avages and throat swabs preferabl e froRBNLOH8904% | it ed
to humans, carnivores (dogs, cats, s€al s etc.), horses, rumnants (cattle,
sheep, goatwrusisclaje nel/§%/01 nalphotbiype bf cldstef Bordverbeen oséd indgess etc) can be

exam ned. Fro irds, cloaca nd i,ntestinal swabs roppi n can be
oxan ned acRTTirRAGH 1A da e S bR THhEgnosRs Erer B b aoront seropes
PCT/ NLO2/ 00Q4hbgrfupser ol ogy (anti body and antigen detection etc.), virus
isolation and nucleic acid detection techniques can be perfornmed for the
detection of virus. Monoclonal antibodies can be generated by i munising
mce (or; othgg@ni mals) with purified MPV or parts thereof (proteins,
pepti des) and subsequently using established 5 hybridoma technol ogy
(Current protocols in Immunology). Alternatively, phage display technol ogy

B e e e e L

f rom i muni sREEGWHTBRGs @50l Atk RIS n4dophhBigell RpRAR] Sarhfled. BB4OMARIY) . The
detection of .the presence qr. absence of NS1 and NS2 proteins can be 10
performed U&fargrakieecl parisiobths mgtrix prd pelymersss gspet pidibest Pom isodatpmhi ques

using ag V%Néi@&‘ﬁ% g&ﬁm@%éé’@%ﬁfr@ﬂaﬁ@é {QDFes WL 81 86 kb ak pwsg%%ence or

absence of I genes "or honol ogues thereof in virus is tes can
be per f or neldeassFragyrPdR). vinallysep pf these trets caidisingd dle presehee dfdwiogenétiknown NS

and/ or NS2 wel | as, Wt ri of. nucleic.acid hybridisation
Fechn ques. RER, HBrue A1 bityGorol s Thi pioBiE vBe 17 Sk dawige, 10"
end of the isolateahedd@0ITRS tie PORIgRavibes Prgrioap Be Thwinhdkleptil@esuespedehiisy f or
this 3' end of.the genone. Irilouroca e, .we use%ﬁa primer specific for the
3" unt r ans| BRI § FGUB T 455 pYRthap; 922, "‘%’é}r‘?&?@w%ﬁ?& clistersthe ilanidy yagRt:

O her pii megss,. My be designed for the sanme purpose. The absence of the

NS1/NS2 genes is revealed by the | ength and/or 20 nucl eoti de sequence of
t he PCR pr odues isolai¢smadd0¥Bband ned/PBO1kgte herty wredNSineruints fermely tbeaissed i n

nbi nat i on, Wit h e TEE UL fthei3..end of |
viral genond L eRE BB ReRETRE S Bl R HEleclh Wi kRl Ml o

positive  both viruses.

20  Table 3:
Virus neutralization titers

isolate 00-1 | isclate 99-1

preserum 02 02
ferret A
(00-1)
| fexrret A 64 02
22 dpi
(00-1)
preserum 12 02z
ferret B
(99-1)
ferret B 4 64
22 dpi
(99-1)




identification of the presence of NS 1 or NS2 genes. In agdidilgn2p05PCR, a
variety of techniques such as nol ecular cloning, nucleic acid

hybri di sat be used for the 25 sane purpose. Exanple 3. Different
serotypes%@ﬁ@@ggﬁﬁs of MPV 30 Two poteptial genetic clust MUt fied
by anal yses of partial nucleotide se% ences inthe N M F and L ORFs of 9
virus isolates. 90 -100% nucl eotide identity was observed within a

cluster, ang 81-88%dentj.ty S serye etween the clusters. Sequence

i nf or mat i o:}ado&}?%}?if‘?e@“gﬁr'r"?r ) ‘?rﬁ%gi(ggl\éég’é‘g confirnmed the existence of two
genot ypes. Rirlisilated¥- Bt ARY 2R 6984M) RAPt ype of cluster A and 13 July
2005 WD 02/057302 PCT/ NLO2/ 00040 57 virus isolate ned/99/01 as prototype
of cluster B have been used in cross neutralization assays to test whether
t he gengty ; | Al I . Resul ts
Usi ng. RY. PR SRitor & Sfch bide e GRlthaBRRALIPER oihes SUOG AURENCE,
identified (86d/06/@distnidord/990 1) UBT{RIR atsags Hn ansordeaphgesy ngeedie agmipleat e

of These naurebrips Rl behdtem peh Rt iRo L Pt TRkt ol aBCIOPRL Rl

were used tthe gaimharpigsd hivybeaenellésgedwigle sithéd e lniddgouda NS Bserfloddugse
trees confirnmed tg% presence of two genetic _clusters, with virus isolate
ned/ 00/ 00- TUERs: ER 193715124k \ppE camep wirup geplication hag Reexy ppticed. j sol ate ned/ 99/ 01
as theqprototype virus in group B. The nucl eoti de sequence identity wthin
a group was nore than 92% while between the clusters the identity was 81-
15 85% Virus isolates ned/00/01 and ned/ 99/ 01 have been used to inocul ate
ferrets to raise virus-specific antisera. These antisera were used in
virus neutralization assays with both viruses. 20 Table 3: Virus
neutralizatTasletdi ters isolate 00-1 isolate 99-1 preserum 02 02

primary virus secondary virus

infection replication infection replication
guinea pig 1-3 00-1 2 out of 3 99-1 loutof 2
guinea pig 4-6 00-1 3 outof 3 00-1 ioutof3
guinea pig 7-9 99-1 3 out of 3 00-1 2outof 2
guines pig 10-12 | 99-1 3 out of 3 99-1 1 out of 3

15  note: for the secondary infection guinea pig 2 and 9 were not there any more .

Virus neutralization assays with anti sera after the first challenge showed essentially
the same results as in the VN assays performed with the ferrets (> 16-fold difference
in VN titer).

20

The results presented in this example confirm the existence of two genotypes, which
correspond to two serotypes of MPV, and show the possibility of repeated infection

with heterologous and homologous virus
25



ferret A (00-1) ferret A 64 02 22 dpi (00-1) preserumD? 1z 20esret B
(99-1) ferret B4 64 22 dpi (99-1) 13 July 2005 WD 02/057302
PCT/ NLO2/ For isolate 00-1 the titer differs 32 4/ 2) fold For
i solate 9 -‘%?‘?157§"§|ter differs 16 (64,4) fold 5 In addltlé% “6[91’%861 pi gs
have been inocul ated with either one 6f the viruses (ned/ 00/ 01 and
nedl 99/ 01). RT-PCR assays on nasopharyngeal aspirate sanples showed virus
replication fromday 2 till day 10 post infection. At day 70 post infection
t he gui nea pigs have been challenged with either the honol ogous or the
het erol ogous virus, and for in all four cases virus replication has been
noti ced. 10 Table 4 prlnary V|rus secondary virus infection replication

&) 4 Hyrt enes dete w 2 out of 3 99-1 1 out of 2 -
gui nea pi g 4- 6 00 1 3 out of 3 00 1 1 out of 3 guinea pig 7-9 99-1 3 out -
of 3 00-1 2 out of 2 guinea pig 10-12 99-1 3 out of 3 99-1 1 out of 3 15
note: for tHaisszsampkbatepetibdsabt ifmh@ﬂmﬂpmpb@thz seqderitesef MPVodpenheadingny
~{TDT € neu l.zatj.on-assays W th anti.-sera.after the fj.rst challenge
Choved ossatPRar (SRR Bk ERaE i Svelh 35 DRrAL selponiis ¢bR eataimicn t b

ferrets (> ikemiil d difference
Sequence analyses of the nucleoprotein (N), phosphoprotein (P), matrixprotein (M)

10 and fusion protein (¥) genes of MPV revealed the highest degree of sequence
homology with APV serotype C, the avian pneumovirus found primarily in birds in
the United States. These analyses also revealed the absence of non-structural
proteins NS1 and NS2 at the 3'end of the viral genome and positioning of the fusion
protein immediately adjacent to the matrix protein. Here we present the sequences of

15 the 22K (M2) protein, the small hydrophobic (SH) protein, the attachment () protein
and the polymerase (L) protein genes, the intergenic regions and the trailer sequence.
In combination with the sequences described previously the sequences presented here
complete the genomic sequence of MPV with the exception of the extreme 12-15
nucleotides of the genomic termini and establish the genomic organisation of MPV.

20  Side by side comparisons of the sequences of the MPV genome with those of APV
subtype A, B and C, RSV subtype A and B, PVM and other paramyxoviruses provides

strong evidence for the classification of MPV in the Metapneumovirus genus.

25
Results

Sequence strategy
MPV isolate 00-1 (van den Hoogen et al., 2001) was propagated in tertiary monkey

30  kidney (tMK) cells and RNA isolated from the supernatant 3 weeks after inoculation
was used as template for RT-PCR analyses. Primers were designed on the basis of the
partial sequence information available for MPV 00-1 (van den Hoogen et al., 2001) as
well as the leader and trailer sequences of APV and RSV (Randhawa et al., 1997;
Mink et al., 1991). Initially, fragments between the previously obtained products,



in VNtiter). 20 The results presented in this exanpl e cord ixunyt heos
exi stence of two genotypes, which correspond to two serotypes of MV, and

show t he |ty of repeated infection wth heterol ogous and
honol ogoug‘p@@‘% 25713 July 2005 WO %/ 057302 PCT/ NLO2/ O%GZG‘LO%’QO“&anpl e

4: Further sequence determ nation I s exanpl e describes the further
anal ysi s of ranggssiggpigerfces 56ﬂbWV4dﬁbmleaaﬂLm@re fermreted(lIRFEPGRI i nt er geni ¢

sequences rtial of the enom c ter quence
anal yses ofg?ﬁﬁémﬁ%)lne %rsgfl%?%e?%}re %%s];h ?eﬂuﬁmﬁe‘(’%ﬁ S‘EH*?EW‘? rotein
(M 10 andeohfizined bprgeﬁ@mnéE)segle@eﬁovbﬁzla&dfﬂﬁgrm&'@feﬂragﬁan&l 19hesk ifepeee of
sequence h t he avian pneunovirus found

primarily i Q;g‘: 5%%50\%6 EP@EXQJ’S&%{:%[BX%§“ tiy, I gonomes der alldCE fagmpr, t he
absence 50f KRR uBlahHE Wf@éeqtugﬁ@d%fb%ﬂ arlﬁﬂgn%%ﬁ @hg,tcg'ﬁot}r ghg a&g ehaﬁg\” ral

genome and positioni n&@o fusion” protern I | at cent “'to the
mat ri x proterers. Fae augleotplecywhaminvercid sramaness vorfre 1Sed tcese&?& fth))mploaiw n,

~t-he-small atta rote| n-and the -
pol yrner aseh)('/j{é;l%8 :{Hgﬁsﬂ&%@%é@n%%ﬁk%@bgge Bﬁlné%ﬂggwgé’ e trailer

sequence. (wwwmichi. ﬂﬂimﬁfgoﬂBM’D@pﬁﬁ&h&fm wias cksibaed oy ?ﬁ%&&iﬁg#ﬁ?}es

sequences en ere conplete the genonic sequence, / Wth the

exgept i on 5 tb8§& mm&@ %Wl OFh Vel gepss el aq bheie lacation i1 thend

est abl iigh th@osRNBEEG &mﬁ@h&@txﬁa&ﬁbrpfa YmicRapEHMPY wadGneAUPRE! (FRDFe Of

t he sequences of the MPV genone with those of APV subtype A, B and C, RSV

subtype A afid BeWwwﬂéﬁ%aﬁdﬁyﬁwlmdgﬁhpﬁd\ltsdlmamga#!wng simildebre

fsg;ute Ege(:lsft‘;ﬁg![gfehgﬁﬁ RBahattlnVof Ap¥Eal! FRYFLIRY b LR p S0P et RER DR
and non-codmg sequences of MPV and those of other paramysoviruses and discuss

the important similarities and differences.
15
The nucleoprotein (N) gene
As shown, the first gene in the genomic map.of MPV codes for a 394 amino acid (aa)
protein and shows extensive homology with the N protein of other pneumoviruses.
The length of the N ORF is identical to the length of the N ORF of APV-C (Table 5)
20  and is smaller than those of other paramyxoviruses (Barr ef al., 1991). Analysis of the
amino acid sequence revealed the highest homology with APV-C (88%), and only 7-
11% with other paramyxoviruses (Table 6).
‘Barr et al (1991) identified 3 regions of similarity between viruses belonging to the
order Mononegavirales: A, B and C (Figure 8). Although similarities are highest
25  within a virus family, these regions are highly conserved between virus familys. In all
three regions MPV revealed 97% aa sequence identity with APV-C, 89% with APV-B,
92% with APV-A, and 66-73% with RSV and PVM. The region between aa residues
160 and 340 appears to be highly conserved among metapneumoviruses and to a
somewhat lesser extent the Pneumovirinae (Miyahara et al., 1992; Li et al., 1996;
30  Barr et al., 1991). This is in agreement with MPV being a metapneumovirus, showing
100% similarity with APV C.

The phosphoprotein (P) gene




MPV isolate 00-1 (van den Hoogen et at., 2001) was propagatefilyn2vestiary
nonkey 30 kidney (tMK) cells and RNA isolated fromthe supernatant 3 weeks
after inogﬁb %@5 was used as tenplate for RT-PCR anal yses. Priners were
desi gned onOPHE®sis of the parti al Sequence i nfor mat i orP G248 | or
MPV 00-1 (van den Hoogen et at. 2001) as well as the leader and trailer
sequences ofTh&Récad OHESM ﬂB@éﬁbﬁ%&ﬁi codbs for hHDA aa Mobdin Q&t]:uéﬁ sharl@@é‘% aa

Initially, fragnents hetween the preV|ousI obt ai ned gro duct s, Jul'y 2005
WO 02/ 057305 auenveNtaysslogowdh the Proratsimel 4&3 €, padfqndn 2B 66 %0pith @hmP Riotietn

| ength, wer g ReVerANLE). %e@gfn‘é%fW@%?Jthﬁ%hﬂn%%uﬂ@ﬂnﬁ%ﬂbﬁ%cﬁ‘ﬁ Aldhget! . The

genoni ¢ sequence was subsequéntly  confirned by geherating a series of
over | appi ngquFeCPGRSlfmbﬁglterH%Omamglm@:hehp&iawmmmsaﬂﬁmweaﬁhﬁ)mebtdnﬂi

represent ed enome F PCR fragnments, 5 both strands
wer e se%enlétegﬁa{eg\g’cﬁ%ﬁl\g%dl%eher ig?rr‘?g?lflcatlon and sequencing errors.
Thehnucl eot hidensrdt ﬁmmv .!ganﬁ lmm%memmauﬁ@aswrgrmpym HHY MPYTR DR €S
—w-th-seguen I n the Genba t-abase usin e BLAST software -
(W, nebi . faﬁg%w? %B%%A%ﬂf’f E’m@i Sﬂﬁgﬁégefi%é@é agegiog vt highsigharty eadi ng
frames  ( ORhSvebRSAPneRmdoFRLRY Y Wak. '24:!6)%%% ¥bd1ghn S&H&Sth%mﬁ' kn&l%sfshg'r r

| ocation in the 10 genone. Based on th I'nf ormat i on, MPV
was const r uetosess(oFiiy meenfa‘b)lng'theswwug@m)mmm oﬂ.tl&?:&dnmamd cminplex rﬁ‘l’ue ngt h

and it rggl | t-he c_organi zation of APV. Bel ow,
we pr ess,ledr)\t a%(i:oél?r%%lr? 50 %(egals{’ é\%’gggg%%bg ﬁ%cglg)ﬁﬁgﬁ%es of MPV
and t hose oéo:ﬂéh&tw@aulmﬁtuﬁuns meﬁk@mﬂl Slicoerts Showing noummmltﬁwmhl &PViies
and differe C nucI tein homm the first gene in
t he genonic n%i%(ﬂ'm &n &P@@%&%ﬁeﬁssé&w@ V. The d{-igrmingtotdhe

ext ensi ve hpmst Pgyotint i ldlsqn 118 PosiueB el &las PREY ABM b

of the NORF is ?dcentnllcgl tol\ét he engtsh ugf tthN ORF of g%\ﬁépﬁ]%ﬁggg
and i s smal ®erl9%®an those of ot her par anmyxovi ruses (Barr et at., 1991).

Anal ysi.s: of the amino acid sequence reveal ed the hi ghest honol ogy W th

APV-C (88%, and only 7- 11% w th ot her paranyxoviruses (Table 6). Barr et
at (1991) iTeetndtced(M) pegicdngenk simlarity between viruses belonging to

th .
€ The third ORF of the MPV genome encodes a 254 aa protein, which resembles the M
ORFs of other pneumoviruses. The M ORF of MPV has exactly the same size as the

M ORFs of other metapneumoviruses (Table 5) and shows high aa sequence homology
20 with the matrix proteins of APV (78-87%), lower homology with those of RSV and
PVM (87-38%) and 10% or less homology with those of other paramyxoviruses (Table
6).
Easton (1997) compared the sequences of matrix proteins of all pneumoviruses and
found a conserved heptadpeptide at residue 14 to 19 that is also conserved in MPV
25  (Figure 10). For RSV, PVM and APV small secondary ORFs within or overlapping
with the major ORF of M have been identified (52 aa and 51 aa in bRSV, 76 aa in
RSV, 46 aa in PVM and 51 aa in APV) (Yu et al., 1992; Easton et al., 1997; Samal et
al., 1991; Satake et al., 1984). We noticed two small ORFs in the M ORF of MPV. One
small ORF of 54 aa residues was found within the major M ORF (fragment 1, Figure
30 7), starting at nucleotide 2281 and one small ORF of 33 aa residues was found
overlapping with the major ORF of M starting at nucleotide 2893 (fragment 2, Figure
7). Similar to the secondary ORFs of RSV and APV there is no significant homology
between these secondary ORFs and secondary ORFs of the other pneumoviruses, and

apparent start or stop signals are lacking. In addition, evidence for the synthesis of



order Mnonegavirales: A B and C (Figure 8). Al though sim laiiyt pessare
hi ghest 25 within a virus famly, these regions are highly conserved
between virus famlys. In all three regions MPV reveal ed 97% as sequence
identity WORYMPIC 89% with APV-B, 92%with APV-A, and PSENIAOOM4Ph RSV
and PVM The region between as resi duts 160 and 340 appears to be highly
conserved givhind@iagpeuding ks tikes sabfdig GREs ot and RESEhas exttheah t he
Pneunovi ri nae yahara et at., 1992; Li et at., 1996; 30 Barr et at.,
1991) . Thi $¥P¥%%h agreenent with MPV being a met apneunovirus, showing 100%
simlarity wth APV C. The phosphoprotein (P) gene 13 July 2005 WO

02/ 057302 PCT/ NLO2/ 00040 61 The second ORF in the genone nmap codes for a
294 as protinfusior proteine@)@®veas sequence hormol ogy with the P protein of
APV-C, and I B - nr. ' f . gene of
MPV cont ai rlllglr;’ oyhg%%;u S amllE %c&%ﬁﬁ:gﬂ%%%a{\? Ofrﬁi‘\s%ﬁe%?%l cglag%cr%eﬁ:{%?c étglc') P from
many ot her npanbergxdvhe WekpneRaviienegerius. Tha¥ gand oEMAD akofleky 5391896,

—Sedl-meier-et_at., ,1998).. I'n contrast to,,APV B ¢ PVMand. sijjlar to -
RSV and. ApPrelth s Bk R e Tiogef i PLAPYCofite By Xodeisoedho ot oo
that a regisegudtce hgialedl 1% Abmblogy RGEVEPT-@ 7% RN VIASEER( 38398 Sritd 1)
plays a role in either the RNA synthesis process or in maintaining the
st ruct ur al PogeEgyiray Famropains sukodp dApSiawitbpihesmarrryzovinuses §Fae 85 Onegh
simlaghty | ' . S ervative
R e e AT VIR
% wi t h APVMPYnelths, disiribwapprafxysteine rysid s (MdarnisRE\V1 988h¥u @ ekrigomudhef t he
l\/PVPproteir)Gis rich in hut te residues as t11 been described f.or APVs
(Ling et  Sevapaegagvircsgs dhare 1ACpoina osiise By 1T Are SReSTRT APORRELIOS ¢ he
MPV genone papeagesiiséIasd tws i B2 (L isWohsdivéenehE O pafenMoviiEss) 0bf geher

pneunovi ruses. The M ORF_of MV has exactly the sane size as the M ORFs of
ot her met apgioteaial Vrkiaked glyspwylafiongites omewret in the RORELFMEYenors®®ogy 20

\glnfj h the Mahsics iR REVSn Plwd\pYsitifl "1 200 3999 WR! sIQBRLAGYABY T Hnd igRe of RSV
unigue, potential N-linked glycosylation site for MPV is located at position 206
(Figure 11).

Despite the low séquence homology with other paramyxoviruses, the F protein of

MPYV revealed typical fusion protein characteristics consistent with those described
20  for the F proteins of other Paramyxoviridae family members (Morrison, 1988). F
proteins of Paramyxoviridae members are synthesized as inactive precursors (F0)
that are cleaved by host cell proteases which generate amino terminal F2 subunits
and large carboxy terminal F1 subunits. The proposed cleavage site (Collins et al.,
1996) is conserved among all members of the Paramyxoviridae family. The cleavage
25  site of MPV contains the residues RQSR. Both arginine (R} residues are shared with
APV and RSV, but the glutamine (Q) and serine (S) residues are shared with other
paramyxoviruses such as human parainfluenza virus type 1, Sendai virus and
morbilliviruses (data not shown).
The hydrophobic region at the amino terminus of F'1 is thought to function as the
30 membrane fusion domain and shows high sequence similarity among
paramyxoviruses and morbilliviruses and to a lesser extent the pneumoviruses
(Morrison, 1988). These 26 residues (position 137-163, Figure 11) are conserved
between MPV and APV-C, which is in agreement with this region being highly

conserved among the metapneumoviruses (Naylor el al., 1998; Seal et al., 2000).



PVM (37-38% and 10% or | ess honology with those of otheripanary2ovsruses
(Table 6). Easton (1997) conpared the sequences of matrix proteins of all
pneunovi ruses and found a conserved heptadpeptide at residue 14 to 19 that
is also cOHR®HWEY2in MPVY 25 (Figure 10). For RSV, PVM and@CAPLOZ/@Me
secondary ORFs within or overlapping Wth the major ORF of M have been

i dentified AS% ®8n&htthe FoAsubuRitl BEXPVimBRhbiparzmxodibuas, MPVRdVeaBd 251 as
in APV) (Yu_ et at 1992; Easton et at., 1997, Samal et at., 1991; Satake

et at., logipletioneofifi aresidugs cemapredorith RSY @reitivn 37188, Mevre Ble sl |

ORF of 54 ag Lifsi S i il | - féﬁ@]%@ Lgure
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~tacki-ng.-1n addition, evidence_for the synthesis .of 13 July 2005 WO - - -
02/ 057302 PRETIeRIdYeP gpvagilashapd isse corseEtttionspibh athe Alo/s sty Meghesry orFs
of APV and BIMyNas ifQled’88Re nﬁ&ﬂﬂa}%ﬁ%n&ﬁ%&nﬁ%%gﬁm E’atrgh)g’ tEhitgg M, The F

ORF of MPV is |located adjacent to I's characteristic for
menbers of althougbtsaprdwmlogyis stjilsaen witheAEVdane of MPV encodes a 539 as

pr ot ei which is two as residues |longer than F of APV-C (Table 5).

Anal ysi's of the as sequence reveal ed 81% honol ogy wth APV-C, 67% w th
APV- A and B, 33-39% w th pneunovirus F proteins and only 10-18% w th ot her
par anmyxovi ruses (Table 6). One 10 of the conserved features anong F

protei ns of paranyxoviruses, and also seen in MV is the distribution of
cysteine reppdagR (M) ddotein 1988; Yu et al., 1991). The netapneunoviruses
share 12 cysteine residues in Fl (7 are conserved anong all

par anyxovi ripeedp genais avique fo He Praeunpusneeandtvaensriprains @BFahgyobdenuses) .

T L e e
wi th APV. Tisich biahghces tid prteesspatyesttihalvitll polpleedal (Cobisyleati. o109s: Colliner MPV
's located 1@96)031?& {tis ?’Qaﬁg.t@ough of intergenic regions (Hardy ef al., 1998; Fearns et al.,

1999). The M2-1 gene for MPV, located adjacent to the F gene, encodes a 187 aa

protein (Table 5), and reveals the highest (84%) homology with M2-1 of APV-C (Table

20  6). Comparison of all pneumovirus M2-1 proteins revealed the highest conservation in

the amino-terminal half of the protein (Collins et al., 1990; Zamora ef al., 1992;

Ahmadian ef ol., 1999), which is in agreement with the observation that MPV

displays 100% similarity with APV-C in the first 80 aa residues of the protein (Figure

12A). The MPV M2-1 protein contains 3 cysteine residues located within the first 30

25  aaresidues that are conserved among all pneumoviruses, Such a concentration of
cysteines is frequently found in zinc-binding proteins (Ahmadian ei al., 1991; Cuesta
et al., 2000).
The secondary ORFs (M2-2) that overlap with the M2-1 ORFs of pneumoviruses are
conserved in location but not in sequence and are thought to be involved in the

30  control of the switch between virus RNA replication and transcription (Collins et al.,
1985; Elango et al., 1985; Baybutt et al., 1987; Collins et al., 1990; Ling et al., 1992;
Zamora et al., 1992; Alansari ef al., 1994; Ahmadian et al., 1999; Bermingham et al.,
1999). For MPV, the M2-2 ORF starts at nucleotide 512 in the M2-1 ORF (Figure 7),
which is exactly the same start position as for APV-C. The length of the M2-2 ORFs
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still seen contding\é htedfallNEink2H glyMB3yiptied €tad (aa 76 and 121), whereas APV has

one, RSV has two or three and PVM has four.

The hydrophilicity profiles for the putative hMPV SH protein and SH of APV and

RSV revealed similar characteristics (Fig. 7B). The SH ORFs of APV and hMPV have

20  ahydrophilic N-ferminus, a central hydrophobic domain which can serve as a

potential membrane spanning domain (aa 30-53 for hMPV), a second hydrophobic

domain (aa 155-170) and a hydrophilic C-terminus. In contrast, RSV SH appears to

lack the C-terminal part of the APV and hMPV ORFs. In all pneumovirus SH

proteins the hydrophobic domain is flanked by basic aa residues, which are also found
25 1nthe SH ORF for hMPV (aa 29 and 54).

The attachment gliycoprotein (G) ORF

The putative G ORF of hMPV is located adjacent to the putative SH gene and encodes

a 236 aa protein (nt 6262-6972, Fig. 1). A secondary small ORF is found immediately
30 following this ORF, potentially coding for 68 aa residues (nt 6973-7179) but lacking a

- start codon. A third potential ORF in the second reading frame of 194 aa residues is

overlapping with both of these ORFs but also lacks a start codon (nt 6416-7000). This

ORF is followed by a potential fourth ORF of 65 aa residues in the same reading

frame (nt 7001-7198), again lacking a start codon. Finally, a potential ORF of 97 aa
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Whereas most of the hMPV ORFs resemble those of APV both in length and

sequence, the putative G ORF of 236 aa residues of hMPV is considerably smaller

20 than the G ORF of APV (Table 1). The aa sequence revealed a serine and threonine

content of 34%, which is even higher than the 32% for RSV and 24% for APV. The

putative G ORF also contains 8.5% proline residues, which is higher than the 8% for

RSV and 7% for APV. The unusual abundanee of proline residues in the G proteins of

APV, RSV and hMPV has also been observed in glycoproteins of mucinous origin
25 where it is a major determinant of the proteins three dimensional structure (Collins
and Wertz, 1983; Wertz et al., 1985; Jentoft, 1990). The G ORF of hMPV contains five
potential N-linked glycosylation sites, whereas hRSV has seven, bRSV has five and
APV has three to five.
The predicted hydrophilicity profile of h(MPV G revealed characteristics similar to the
30 other pneumoviruses. The N-terminus contains a hydrophilic region followed by a
short hydrophobic area (aa 33-53 for h(MPV) and a mainly hydrophilic C-terminus
(Fig. 8B). This overall organization is consistent with that of an anchored type 11
transmembrane protein and corresponds well with these regions in the G protein of
APV and RSV. The putative G ORF of hMPV contains only 1 cysteine residue in
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entire domain III (aa 627- 903 in the L. ORF), MPV shares 77% identity with APV, 61-
62% with RSV and 23-27% with other paramyxoviruses (Figure 15). In addition to the

20  polymerase motifs the pneumovirus L proteins contain a sequence which conforms to
a consensus ATP binding motif K(X)21GEGAGN(X)2K (Stec, 1991).The MPV L ORF
contains a similar motif as APV, in which the spacing of the intermediate residues is
off by one: K(x)2:GEGAGN(X)19 K.

25 Phylogenetic analyses
As an indicator for the relationship between MPV and members of the
Preumouirinae, phylogenetic trees based on the N, P, M, and F ORFs have been
constructed previously (van den Hoogen et al., 2001) and revealed a close relationship
between MPV and APV-C. Because of the low homology of the MPV SH and G genes

30  with those of other paramyxoviruses, reliable phylogenetic trees for these genes can
not be constructed. In addition, the distinct genomic organization between members
of the Pneumouvirus and Metapneumovirus genera make it impossible to generate
phylogenetic trees based on the entire genomic sequence. We therefore only

constructed phylogenetic trees for the M2 and L genes in addition to those previously
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the MPV intergenic sequences. The repeated sequence found in most genes, except
20  the G-Lintergenic region, was U AAAAA U/A/C, which could possibly act as gene end
signal. However, since we sequenced viral RNA rather than mRNA, definitive gene

end signals could not be assigned and thus requires further investigation. The
intergenic regions of pneumoviruses vary in size and sequence (Curran et al., 1999;
Blumberg et al., 1991; Collins et al., 1983;). The intergenic regions of MPV did not
25  reveal homology with those of APV and RSV and range in size from 10 to 228

nucleotides (Figure 17B). The intergenic region between the M and ¥ ORFs of MPV

- contains part of a secondary ORF, which starts in the primary M ORF (see above).
The intergenic region between SH and G contains 192 nucleotides, and does not
appear to have coding potential based on the presence of numerous stop-codons in all

- 30  three reading frames. The intergenic region between G and L contains 241

nucleotides, which may include additional ORFs (see above). Interestingly, the start
of the L ORF is located in these secondary ORFs. Whereas the L gene of APV does not
start in the preceding G ORF, the L, OR¥F of RSV also starts in the preceding M2

gene. At the 3’ and 5extremities of the genome of paramyxoviruses short extragenie
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emphasises the close relationship between these two viruses. For the N, P, M, F, M2-

1 and M2-2 genes of MPV an overall amino acid homology of 79% is found with APV-

C. In fact, for these genes APV-C and MPV revealed sequence homologies which are

20  inthe same range as sequence homologies found between subgroups of other genera,
such as RSV- A and B or APV-A and B. This close relationship between APV-C and
MPYV is also seen in the phylogenetic analyses which revealed MPV and APV-C
always in the same branch, separate from the branch containing APV-A and B. The
identical genomic organisation, the sequence homologies and phylogentic analyses

25  are all in favour of the classification of MPV as the first member in the
Metapneumovirus genus that is isolatable from mammals. It should be noted that the
found sequence variation between different virus isolates of MPV in the N, M, F and
L genes revealed the possible existence of different genotypes (van den Hoogen et al.,

~ 2001). The close relationship between MPV and APV-C is not reflected in the host

30 range, since APV infects birds in contrast to MPV (van den Hoogen et al., 2001). This
difference in host range may be determined by the differences between the SH and G
proteins of both viruses that are highly divergent. The SH and G proteins of MPV did
not reveal significant aa sequence homology with SH and G proteins of any other

virus. Although the amino acid content and hydrophobicity plots are in favour of

pneunovi-ruses and in motifoo
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20 (1991).) To determine the sequence of the 3' vRNA leader sequence, a homopolymer A
tail is added to purified vRNA using poly-A-polymerase and the leader sequence
subsequently amp]iﬁed by PCR using a poly-T primer and a primer in the N gene. To
determine the sequence of the 5' vVRNA trailer sequence, a cDNA copy of the trailer
sequence is made using reverse transcriptase and a primer in the L gene, followed by
25  homopolymer dG tailing of the cDNA with terminal transferase. Subsequently, the
trailer region is amplified using a poly-C primer and a primer in the L gene. As an
alternative strategy, vRNA is ligated to itself or synthetic linkers, after which the
leader and trailer regions are amplified using primers in the L and N genes and
linker-specific primers. For the 5' trailer sequence direct dideoxynucleotide
30  sequencing of purified vRNA is also feasible (Randhawa, 1997). Using these
approaches, we can analyse the exact sequence of the ends of the hMPV genome.. The
sequence information provided here is of importance for the generation of diagnostic

tests, vaccines and antivirals for MPV and MPV infections.




appear to have coding potential based on the presence of IBITRIQUS00S
stop-codons in all 30 three reading franmes. The intergenic region between G
and L CO“%ES@?‘% nucl eoti des, which may include additional ORFs Ssee
above). | Y%gly, the start of the L ORF is | ocat ed BGI/NIHa&p4
secondary ORFs. Wereas the L gene of 7%APV does not start in the preceding
G ORF, the L ORF of RSV also starts in the preceding M gene. At the 3' and
5'extremties of the genone of paranyxoviruses short extragenic 13 July
2005 WD 02/057302 PCT/ NLO2/00040 68 region are referred to as the | eader
and trail er sequences, and approximately the first 12 nucl eotides of the

| eader and |l ast 12 nucl eotides of the trailer are conplenentary, probably
because t hdfateaidlscmd Methddsi c el enents of the viral pronmoter (Curran et
at., 19 9;§3I un‘oe;ﬁl(%l t.at., 1991; Mnk et at., 1986). The 3'|eader of MV
and APV’ ar &°HYGYF *Wucl eotides in I ength, and some honology is seen in

t he regi onigisweRte GUIC k@@tﬂiséﬁagh@e@fmliéﬂ t2brsi@bfrotih 143 6514,860 PEIDHI AP

the MPV geRBriPEidHmopkey b «gHs as dpgaribed presionsiy. & apadeadiosgentes apFRO01).
genone. They . ' I 1 cleat L des) . [ese t he
si ze of th?%%\@aggt@%il%%?&e?fg@ #&'@‘frggﬁnzgéf’g” ‘%%Cg ?esues fﬁlli%%gl%r %n%m

| onger t hadsalhting Hit serdiddinimstractioiefm thb ngmmtaitaref(RodieDignosis, 40

nucl eot jdes,;of t trail er 2V and the trailer of APV reveal ed. 21 out of
52 mus eo?‘.h_alsge’ ﬁgﬁoﬁﬁ%ﬁa’aﬁﬁf&r ”JP“FWF%&@}&IHQQ&QS% O BRYUEBE RIPIiFREL 1
represent préviBiisly SRAURAIESoRASEE! 02001 & SENRTH So SEMARRES HishEY for P&
sequence anal P/ses reveal ed the absence of NSI and NS2 genes at the 3' end

of the gendinslenand fraglep sbABVIRSY (Randhama «els d8¥Finke! che199)andsae i on of
met apneunoyiLikaf - MR -5 hi:qh, . ce..honol ogy

found bet vv\eégn NP?/“%%}:II%B\Q/Qgenegéﬁu%%ﬁgr%e%n%ﬁdaéqg%@ﬁ%%%ﬁﬁg’ ‘rgsengf' i°ORshi p
bet ween t hégke 2380y i £ Gisteb volBore dfi56pNyitR, 50MhMPTriVPH 45250 MR NaQeh6saMf MPV

an ov [ 1 ZWNQ, aci of . 79% i s_ fqund wth APV- C. ct., for

thesqu%ne%}dn nﬁ%@%‘@%ﬁﬁaﬁ‘ap’%‘%em@rﬁ‘éﬁ? G Q}i‘i‘i‘@l‘{f Mﬁ’g(ﬂq n the
same range uags AN (Profpal Daides, TIMNELHREWESN 16 WPANIE RSy epde IPhAREIDBRRET 2,
such as RSV- A and_B.or APV-A and B. This close rel ati onsk[(uBE bet ween APV-C

and MV i sPromsgasheiffen, TheNetheylnpdenand & waita SaaRolymprase (RESuipdigd VPV and
APVEC al W Suybtbnld RIGAFERKBAPRA do BRBAT FhE NebRIRA{IR). UARRR HAN-AHROR KLY A
conducted at 42°C for 30 minutes, followed by 8 minutes inactivation at 95°C. The
20 cDNA was amplified during 40 cycles of 95°C, 1 min.; 42°C, 2 min.72°C, 8 min. with a
final extension at 72°C for 10 minutes. After examinatién onal% aéarose gel, the
RT-PCR products were purified from the gel using a Qiaquick Gel Extraction kit
(Qiagen, Leusden, The Netherlands) and sequenced directly using a Dyenamic ET
terminator sequencing kit (Amersham Pharmacia Biotech, Roosendaal, the
25 Netherlands) and an ABI 378 automatic DNA sequencer (PE Applied Biosystem,
Nieuwerkerk aan den IJssel, the Netherlands), according to the instructions of the
* manufaciurer.
Sequence alignménts were made using the clustal software package available in the
software package of BioEdit version5.0.6. (http://jwbrown.mbio.ncsu.edw/ Bioedit//
30  biocedit.html; Hall, 1999).

Phylogenetic analysis
To construct phylogenetic trees, DNA sequences were aligned using the ClustalW

software package and maximum likelihood trees were generated using the DNA-ML,



i dentical genomic organisation, the sequence honol ogi es aizl Juhyl e@Ent i c

anal yses 25 are all in favour of the classification of MPV as the first
menber in_the Metapneunovirus genus that is isolatable frommmuals. It
shoul d be WRPEY#%Rat the found sequence variation betweePCHN¥ROMP virus
isolates of MPV inthe N M F and L ’§enes reveal ed the possible existence
of di ff er endofigenetoypiesse(of 2he BRYlifBEIROgRIn ating 10808distraphane 3Gafbles.

rel ati onshiﬁ bet ween, MPV and APV-C is not reflected in the_host 30 range,
since APV iHpdetar grlugs wege eyppiigd for qongangup jress gearted Bgdthe consense 2001) .
This di ffeﬁggkgge@fb]gggﬁeﬁmg) may be determ ned by the differences between
the SH and oteins of both viruses that are highly di vergent The SH
and G prot emﬁﬁvﬁwnﬁpdeqwe iscamadnbleifem: Genhank asderengessian thonkdrogy with

nyar ophobr cirg ot A aPerefiboset bhdinaf o YA e SRR B e = =1

PCT/ NLO2/ 00&tBssidiOnuiebei AB046288 émERiss visuSHIORFS, N@(@@]ﬁiQBI{h\ﬁ]ﬁhn data are

The vore of PRRTRREE FEHAIVLALIBF Hg N CR e AR RIEEh o

addi ti on, @ﬁﬁﬁﬂp W8S viis tHR HHNCIRFS, 10evese Pf @&Dvé/cgsﬂla B{Heaéy ovi de

nor e |nS|ght in e function of the SH and G proteins of MPV and their

rel ati onshi WW’@H Q]ﬁE@e NE-0RPTREI Nipnle visuacdHORY sk éﬁq’@ﬂ@&ﬁ(bﬂﬁv alh@FF.ound
to be figjrl
o B ] st by 8 Aherse oY), eSoRbSiSSven G Ui e

the i nter gBraltOR#), JNE)3Re (BVNDIN OREAE09648 (BXDME F ORFAFVGEESS (BVM, M KiIRF),

dont cai . PReaer Al SitiBos iR g a ol B SRl oo e iz | o

the MPV genOR¥.ws ﬁah@ﬂ%mvghﬁiaaufn (1999, AFNE390 WPV- SGNI@RF)? usgzée%ﬁﬂv%A/ C

in most inter nlc regions, segquence anal ysi s vira i s required
to formal | YNGR nEE0E 6 (ARE- %%@R@%M%ﬁ%ﬁéhé%gv“q} tMm 87355861@{1'@&]3 Mat
ucl ot oo R A R N A e ey A Al ab it e

anplificati @RFbWM(AHHsAlBWIWEBéABVe& FIDEIHFS) Ybﬂaﬂl(qu B}d%Oﬂiﬁf%)n

B 7 Rescuc APEAPYe B O AEATreslarSEb B ikl SERe (RO Bz O, R

and NS2 gerxe3408¢APIVA AM2OREYDI658US (ABV-AYIF ORF), 840198 4PV ISSH OREN7) ;
Mnk, MA., et al. Nucleotide sequences of the 3' |leader and 5 trailer -

20



regi ons of human respiratory syncytial virus genom c RNA 13/ixQkogyod85,
615-24 20 (1991).) To determ ne the sequence of the 3' VRNA | eader

sequence, a honopolymer A tail is added to purified vVRNA using

pol y- A- poIW%@Zand t he | eader sequence subsequent |y ar?ﬁﬂ'(l‘flrﬂé/@mlﬂ PCR
using a poly-T primer and a primer in’?he N gene. To deternmine the
sequence of the 5 VRNA trailer sequence, a cDNA copy of the trailer
sequence i s nade using reverse transcriptase and a priner in the L gene,
foll owed by 25 hom)polyrrer dG tailing of the cDNA with term nal

transferas S t [ ed using a poly-C
primer andegabgg?’ng&%% %’ %lelg‘lg%sn&éﬁ@%yeand&g% %naﬁ\%&%{%at egy, VRNA is
ligated to itself or synthetic linkers, after which the |eader and trailer
regions ar

linker-specific primrs. Por théls trhil eM&eq¥nce St reds
d| deoxynucl eot| de 30 sequenC| ng of pur| f| edlvRNAzl s al so feaS| bI e

sequence ofM'tPWe end§%f tﬂ% hI\/Fﬁﬁtlgeno&@ ‘IB'é s7elqueh8>‘b |2ﬁ€or rr&{BOSon

provi ded he th of ests,
vacci nes an%ﬁgrﬁivi S f% I\/P\/é%d I\%@g ﬁé@tl ons. ?fl %Mt

02/ 057302 PXIFVIE_O2/ 99940 279 itofhterssd s apg Metshodsz 5 &aguencﬁe anal ysi s
Virus isolate 00-1 was propagated to high titers (approxi rrately 10 000

TCI D50/ nl) A%“q ertPaty rr%fg)ﬂ@y %4neyd®el | 48%s ddscribed pfeviodsly (van
den Hoogen ‘ﬁb 2Q01). .Viral ZRNA was is@lated from su nat gnts from
infected cells usi ng a High Pure RNA Isolating Kit according to

i nstructi odsBFY dm t ARl man4lact uREs (RBEh Dil8ginoA0 cs,6410 298ver 2165The

Net her | and mers, wer esi ed S enc | S
previ ousl y%ﬁﬁdeng%ogeﬁlﬂg ‘ﬂ) ?g%d 'Eqéon '?% g%ﬁengggmpubl i shed
for the | &RBY andserail g4 of 2353\// R8369( Ramsd,'lavmaet @1, 1897, dMeK et at,

1991) and are _ avail abl e upon re uest. RT-PCR assays wer e conduct ed with
viral RNA B¥nhg a 8%- t y i PH told viTume % 5P with 50 mM Tris

pH 8.5, 50 pMNRC , 418 5 rgng %gz 539 DET, 1.M forwardsprigygy. 1M
reverse priner, 0.6 rr1\/|dNTIg units RNAsin (Promega, Leiden, The

Net her | ands), 10 U PR/ r evast se 3%Bans dréopt ase 2262
5

Footnotes:

1. length in amino acid residues.

2 . sequences not available

3. others: human parainfluenza virus type 2 and 3, Sendai virus, measles virus,
10  nipah virus, phocine distemper virus, and New Castle Disease virus.

4. . ORF not present in viral genome



(Promega, Leiden, The Netherlands), and 5 units Taq Pol ynes asgy( PBoRppl i ed
Bi osystens, N euwerkerk aan de |Jssel, The Netherl ands). Reverse

transcri pt‘%ﬁn was conducted at 42C for 30 m nutes, foll ovved by 8 m nutes

i nact i vat ‘08 Y458%C. The 20 cDNA was anpl i i ed duri ng 40 & 29p0405C, 1
mn.; 42C, 2 mn.72C, 3 mn. with a f®Pnal extension at 72C for 10 ninutes.
After exam nation on a 1% agarose gel, the RT-PCR products were purified
fromthe gel using a Qaquick Gel Extraction kit (Q agen, Leusden, The

Net her | ands) and sequenced directly using a Dyenam c ET term nator
sequenci ng Thﬁle(ﬂ“ﬁﬁ{]ﬁ@%{ﬂg?ﬂiéﬁ%i&nﬁt?%@ﬁﬂaen%@M@MPV%d%ﬁoéﬂ%Bﬂiérand5)
and an ABlI 373 autonatic sequencer E Applied Biosystem N euwerkerk
aan den | JsBajamyxparngesher | ands), accordl ng to the instructions of the
manuf actgurer. Sequence alignments were made using the clustal software
package available in the software package of BioEdit version5. 0. 6.

(http: //jwbrown nbi 0. nesu. edu/ Bioedit// 30 bioedit. htm Hal |, 1999).
phyl Ogenet 3 ’ a ORS: . A
aligned using the ONstaByv s twaFe kaagMzandLmam mum | i kel i hood trees
were generated using the DNA-M. 13 Jul y; 2005, WO 02/057302 PCT/ NLO2/ 00040
71 softwar the Phylip 3.5 ro ramusing 100 bootstraps and 3
j unbl es. B&BVs&rap 6%al ueés wefe C(m‘put & f o26conéensus trees created with
t he consens o sen e MBV genonic sequence is
avai |l abl e f‘ggyf%e %ﬁk ﬁh ?flbces ion 3[ nbgP 5”AF371337. Al ot her
sequences ugpvdﬁereggre guai | gpl e gir omggenbgpk ureder accessi on nunbers
AB046218 (neasles virus, all ORFs), NC- 001796 (human parai nfluenza virus
type 3, al IhRS¥dy, e 002452 ?&Sen% vidBus, 1811 4RFs), X57559 (hunan

par ai nf | ue \ 4 u ype C- 0 61 New Castl e Di sease
virus, all n% - tl 02%%8 aﬂ pah vi ru%I ?? Gﬁfg), NC- 001989 (bRSV, all
ORFs), 10 I\MRSF% (hRSV A22 al ISSZRFSMexceB;St LY3 NCGO01803 (hRSV, L ORF),

NC- 001781 ( v B, 43' Fs) . Qa 31 (PWM 1g ORF), U09649 (PVM P ORF),
U66893 ( PV %Pv SH 11130 (PVM G ORF), D11128 (F
ORF). The RifMaM 711 49 7-10  10- -4 4 18-
18 14
Footnotes:

1. No sequence homologies were found with known G and SH proteins and were
10  thus excluded
- 2. Sequences not available.
3. See list in table 5, footnote 3.

4. ORF absent in viral genome.

15
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ORF was taken from Ahmadi an (1999), AF176590 (APV-C, N ORB ,JuU3920% ( APV- A,
N ORF), U39296 (APV-B, N ORF), AF262571 (APV-C, M ORF), U37586 (APV-B, M 15
ORF), X58639 (APV-A, M ORF), AF176591 (APV-C, P ORF), AF325443 (APV-B, P
ORF) , uzzmméﬂ,&ﬁ?ZA, P ORF), AF187152 (APV-C, F ORF), Y14ZGF/NLARp#) F
ORF), DO00850 (APV-A, F ORF), AF17659Z24 (APV-C,. M2 ORF), AF35650 (APV-B, M
ORF), X634Q8e{ABM A M2 ORF), U65312 (APV-A, L ORF), S40185 (APV-A, SH
ORF). 20 13 July 2005 WD 02/057302 PCT/ NLO2/00040 72 Table 5: Lengths of
the ORFs of MPV and ot her paranyxoviruses. N P MF M- M- SHGL 1 2 WV

394 294 254.539 187.71, 18 6 2005 . APVA 391 278 25 6 .73 174 391
2004 APV BoEgibRgtes ‘5’3@@%%1&1?%@%’1&‘%‘”‘*@%@%@3%‘%@1 %@?%%84 71 2
2 2 APV DEFRL, Brer?, R., Bnstén; R.F38ooré, DIIRSYAIRRL, 241, 2661574 184 SHH 4K 298
2165 hRsvzg@g%ﬁ@m 249 574 195 93 65 299 2166 bRSV 391 241 256 569 186
93 81 257 shes/Ry John Yideyoand soms, lieg UBA.92 396 2 ot hers3 418- 225- 335-
539- 4 4 4 4 2183 542 709 393 565 2262 5 Footnotes: 1. length in am no

virus type Cuapet Broi@eldai Invhnodpgneabines]-0i Edshy Cdigami pdh, Kividwekphdti ne
i st erper vigkusaicand rhow, Caeh £ 35RSS0H W Pubtished FFolIo bS58 Mhnd,"
Inc., USA.
10
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CAVANAGH, DHPEYdog). Fwd et @@%W%MT’H@{AWCQQCﬁ aNsmenbr ane domai ns
of the fusion protei f b‘gﬂﬁ?c @@g virus are conserved
to a simlar extent zralgv'(t)hose 0 spira ory syngetlal virus. J CGen
Virol 79, 1B®¥VE& PLAMBA D5-CTCCMUGPRGNCAGGCATATAG-31995). VEAN ation in
the fusion gl ycoprotein gepe i yncytial virus subgroup
PVt T ) QOC%EWM%@%M BOUGUELERET, L.,
and TORDO, HIPW-M990) . F®equenT®CA/G)GTTTTAGCTGCTTACG-S N

Rev  5-AGGCAAATCTCTGGATAATGC-3

Mumps Fwd b5-TCGTAACGTCTCGTGACC-3’ SH
Rev  §-GGAGATCTTTCTAGAGTGAG-3
20 NDV Fwd 5-CCTTGGTGAITCTATCCGIAG-3’ F
Rev b5-CTGCCACTGCTAGTTGIGATAATCC-3
Tupaia Fwd 5.-GGGCTTCTAAGCGACCCAGATCTTG-3 N

Rev  5-GAATTTCCTTATGGACAAGCTCTGTGC-8
Mapuera Fwd 5-GGAGCAGGAACTCCAAGACCTGGAG-3’ N
25 Rev: 5-GCTCAACCTCATCACATACTAACCC-3
Hendra Fwd b5-GAGATGGGCGGGCAAGTGCGGCAACAG-3' N
Rev b-GCCTTTGCAATCAGGATCCAAATITGGG-3

Nipah Fwd 5-CTGCTGCAGTTCAGGAAACATCAG-3 N
Rev  5-ACCGGATGTGCTCACAGAACTG-3
30 HRSV Fwd 5-TTTGTTATAGGCATATCATTG-3 F
o Rev  5-TTAACCAGCAAAGTGTTA-8
Measles Fwd B-TTAGGGCAAGAGATGGTAAGG-8 N

Rev  5-TTATAACAATGATGGAGGG-3

General Paramyxoviridae :



corrparl son of five poI ynerases (L proteins) of unsegrrente@ I‘J@ggtzwz; strand
RNA viruses: theoretical assignnent of functional domains. J Gen Virol 71,

1153-62. POCH, 0., SAUVAGET, |., DELARUE, M, and TORDO, N. (1989).
| dent i fi cAY¥® BM053302f our conserved notifs anong the Rm-de[?@ﬁdﬁmlﬂmﬁyrrer ase
‘encodi ng el enents. 25 Enbo J 8, 3867874. RANDHAWA, J. S., MARR I OTT, A

C., PRINGLE, C It. e of symghetic
mnireplicons est abl | E'f %Asfg}l%é(}g@@ﬁgg%ﬁwg NS2 geneﬂ‘s from avian
pneurmvnrus J Virol IYelv MMCA’RPNDHA’MA@I‘%., WLSON, S. D., TOLLEY,
A@@&ﬁ?ﬂ% PRI C It., and 30 EASTON, A J. (1996).

NucI eot| de % gene encodl ng the viral polynerase of avian
pneunovi rus. J Gen \froI 77 3047-51. SAMAL, S. K., and ZAMORA, M (1991).
Nucl eoti de sequence anal s of a mtrix and snall hydr ophobi ¢ protein
di ci str&ni cZEﬂRﬁACGQAWAé@AGé% %@6@ syncytial virus 13 July 2005 WO

02/ 057302 dL{IgL% %t es extensive sequence divergence of
~t-he-smalt-hydropho -|--c--'pro%e|--n---- “fromthat-of human respiratory-syncytial -
virus. J GH#RFNis-ACCABAGKEAAZMCCABTAN, M, and VENKATESAN, S. (1984).
Nucl eot i de n ng respiratory syncytial virus matrix
protein. %eﬁ)og ‘@;@A&&g&gﬁw&@ SELLERS, H. S., and MEI NERSMANN,
R J. (20003F13F53q;ggm@®ﬂcggemjmm am no acid sequence of the first US
avi an pneunovirus isolate and |lack of heterogeneity anong ot her US

i sol at 8. \AFiGs SRRAAGECACIAGIAGHEYGMB ER R, and NEBBERT, W J. (1998).

The replicative conpl ex of paranyxoviruses: structure and function. Ada
Virus Res 50, 101-39. 10 STEC, D.S., HLL, MG, 3RD, AND COLLINS, P.L.
(1991). SedighdébGHMIGEAAGHGAASGOAN-§rer ase L gene of human respiratory

syncytial vitus, Gl epy of nonsegnented negative-strand
Vi ruses. w¢%¢j§g§%§§?§@%&% N"HOOGEN, B. G, DE JONG J. C., GRCEN,
J., KU KEN C7: 5-BECERIACCGRAAGEANGH-FR, R A, and OSTERHAUS, A. D.
(2001). newl@/%dl scovered human Aﬁéneurmw r us i sol ated from young

chi | dr 88 wi®Hl %%@9%@%(3%3 $e. Nat Med 7(6), 719-24.
CS13:5-ACGCAAGGAGGCAAGCGA-3

CS816:5-CAAGGAGGCAAGCGAACG-3

20 fragments successfully purified and sequenced:

20
10 fragments found with sequence homology in APV
Fragment 1 ZF 17, 835bp N gene
Fragment 2 ZF 10, 235bp N gene
25 Fragment 3 ZF 10,7 800 bp M gene
Fragment 4 CS 1,1250bp F gene
Fragment 5 CS 10, 400 bp F gene
Fragment 6 CS 13, 1450 bp F gene
Fragment 7 CS 13, 7560 bp F gene
30 Fragment 8 ZF 4, 780 bp L gene (protein level)
Fragment 9 ZF 10, 330 bp L. gene (protein level)
Fragment 10 ZF10, 250bp L gene (protein level)

Primers used for RAP-PCR amplification of nucleie acids from the prototype isolate.
35 '




VI RUS TAXONOWY (2000). Seventh report of the mternatronaigcﬁmaji bhee on
Taxonony of Viruses. WERTZ, G W, COLLINS, P. L., HUANG Y., GRUBER C.,
LEVINE, S., and BALL, L. A 20 (1985) Nucl eot i de sequence of the G protein
gene of hMHZr’?%é‘Br ratory syncytial virus reveal s an unud§dYNL0g/8e046f vi r al
menbrane protein. Proc Natl Acad Sci BSA 82, 4075-9. Yu, Q, DAVIS, P. J.,
BARRETT, T. g8l M M, BOURSNELL, M E., and CAVANAGH, D. (1991).
Deduced am no aci d sequence of the fusion glycoprotein of turkey 25
rhinotracheitis virus has greater identity with that of human respiratory

syncytial v n rmvr t han tha awar anyxovi ruses and

norbi | 1 vi ru*s'.tz'é 3’“& ’\‘}’r“ro(gltﬂei? S]‘&”‘@i%"% DAvmm P. J., Li, J., and
CAVANAGH, D. (1992). doning and sequencing of the matrix protei n (M gene
of turkey rhinotracheitis virus reveal a gene order 30 different fromthat

of respitat B?%Pds“}’rﬁ}%t pggmetic ppalysiyiof Hhegdjffered isokgtes g MMHGMSO f@‘nHW
SAVAL, S. f.
—syncytial -vir ug&%%%hgiv%g {r&g?rﬂngﬁdi@%ﬁﬁrd% lisgtgir%%\@ b%kﬁﬁﬁ%dﬂ r uc?]?r%’(al

honol ogy wi Alndhisdlaktef 91 benproésppe eftgenytypydcyti al virus. Gen \/ roI 73,

737-41. 13 05 057302 PCT/ NLQ2/ P00
RT- PCR det e@ér%ﬁgat Sf?ﬁ%pélgrgfﬂﬁ%eﬁlﬁp '\%’2 A%f ‘ﬁg?'% ?ﬂd’ﬁhg% e‘?‘t?nf{th
nunps, neastiesses Trypaibath Sigreind cand iehelpresane df@t@ieﬁﬁ@ﬂglﬂr&\&ﬁ@emai‘lﬂae

based allignnments_ of avail ab)] e sequences. Priners for New Castl e Di sease
Vi r us 5 r eAVIGERIE YarinHoRoMAY ngt be sprichly required orallog ¥a-Bectiongn 4. 2630 1995

Primers f OrFMtH&*inoﬁnﬂl\/Hﬁﬂ%fé%l s%%fmaggw Lt tFafihh ﬁr@ﬁ% L9

K.B., et al; Science may 2000 Virus priners |ocated in protern 10
HPI V-1 fwd BﬂmﬂmmmmmM@eom sdqpnces of both viruses show high

Rev 51 - CTCA PR AR e Seapln 3 S A R PR R PG

HN that the viruses are cross-reacting in tests, which are based primarily on the

15  nucleoprotein and matrixprotein, but they respond differently in tests, which are
based on the attachment proteins. The differences in virus neutralisation titers
provide further proof that the two genotypes of hMPV are two different serotypes of

one virus, where APV is a different virus.

20  The cross reaction between the two serotypes and the cross reaction between APV an
hMPV

Methods

25  Protocol for IgG , IgA and IgM antibody detection for hMPV:
The indirect IgG EIA for hMPV was performed in microtitre plates essentially as
described previously (Rothbarth, P.H. et al., 1999; Influenza virus serology-a
comparative study. J. of Vir. Methods 78 (1999) 163-169.
Briefly, concentrated hMPV was solubilized by treatment with 1% Triton X-100 an
30 coated for 16 hr at room temperature into microtitre plates in PBS after
determination of the optimal working dilution by checkerboard titration.
Subsequently, 100 ul volumes of 1:100 diluted human serum samples in EIA buffer
were added to the wells and incubated for 1 h at 37C. Binding of human Ig( was
detected by adding a goat anti-human IgG peroxidase conjugate (Biosource, USA).



15 Rev 5' - CTTTGCGAGITGAACACAGIT-3" HPI V-4 Fwd 13 July 2005
5'-TTC(A G GITTTACCTCCTTACG 3' N Rev 5' - AGGCAAATCTCTGGATAATGC- 3" Munps

Fad 5' - CGTGACC- 3' SH Rev 5' - GGAGATCTTTCTAGAGT ' V Fud
5! -CCTTﬁcﬁiﬁ%g? CCG AG 3' F Rev 5'-CTGCCACTGCTAGTTG G%g@&é@”& Tupai a
Fud 5' - GGGCTTCTAAGOGACCCAGATCTTG 3' N3Rev 5' - GAATTTCCTTATGGACAAGCTCTGTGC- 3'
Mapuer a Fwd Addidg3rRABALS BebfeesdanNOT2RaRMeasured at 450 nm. the

5' - GCTCAACCTCATCACATACTAACCC- 3'. Hendra Fwd _
5 - %@TMW@S(NMWG@“WM@@WTTT% 3’

Ni pah Fwd 5y : " > CTG 3'
30 HRSV Fwd c%&?%g%mﬁ% XGGCAE %H‘%Ag‘rﬁmﬁ%%%ﬁafﬁ%gée qﬁ%%% TA- 3'
Meas| es Fwdthreet AGGTAAGG-3' N Rev 5' - TTATAACAATGATGGAGGG 3'
General QLaranyxoviridae : 13 July 2005 WO 02/057302 PCT/ NL02/00040 83 Fwd
5' - CATTAAAAAGGGCACAGACGC-3' P Rev 5' - TGGACATTCTCCGCAGT-3' Priners for

RAP- PCR. 5 KM% antGb&AGCANBAGBAGANRA  assés derddetbicdATATATHCAPAREBIA

5| caaanocPHepHenas dseerihydaretiousy (Jothbeth P eREALA: atlvenza viris

serolgy-a comparative study. J. Vir. methods 78 (1999) 163-169. For the detection of
IgA and IgM commercially available microtiter plates coated with anti human IgM or

10 IgA specific monoclonal antibodies were used. Sera were diluted 1:100 and after
incubation of 1 hr at 37C, an optimal working dilution of hMPV is added at each well
(100 ul). Incubated 1 hr 37C. After washing polyclonal anti hMPV labeled with
peroxidase was added, the plate was incubated 1 hr 37C. Adding TMB as substrate
developed plates and OD was measured at 450 nm. the results were expressed as the

15  S(ignal)/N(egative) ratio of the OD. A serum was coﬁsidered positive for IgG, if the
S/N ratio was beyond the negative control plus three times the standard.

AVP antibodies were detected in an AVP inhibition assay. Protocol for APV inhibition
| test is included the APV-Ab SVANOVIR ® enzyme immmunoassay which is
20  manufactured by SVANOVA Biotech AB, Uppsal Science Park Glunten SE-751 83
Uppsala Sweden. The results were expressed as the S(ignal)/N{egative) ratio of the
OD. A serum was considered positive for IgG, if the S/N ratio was beyond the

negative control plus three times the standard.
25 1. Guinea pigs

A. (re) infection of guinea pigs with both subtypes of \MPV

30 Virus isolates ned/00/01 (subtype A) and ned/99/01 (subtype B) have been used to
inoculate 6 guinea pigs per subtype (intratracheal, nose and eyes).
6 GP’s infected with hMPV 00-1 (10e6,5 TCID50)
6 GP’s infected with hMPV 99-1 (10e4,1 TCID50)



CSl: 5' - GGAGGCAAGCGAACGCAA-3' CS4: 5' - GGCAAGCGAACGCAAGGAL 3! JulgsZ005
5' - AAGCGAACGCAAGGAGCEC- 3" 15 CS10: 5' - CGAACGCAAGGAGECAAG 3" €S ,
13:5' - A GCGA-3" CS 16: 5 CAAGGAGGCAAGCGAACG?F 1\%‘5? f[a@ments
successfully puriftied and sequenced: 20 10 fragnents fou § T 0R08 auence

honol ogy in APV Fragnent 1 ZF 7, 335 sBp N gene Fragnent 2 ZF 10, 235 bp N
gene 25 Fr afuiniys 3ft2F tHOpriSQ0y Bifedd@e iR glﬂﬁaagcg%@maée %&m&ﬁé&a%ﬁg&ene
Fragnent 5 gS 110, 400 bg F gene Fragnment 6 13, 1450 by F gene ragment

7 CS 13, 758°B9lopodard Befertlogong subiypes(Wed Z8HDBP/mY:gene (protein | evel)
Fragment 9 ZF 10, 330 bp L gene (protein level) Fragnent 10 ZF10, 250bp L

gene (protein level) Priners used for RAP-PCR anplification of nucleic

aci ds from £Bainsagies: yfénfectitra®®el; 289903 hatdrylog®s WO 02/ 057302

PCT/ NLOZ/ 00 . . ] Furth oration .of the two subtypes of

hMPV 5 §as egégﬁle%ﬁ)ﬁg%gen {%Féo%ﬁ%ﬁyg{?%gfb’f)f?éﬁ%ﬂ‘?)er ent isolates of hWPV

obt ai ned soZ2guineatpigs: 1génftiness-npge coeemetadentbided with virus isolate

genot ype B. P85 ds 1REcEomP-dhe™ §enthypwlosare rel ated to subtypes and

that re-infection with viruses from both subgroups occur in the presence

of pre-existing imunity and the 10 antigenic variation may not be
strictly refoabandamoss pwebs kavedken collgvied for 12 days (1% infection) or 8 days (20

10  infection) post infection, and have been tested for presence of the virus by RT-PCR

assays,
Results of RT-PCR assay: Figure 29

15 Summary of results: guinea pigs inoculated with virus isblate ned/00/01 show infection of
the upper reépiratory tract day 1 to 10 post infection. Guinea pigs inoculated with
1ned/99/01 show infection of the upper respiratory tract day 1 to 5 post infection. Infection
with ned/99/01 appears to be less severe than infection with ned/00/01. A second
inoculation of the guinea pigs with the heterologous virus results in re-infection in 3 out of

20 4 guinea pigs and with the homologous virus in 2 out of 6 guinea pigs. No or only little

clinical symptoms were noted in those animals that became re-infected, and no clinical
symptoms were seen in those animals that were protected against the re-infections,
demonstrating that even with wild-type virus, a protective effect of the first infection is
evident, showing the possible use of heterologous (and of course homologues) isolates as a
25  vaccine, even in an unattenuated form.
Both subtypes of h(MPV are able to infecf guinea pigs, although infection with subtype B
(ned/99/01) seems less severe (shorter period of presence of the virus in nose and throat})
than infection with subtype A (ned/00/01). This may be due to the higher dose given for
subtype A, or to the lower virulence of subtype B.
30  Although the presence of pre-existing immunity does not completely protect against
| re-infection with both the homologous and heterologous virus, the infection appears
to be less prominent in that a shorter period of presence of virus was noted and not

all animals became virus positive.



Furthernore, hMPV appears to be closely related to avi an phelnowi2Pis, a
virus primarily found in poultry. The nucl eoti de sequences of both viruses
show hi gh ages of honology, with the exception of the SH and G
proteins. vﬂgrﬁ%&s\%ﬁzshow that the viruses are cross-reacti gV PE%E  which
are based primarily on the 15 nucl eop®tein and matrixprotein, but they
respond diffierently in tests, which are based on the attachrrent pr ot eins.
The dlffereces |n Vi rus neutrallsatlon titers provide further proof that
the two gendtypelosyol gwimea pigs infosted withboth subbypesofddBY  one virus, where
APV is a different virus. 20 The cross reaction between the two serotypes
and the cross reaction between APV an hMPV Methods 25 Protocol for 19gG

| gA and | gMAbdey BoRBs 7T0e8@ A0, 310,186 ahnlkYFMO sﬁreewermboﬂlecttedlfg& ﬂeﬁgdmea higE’V was

(Rot hbart n, DpP oo acd 180 308RoF i R el RSB RErogs peOBRABRLY v

study. J. ohed/B9/01 Watipads 78 (1999) 163-169. Briefly, concentrated hMPV was

roomterrperature into inicrotitre plates in PBS after determ nation of the

Vol umes of Tes OrT oo ohraRe Rk ADODL B pedTERNERN et

the wel | s agi@npapighated for 1 h at 37C. Binding of human 1gG was detected

21y 2008 “HEBLAEes R RGBT, SR B G e Dune o

devel oped phatdsgandelctad goives pigchbic bAEH ubs. the results were expressed
as the S(igpal at i e('.)Sratlo of .the um was _consi dered
positive fgﬁgﬁé%% e"f‘htg FOFOPIE; aF At Iﬁ%@@& %W%%%?l%%%ﬁf%l pl us
three ti meshéh&ogdand@dt Hoo.3), fﬂ\i?\ﬁlaﬂédlﬁf(gg %‘99%, 2%@@?!3%&5@(9!9&%(?93@?% ver e

det ect ed |n sera by capture E essentially as desc previ ous
( Rot hbar t h, heberglegoug (00-1/994) quq?tleduanmamlgaJs serol gy-a conparative study.
J. Virjgrethods 78 (1999) 163-169. For the detection of

Summary of results:
Only a minor difference in response to the two different ELISA’s is observed.

Whole virus ELISA against 00-1 or 99-1 cannot be used to discriminate between the

two subtypes.
20
C.Reactivity of sera raised against hMPV in guinea pigs with APV anticen
Sera collected from the infected guinea pigs have been tested with an APV inhibition
ELISA

25
Figure 33: Mean percentage of APV inhibition of h(MPV infected guinea pigs.
_ Summary of results:
30  Sera raised against hMPV in guinea pigs, react in the APV inhibition test in a same

manner as they react in the hMPV IgG ELISA’s.

Sera raised against ned/99/01 reveal a lower percentage of inhibition in the APV

“inhibition ELISA than sera raised against ned/00/01. Guinea pigs infected with



| gA and I gM comercially available microtiter plates coat&d MlyhZ2a®ti human
lgMor 10 I gA specific nonoclonal antibodies were used. Sera were diluted

1: 100 and gﬁ({snd ncubation of 1 hr at 370, an opti nal vvork‘jrn di |l ution of
hVPV is added &t @ach wel | (100 ul). Incubated 1 hr 37C. FAA{NEO208MA; ng

pol ycl onal anti hMPV | abel ed with pef®xidase was added, the plate was

i ncubat ed lnbd/9¥BCmiAHEhNG: I MBred $ite1 RS Y Sed indBY BVIPEBIPEALES: idRdréde- Was
nmeasured at 450 nm the results_were expressed as_the 15

S(i gnal ) / N( Eggtiow af ned{PP/B1 mrith ARV dplespthaty thet whae¢/8N9L dlpearthedesst thee\ ¥ ¥r
1gG if the Flm t AMPAE 0l e tines the
st andar d. A‘f\&/kl:gS%a][tr:;i!'lo ;Ift%{:)i I es W%Ar)[g&gg%gcttggg&?ﬂ an A%I%ﬂ?%%?éb}n?éllgﬁe%%ggy. Pr ot ocol
for APV inhibition test is included the APV-Ab SVANOVIR (r) enzyne

i mmunoassay \i-ch is .20. e i AB, Uppsal Science
Par k “!ﬁ‘":“éu’. 3 edeft— 1t St xpresset as the
S(ignal)/ N(egative) ratio of the OD. A serumwas considered positive for

~1gG-if-the S/INrati s beyond the - negative control plys three tines the -
standard. 5% colaetRg é\’é\g?@ 8, dov 1% P apdrlaosbiniprtion wersisefl 4 2 s (BoeR

subtypes of ,NPM;3@io Jsb'%a%?téﬁl &Hﬁm/dl??ﬂé@@é@l AAURPY RS S%zxtﬁigddjﬂﬁ:ﬂ!ngv%ﬁ to

(subtype B) have been use inoculate 6 guinea pigs per subtyp

(i ntrat r achtdhnd 488 d'CARE0 ayeus per welbvas ysal offtetinewirflisaiioy, te-viusOes; 5

TClI D50),~ 6 'S 1N Wi bIMP 1 (] July 2 WO
021 02736 HPPREL) B i s it b R M R e s

gui nea pi gsrefiegbedieen inocul ated with the honologous and heterol ogous
(net of of ogohE ALY GSgurerk #pvR L AcuFirdbe Rl Boss antmtintop folgFogous)
2 gui nea pi gslis wéke fitid8sfh 80% R elon, 374 IPRs bvdrB 8LELRLATAUD) mork U RMETYS |

1st infection 99-1; 2nd 99-1 (honol ogous Throat and nose swabs have been
col l ected fitclabeledhWelly thativwere negasive inrthe striying(werd congdensfi@sthon) post

| nfection, ANA-NAYS: BES FELEIEY TR a M- RREAGELM of R Wil RodWarld's RER

assays.
titration of the working solution was included.

Figure 34: Virus neutralisation titers of ned/00/01 and ned/99/01 infected guinea pigs
against ned/00/01, ned/99/01 and APV-C

20 2. Cynomologous macagues

A. (ve) infection of cynomologous macaques with both subtypes of hMPV

Virus isolates ned/00/01 (subtype A) and ned/99/01 (subtype B) (15 TCID50) have

25  been used to inoculate 2 cynomologous macaques per subtype (intratracheal, nose and
eyes). Six months after the primary infection, the macaque have been inoculated for
the second time with ned/00/01. Throat swabs have been collected for 14 days (1%
infection) or 8 days (24 infection) post infection, and have been tested for presence of
the virus by RT-PCR assays.

30 '
Figure 35: Results of RT-PCR assays on throat swabs of ¢ynomolgous macaques
-inoculated (twice) with ned/00/01.

Summary of results:



Results of RT-PCR assay: Figure 29 15 Sunmary of results:13uiwdea2pPys

i noculated with virus isolate ned/00/01 show infection of the upper

respi rat or, day 1 to 10 post infection. Guinea pigs._i I eﬁvvith
ned/ 99/01‘%%%{/@5?% 2ecti on of the upper 8g,espi ratory tract daﬁfﬂ‘%ﬁ)&%@“ ost
infection. Infection wth ned/99/01 appears to be | ess severe than

i nf ecti on wStimnmeg/ofdéQits: dymentopdus neaghatinorulafedtvith gorim &alqie gsd/abOR t he

het er ol ogous, vit [es s inre-infection in 0 of .20 4 i.nea.pi gs and
Tt Chedh R eierel b npPo S et bl alat i 1l poea e tiaf tyiim | o
clinical sysphpisvaERdedEephirativesBirdiik e kscohdahoddBERARfARe Wikegleadvitand

no clinical . synptons were seen jn thgse aninals that were protected

agai nst thetl}eeg?nﬂ?lé%ﬁqsd’ﬂ@,s reﬂ‘glﬁerﬁchﬁﬁnt?ﬁa@eWﬁ“\Fﬁ‘iW hpypeerymeus, a
protectiye gifieQtsyRiptdi€ welck 8denl Nfection is evident, showi ng the possible
use of heterol ogolus (and of course honol ogues) isolates as a 25 vacci ne,
even in an unattenuated form Both subtypes of hMPV are able to infect
~-gui-nea-pi-gs, although-infection wth subtype B (ned/99/01) seens |ess
severe (shorter period of presence of the virus in nose and throat) than

i nfecti on Wit Bewitdpl\pesefa calRAtAMfBMPV ThletefiRYndiRoldsustBaddi@ed)i gher dose
given for subtype A or to the |lower virulence of subtype B. 30 Although
the presence of pre-existing inmunity does not conpletely protect agai nst

re-infecd i OBroth the RLAGIAGY ORI RHRH hed/Ub/0158s HePIR IR Al HSing Bfohfect i on

appears to be |l ess prominent in that a shorter Eerl od of presence of virus
was noted affienie pritharyainieebion (teeinfrebioniocermrebat daw240 o8 mpulkgy 3608 dayO

02/ 057302 P 87 B. Serology of guinea pies infected with both
subt ypes of%—%%&gg@'o, 52, 70, 80, 90, 110, 126 and 160 sera were

col l ected fRamwére wgud vetespig@the prasedced effic€oaratbodick: a0 thst elthél ©ai/00i0 Bowhol e
virus ELI SA in d/ 00/ 01 and ed/ 99 antigen. Figure 30 A and B:
| gG respons‘éﬁ %Saﬁlﬁiﬁ'lﬁséfr%%ﬁawtﬁgg@@@ﬁ ?’Btrlﬂ) %Snagaﬁeﬁtﬁeéglg(()l- gui nea
pig 10 i gure 31: Specificity of the ned/00/01 and ned/99/01 ELISA Only

data from honol o%pus rei nfected gui nea pigs have been used. Figure 32:
Mean 1gG reBQ?}ﬂ : ned/ 00/ 01 and ned/99/01 ELI SA of 3

IgA, IgM and IgG response against ned/00/01 of 2 cynomologous macaques
(re)infected with ned/00/01.

Figure 368
20  IgG response against APV of 2 cynbomologous macaques infected with ned/00/01.

Summary of results:
Two macaques have been succesfully infected with ned/00/01 and in the presence of
antibodies against ned/00/01 been reinfected with the homologous virus. The response
25  to IgA and IgM antibodies shows the raise in IgM antibodies after the first infection,
and the absence of it after the reinfection. IgA antibodies are only detected after the
re-infection, showing the immediacy of the immune response after a first infection.
Sera raised against hMPV in macaqgues which were tested in an APV inhibition
ELISA show a similar response as to the hMPV IgG ELISA.
30
Discussion/conclusion
hMPYV antibodies in cynomologous macaques are detected with the APV inhibition
ELISA with a similar sensitivity as with an hMPV ELISA, and therefore the APV




honol ogous (00-1/00-1), 2 honol ogous (99-1/99-1), 2 hetertd gydys2005
(99-1/00-1) and 2 heterologous (00-1/99-1) infected guinea pigs. 15
Sunmary Of@ﬁ%ﬁéé& Only a mnor difference in response to the two

di f ferent i s observed. Wole virus ELI SA agai nst OG&TANIHR/08Y0 1
cannot be used to discrimnate betweed®the two subtypes. 20 C. Reactivity
of sera rai s@dbRRARTA s RVEYbleToditsARA hRbGS: s\mﬂé)mﬁeytwﬂeg&&e%emml I ect ed
fromthe infected guinea pigs have been tested with an APV inhibition

ELI SA 25 Fi go¥bodi®s. Mean percentage of APV inhibition of hMPV infected
gui nea pigs. Summary of results: 30 Sera raised against hMPV in guinea
pigs, react in the APV inhibition test in a sane manner as they react in
t he hMPV | gG. BrhShrs:s) Seutaalisitivn s wish seracbDerted fnosyledP Vainfeabet
percentage of inhibition in the APV inhibition ELISA than sera raised
agai nst edfﬁw”&?‘?goﬁ'ﬁﬂ?éﬁqﬁ?sgs infected with 13 July 2005 WD 02/ 057302
PCT/ NLO2/ 00040 88 ned/99/01 m ght have a lower titer (as is seen in the

~~hMPV--ELI'SAs) or the cross- reaction of ned/99/01 with APV is less than - -~

that of ned/ 00/ 01. Neverthel ess, the APV- Ab inhibition ELISA can be used
to detect h n?jﬁéil LLBS A I RS, ) {.,-Eﬁggi' i assays
wth sera rgﬁl\éée gog?nst h%?/%r%g%?tgggﬁr?%sdgdggr%%oc{gfgcte &Zl?eeczfggl 0, day
52, 70 and S@wosly lymiventsinrentredisatiosEters againgt madkOq/Q1 (580)), theetsra ddkiepat i on
assay wth negd/Q0/01 ed/ 99/.01 and -.PV- C. .arting dilutiaon to 10
and 100t B HiFbRondEY tmir e bl it neprahSiion et adipS by P s e
10 brought »p280VOntehdra taltén Aiter theavtddavgBdeRion3IHoE fhbtalahtion tivdrsch t he

media was refreshed. The APV tests were grown for_ 4 days gg the hMPV
tests were GFOHRFF 5e8O0HEPH40),amd nongef she sera gepralisgtig ARE CoVirvand | FA' s

were conducted w th nonkey-anti hMPV

There is no cross reaction between APV-C and hMPV in virus (cross)neutralisation
15 assays, where there is a cross reaction between ned/00/01 and ned/99/01 after a boost

of the antibody response.

20 3. Humans

Sera of patients ranging in age of <6 months to >20 years of age have previously been
tested in IFA and virus neutralisation assays against ned/00/01. (See tabel 1 of
patent).

25  Here we have tested a number of these sera for the presence of IgG, IgM and IgA
antibodies in an ELISA against ned/00/01, and we tested the samples in the APV
inhibition ELISA.

Results: Figure 87 Comparison of the use of the hMPV ELISA and the APV inhibition
30  ELISA for the detection of IgG antibodies in human sera, there is a strong correlation
| between the IgG hMPV test and the APV-Ab test, therefore the APV-Ab test is
essentially able to detect IgG antibodies to hmPV in humans.




fitc labeled. Wells that were negative in the staining wet® B3nsEdey ed as
the 15 neutralising titer. For each virus a 10-log titration of the virus
stock and titration of the working solution was i Fi gure
34: V'rus‘ﬁeu?&gﬁlsatlon titers of ned/00/01 and ned/99/0%‘hﬁﬁ%@@% gU|nea
pi gs agai nst ned/00/01, ned/99/01 andlAPV-C 20 2. Cynonol ogous nacaques
A. (re) infection of cynonol ogous nmacaques w th both subtypes of hMPV Virus
i sol ates ned/ 00/ 01 (subtype A) and ned/99/01 (subtype B) (105 TCI D50) have
25 been used to inoculate 2 cynonol ogous macaques per subtype
(intratrachgalpoyfieye and eyes). Six nonths after the prinmary |nfect|on

t he macaque have been inoculated for the second tinme wth ned/00/01.
Throat swabs have been collected for 14 days (1st infection) or 8 days

(20, it gt ohol G5 ey BLAOUE AP il B EoBl

swabs of cyﬁbmmuhemmqwsflgemmoaieed 4ot 4BY. Wi t h ned/ 00/ 01. Sunmary

—-of -results: 13 July 2005 -WD 02/ 057302 PCT/ NLO2/00040 -89 Summary of
resul ts: cynonol ogous nmacaques inoculated with virus isolate ned/ 00/01

show i nf ect §@Rntfry b fosUWRREBoIHEHR M@ I TEA a6l tHAWPY PitioR DG lishRAbaet | ON.

Cinical synptons included a suppurative rhinitis. A second inocul ation of

t he macaquedniipodies agaensiddd Glgdusolshows)results in re-infection, as
denmonstyrat ed by PCR, however, no 5 clinical synptons were seen. B. Serol ogy
on sera collected of hMPV |nfected cynonol ogous nmacaques. 10 Fromthe
macaques whbwhraey of veadlised/ 00/ 01 sera were col |l ected during 6 nonths

after the primary infection (re-infection occurred at day 240 for nonkey 3
and day * 239 for nonkey 6). Sera were used to test for the presence of |gG

anti bodi es Wedbiiet tved L1ty MK BVIBL with nedfd0/0 PRAnE Ohe bRBOIRPESEALRrAGRANSE
| gA and I gM anti bodi es agai nst ned/ 00/01. 15

and ned/99/01 the prototype of subgroup B.

15
"According to classical serogical analyses (as for example known Francki, RLB.,
Fauquet, C.M., Knudson, D.L., and Brown, F., Classification end nomenclature of
viruses. Fifth repo.rt of the international Commitiee on Taxonomy of Viruses. Arch
Virol, 1991. Supplement 2: p. 140-144), two subtypes can be defined on the basis of

20  its immunological distinctiveness, as determined by guantitative neutralization
assays with animal antisera. Two distinet serotypes have either no cross-reaction
with eachother or show a homologous-to heterclogous titer ratio >16 in both
directions. If neutralization shows a certain degree of cross-reaction between two
viruses in either or both directions (homologous-to-heterologous titer ration of eight

25  or 16), distinctiveness of serotype is assumed if substantial biophysical/biochemical
differences of DNA’s exist. If neutralization shows a distinet degree of cross-reaction
between two viruses in either or both directions (homologous-to-heterologous titer
ration of smaller than eight), identity of serotype of the isolates under study is
assumed." '

30
For RSV it is known that re-infection occurs in the presence of pre-existing immunity
(both homologous and heterologous). Infection of guinea pigs and cynomologous
macaques with both the homologous and heterologous serotypes of hMPV revealed
that this is also true for hMPV. In addition, IgA and IgM ELISA's against hMPV



Resul ts: Figure 36A I1gA, 1gMand I gG response agai nst ned/dGray 8002
cynonol ogous nacaques (re)infected with ned/ 00/01. Figure 36B 20 1gG
response PV of 2 cynbonol ogous nacaques infected wth ned/ 00/01.
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reinfected pahddled R RABRLLOOLA Milbdlics Uafy SERRPLRE rednfdefiod. %IQ?QIS!E@M
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the absenceigginsthMRY or ABeresponstiactn emmal gy inAFHoud YRV BLIBAy. Riemdbeed
after the f h thel gnse. after
a first i nf%‘%l‘%ogi ﬁi@%&@%{hé:e ?’gllgﬁhg&éltﬁa%ﬁé m‘%@%ﬁgtnt%ﬁavgél Jhes O%gb%u%v%vg r/ga %ansot ed
in an APV iacid borhology fdrlth&N, $hody smdsi gérdent Inf BEHRA'S ¢ha®l dral Mhotvifidadeghe
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the presen ughvIRY enMBY gress reast in Eild %rniyéqgenema gestof dbe assays

W th sera lds Bﬁ}f\‘?—, feqt L B w&g LRy of
results: Thecser&rggggiﬁéﬂ%rom a? Qlto datl.ile pos lr*;ﬁxmary%'l ectiron éhow
only | ow V|qf§srmﬁedeagaﬂa5tt|ththo dﬁeselﬂ:garms amﬁih@(iﬁﬂéreﬁﬁbs&ﬁ)host hemgser a
taken ter th i on h neutr ation rs
agai nst i@f@%l?d@&g{’ taﬁﬁé Yﬂt‘éuieé gr“;‘?q%ﬁfr@%’ﬁ

show neut r aAm ﬁﬁculalﬂe thdteHMPVagRtict il@eaiRAR 1s f)@é&ﬂﬁéﬁ)remﬁﬂdf DR oft eizéiﬁ
sera neutr I he APV C virus. There is no cross reaction between APV-C

and hMPV i (e mpdamals, Bk Pheswrpohas adapded iy suchphwps Gren ghe G andSHy oss
reaction b%&l%%)@ﬁ&/a@%t@n%%ﬂﬂ%%isoﬁo lﬂ:ﬁ&s?"zo&o%%%&nt Rbmkheudety, body

response.
considering the presence of AVP in birds.




20 3. Humans Sera of patients ranging in age of <6 nonthsl}guwig029@ars of
age have previously been tested in |IFA and virus neutralisation assays
agai nst n (See tabel 1 of patent). 25 Here we have tested a
ngnber of%ﬂéggégégra for the presence of 19G |gMand | gAPCAMEREMRs in an
ELI SA agai nst ned/ 00/ 01, and we tested®the sanples in the APV inhibition
ELI SA. Resukddendfmgure 37 Conparison of the use of the hMPV ELI SA and the
APV inhibition 30 ELISA for the detection of 1gG antibodies in human sera,
there is a strong correlation between the 1gG hMPV test and the APV-Ab
test, ther eBadkgrslifl NRYnARichOMH PASmdcs3ngd i al |y able to detect 19G

anti bodies to hnPV in humans. 13 July 2005 WO 02/057302 PCT/ NLO2/ 00040 91
4. Poultry 5 96 chickens have been tested in both the APV inhibition ELISA

dth . f 1 f i bgdi agai nst _APV.
gznnarisgsdﬁggu:t3?&E%?ﬁm?%%nﬁ%§©aéﬁﬁéﬁggﬁ%HP%%%k%€£k’ ?%ﬁ%?@ﬂ”éf%@ﬂddetect
anti bodi es thgdinestnodiPihded Tha sulthnslyaMelm ol Gy BoRENtOIf twoehbm: VW found

~—two-genotypgs of hMPV with ned/ 00/01 t%ﬁi---ng-th - -pr ot Qt ype of, -sglgghrloup A and-
WBgk.0gi ca

ned/ 99/ 01" tHE“BwEEe B Meanterginiss he genycLefumaeny s sonfaing
anal yses ( aovidd, ofma BN akNa¥Redpi ek synBrtial Birused 2 pne%rﬁa '@}Elg Pzteﬂ’

D.L., and Brown, F., Cassification and nonenclature of = viruses.
report of tHei(RVMInEbe gemis Moanneumevioms calane e afiavpnagwevirasesiAPV r ol |

1991. $ypp! LU 4), two subtypes can be defined on the basis
of 20 ?ts innuno?o%?gé?égﬁgt'nctiveness, as determ ned by quantitative

neutralization assays with animal antisera. Two distinct serotypes have

Pt or ol 0goUiR THBIEPHPRG! PHEREH0R Fie THHAGEL AR e iigass BfseAam Hoshbus a

certain deghas dbr&dtOSRidseabie! RRePRIIEBER doWtellation. Viruses of the genus
Preumovirus are unique in the family of Paramyxoviridae in having two

15  nonstructural proteins at the 3'end of the genome (3’;NS 1-NS2-N-P-M-SH-G-P-M2-L-
5). In contrast, viruses in the genus Metapneumovirus lack the NS1 and NS2 genes
and the organisation of genes between the M-and L coding regions is different: 3’-N-P-
M-F-M2-SH-G-L-5". |
All members of the subfamily Paramyxovirinae have haemagluttinating activity, but

-20  this function is not a defining feature for the subfamily Pneumovirinae, being absent
in RSV and APV but present in PMV. Neuraminidase activity is present in members
of the genera Paramyxovirus and Rubulavirus (subfamily Paramyxovirinae) but is
absent in the genus Morbillivirus (subfamily Paramyxovirinae) and the genera
Preumovirus and Metapneumovirus (subfamily Pneumovirinae).

25 A second distinguishing feature of the subfamily Pneumovirinae is the apparent
limited utilization of alternative ORFs within mRNA by RSV. In contrast, several
members of the subfamily Paramyxovirinae, such as Sendai and Measles viruses,
access alternative ORFs within the mRNA encoding the phosphoprotein (P) to direct
the synthesis of a novel protein.

30  The G protein of the Prneumovirinae does not have sequence relatedness or structural

- similarity to the HN or H proteins of Paramyxovirinae and is only approximately half
the size of their chain length. In addition, the N and P proteins are smaller than their
counterparts in the Paramyxovirinae and lack unambigous sequence homology. Most

nonsegmented negative stranded RNA viruses have a single matrix (M) protein.




viruses in either or both directions (honol ogous-to-heterbl cydus280% er
ration of eight 25 or 16), distinctiveness of serotype is assurred if
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study is assuned.” 30 For RSV it is known that re-infection occurs in the
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nfect on ofngildie el 80t GHINPIRIS, IRGAMNES Wi Lh both 1 he
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true for hMWhen grouddnh:el]) nultb.gaé, mlanhbb@\dfﬂﬂ:é %mwmmadﬁiWic@OS

WO 02/ 057302 PCT/ NL 0 veal ed the reaction of ant i bodi es
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an equal Way(}dmnﬁla‘gga)wd hVPV ELI SAs. Fromthe nucleotide sequence
~-comnparisons; it is known that the viruses show about 80%am no acid -
honol ogy for the N, P, M and F genes. In ELISA's the N and Mproteins are
the 5 main antigens to react. Virus neutralisation assays (known to react .
agai nst the surface glycoproteins G SH and F) show a difference between
the two di fﬂ‘ble@mbfamib’Pnéumivg'haNﬁbmm BivBwmeovibess react in ELI SAs,

phyl og of the cleotide se uences of hMPV and APV, the
Tt or el es SRR V3r HRE Ametspafs elitE shots fBrdroracanLio e meny a&ﬁﬂlﬂ%ﬁmﬁﬁ t wo
di fferent vidusseslowdiespitaidiy frasiaNass duridpastans %.%a%@ly%ﬂuﬁo&@(ﬂ%ﬁ& hat
APV-C and hMPV are two different viruses. Based gn the results v

specul at e t b23OnkodAdiHen RN 15 lﬁcmm%rep%%wslsasm@n@mré@mna@geanzoonot i c
event fronb@ﬂei»gﬁu&&gm 'ﬁclu Bl it r%ﬁeﬁqﬂ@i&rﬁﬂ% %ﬁ[y&lb AdHRY (1.e
(0] I ras Zzoonot'l Cc

the G and SH roterns) at a return f manmal s
event seensRENI 1&hlﬁbwnmwmmrrﬂeauwgaftchmmummmﬂphvmﬂonidﬁmdsg 13 July

2005 G 02 0 (302 LS i ORiP 0 Vmn Rm AT M sy, 2000: Dowelt, 1996).

' Two major antigenic types for RSV (A and B) have been identified based on
differences in their reactivity with monoclonal and polyclonal antibodies and by
nucleic acid sequence analyses (Anderson, 1985; Johnson, 1987; Sullender, 2000). In
particular the G protein is used in distinguishing the two subtypes. RSV-A and B

20  share only 53% amino acid sequence homology in G, whereas the other proteins show
higher homologies between the subtypes (table 1) (Collins, 1996). |
Detection of RSV infections has been described using monoclonal and polyclonal
antibodies in immunofluorescence techniques (DIF, IFA), virus neutralisation assays
and ELISA or RT-PCR assays (Rothbarth, 1988; Van Milaan, 1994; Coggins, 1998).

25  Closely related to hRSV are the bovine (bRSV), ovine (0RSV) and caprine RSV
{oRSV), from which bRSV has been studied most extensively. Based on sequence
homology with hRSV, the ruminant RSVs are classified within the Pneumovirus
genus, subfamily Prneumovirinae (Collins, 1996). Diagnosis of ruminant RSV infection
and subtyping is based on the combined use of serology, antigen detection, virus

30  isolation and RT-PCR assays (Uttenthal, 1996;Valarcher, 1999; Oberst, 1993; Vilcek,
1994).
Several analyses on the molecular organisation of bRSV have been performed using
human and bovine antisera, monoclonal antibodies and ¢cDNA probes. These analyses

revealed that the protein composition of hRSV and bRSV are very similar and the
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classified within the Pneumovirus genus.

A distinet member of the subfamily Pneumovirinae, genus Prneumovirus is the

20  Ppeumonia virus of mice (PVM).
PVM is a common pathogen in laboratory animal colonies, particularly those
containing atymic mice. The naturally acquired infection is thought to be
asymptomatic, though passage of virus in mouse lungs resulted in overt signs of
disease ranging from an upper respiratory tract infection to a fatal ppeumonia

25  (Richter, 1988; Weir, 1988).
Restricted serological crossreactivity between the nucleocapsid protein (N) and the
phosphoprotein (P) of PVM and hRSV has been described but none of the external
proteins show cross-reactivity, and the viruses can be distinguished from each other
ri_n virus neutralisation assays (Chambers, 1990a; Gimenez, 1984; Ling, 1989a).

30  The glycoproteins of PVM appear to differ from those of other paramyxoviruses and

- resemble those of RSV in terms of their pattern of glycosylation. They differ, however,

in terms of processing. Unlike RSV, but similar to the other paramyxoviruses, PVM
has haemagglutinating activily with murine erythrocytes, for which the G protein
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NS1 87 68-69 &9 1

NSz |92 | 83-84 87 *

N 96 93 60

P - 81

M - 89

F 89 30-81 38-40

G 53 88-100 21-29 38-41 .60~62 *

M2 92 94 41

SH 76 45-50 b6

L

* No detectable sequence homology

The genus Metapneumovirus

Avian pneumoviruses (APV) has been identified as the aetiological agent of turkey
20 rhinotracheitis (McDougall, 1986; Collins, 1988) and is therefore often referred to as

pol ycl onal anti bodies and-by nucleic acid -
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Differences in neutralisation patterns, ELISA and reactivity with monoclonal
antibodies have revealed the existence of different antigenic types of APV. Nucleotide
20  sequencing of the G gene led to the definition of two virus subtypes (A and B), which
share only 38% amino acid homology (Collins, 1993; Juhasz, 1994). An APV isolated
from Colorado, USA (Cook, 1999), was shown to cross-neutralize poorly with subtype
A and B viruses and based on sequence information was designated to a novel
subtype, C (Seal, 1998; Seal 2000). Two non-A/mon-B APVs were isolated in France,
25  and were shown to be antigenically distinct from subtypes A, B and C. Based on
 amino acid sequences of the F, L and G genes, these viruses were classified again as a
novel subtype, D (Bayon-Auboyer, 2000). .
Diagnosis of APV infection can be achieved by virus isolation in chicken or turkey
tracheal organ cultures (TOCs) or in Vero cell cultures. A cytopathic effect (CPE) is
30  generally observed after one or two additional passages. This CPE is characterised by
scattered focal areas of cell rounding leading to synctyial formation (Buys, 1989). A
number of serology assays, including IF and virus neutralisation assays have been
' developed. Detection of antibodies to APV by ELISA is the most commonly used
method (O’Loan, 1989; Gulati, 2000). Recently, the polymerase chain reaction (PCR)
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Anderson, L.J, Hierholzer, J.C., Tsou, C., Hendry, R.M., Fernic, B.F., Stone, Y. and
McIntosh, K. 1985. Antigenic characterisation of respiratory syneytial virus strains
15 - with monoclonal antibodies. d. Inf. Dis. 151: 626-633.

Barr, J., Chambers, Pringle, C.R., Easton, A.J. 1991. Sequence of the major
nucleocapsid protein gene of pneumonia virus of mice: sequence comparisons suggest
structural homology between nucleocapsid proteins of pneumoviruses,

20  paramyxoviruses, rhabdoviruses and filoviruses. J.Gen.Virol. 72: 677-685.

Barr, J., Chambers, P., Harriott, P., Pringle, C.R. and Easton, A.J. 1994. Sequence of
the phosphoprotein gene of pneumonia virus of mice: expression of multiple proteins

from two overlapping rading frames. J. Virol. 68: 5330-5334.

25
Bayon-Auboyer, M.H., Jestin, V., Toquin, D., Cherbonnel, M, and Eterradosi, N.
1999. Comparison of F-, G- and N-based RT-PCR protocols with conventional
virological procedures for the detection and typing of turkey rhinotracheitis virus.
Arch.Vir. 144: 1091-1109.

30

Bayon-Auboyer, M.H., Arnauld, C., Toquin, D., and Bterradossi, N. 2000. Nucleotide
sequences of the F, L and G protein genes of two non-A/non-B avian pneumoviruses
(APV) reveal a novel APV subgroup. J.Gen.Virol. 81: 2723-2733.
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1724,

25  Coggins, W.B., Lefkowitz, B.J. and Sullender, W.M. 1998. Genetic variability among
group A and group B respiratory syncytial viruses in a children’s hospital. J. Clin.
Microbiol. 36: 3552-3557.

Collins, M.S. and Gough, R.E., Lister, S.A., Chettle, N. and Eddy, R. 1986. Further

30  characterisation of a virus associated with turkey rhiotracheitis. Vet. Rec. 119: 606.

Collins, M.S. and Gough, R.E. 1988. Characterisation of a virus associated with
turkey rhinotracheitis. J. Gen.Virol. 69: 909-916.
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sequence of the P protein of MPV isolate 00-1 or 99-1 as shown in Figure 21,
wherein sequence identity is determined over the entire length of the P protein;
(ii)  the amino acid sequence of the M protein of the isolated negative-sense single
stranded RNA metapneumovirus is greater than 87% identical to the amino acid
sequence of the M protein of MPV isolate 00-1 or 99-1 as shown in Figure 22,
wherein sequence identity is determined over the entire length of the M protein;
(iv)  the amino acid sequence of the F protein of the isolated negative-sense single
stranded RNA metapneumovirus is greater than 81% identical to the amino acid
sequence of the F protein of MPYV isolate 00-1 or 99-1 as shown in Figure 23,
wherein sequence identity is determined over the entire length of the F protein;
(v)  the amino acid sequence of the M2-1 protein of the isolated negative-sense single
stranded RNA metapneumovirus is greater than 84% identical to the amino acid
sequence of the M2-1 protein of MPV isolate 00-1 or 99-1 as shown in Figure 24,
wherein sequence identity is determined over the entire length of the M2-1
protein;
(vi) - the amino acid sequence of the M2-2 protein of the isolated negative-sense single
stranded RNA metapneumovirus is greater than 56% identical to the amino acid

sequence of the M2-2 protein of MPYV isolate 00-1 or 99-1 as shown in Figure 25,
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Claims 1. An kg kﬁée‘%@eﬂﬁ?%tde&%nﬁﬁﬁ%%?ﬂ@g hieSdeA e EYRERE apneuroui rus,

wher ei n éi.) the am no acld sequence o e’isol ated
negat i ve(Wahsthesmigd emdstquam:be:tf W{mtmpnﬂuhmmlamd negatige-sadsesirighean 88%

identical to the ,am acj d ence of tein of MPV isolate 00-1
or 99-1 as sh%%‘\ldf”ﬂkgﬁb \}H’fér‘se?ﬁat%‘g%lﬁ\%& ‘?“r!?é‘ﬁ% ite the; aniga eeid ni ned
over the entl§&u&1ﬁi&@fﬂ1€ﬂH?f&elﬁ|oPNﬁi\eisBlzxt&®Oio%b@l%rbl‘&ﬁv qu&%%ence of

the P.protein of the isolated negative-sense single stran

met apneunovi r §Berekn sgaeence identityris dgosmidehovar de ¢:m1r¢ lengthnif de SH pbteispquence
of the P protgin of MPV isolate 00-1 or 99-1 as shown in Figure 21,
wherein sequence identity is determned over the entire |length of the P

prot ei n; (i) i | theamnaumidceqaendd of GHUE pecteialof dsdhizd aéiiRe 9énsk Rgles ol at ed

negative-sense single stranded RNA metapneunpvirus 1s greater t han 87%

i dentical to {usad gﬁRN &\ metapneumovirus is greater than 29% identical to the amino acid
sequence of the G protein of MPV isolate 00-1 or 99-1 as shown in Figure 27,

wherein sequence identity is determined over the entire length of the G protein,

2. An isolated negative-sense single stranded RNA metapneumovirus, wherein the
negative-sense single stranded RNA metapneumovirus encodes at least two proteins of
the following:

(1) an N protein with greater than 88% amino acid sequence identity to the amino
acid sequence of the N protein of MPV isolate 00-1 or 99-1 as shown in Figure
- 20,
(i)  aP protein with greater than 68% amino acid sequence identity to the amino acid
sequence of the P protein of MPYV isolate 00-1 or 99-1 as shown in Figure 21;
- (i) an M protein with greater than 87% amino acid sequence identity to the amino
acid sequence of the M protein of MPV isolate 00-1 or 99-1 as shown in Figure
22;
(iv)  anF protein with greater than 81% amino acid sequence identity to the amino acid

sequénce of the F protein of MPV isolate 00-1 or 99-1 as shown in Figure 23;



sequence of the Mprotein of MPV isolate 00-1 or 99-1 as Ehowdyi A0F gure
22, wherein sequence identity is determ ned over the entire |length of the
Mprotein; (iv) the am no acid sequence;gf the F protein of the isolated
negati ve-sense single. stranded RNA netapneunovirus is greater than 81%
identical to the amno acid sequence of the F protein of MPV isolate 00-1
or 99-1 as shown in Figure 23, wherein sequence identity is determ ned
over the entire length of the F protein; (v) the ami no acid sequence of the
M2-1 protein of the isolated negative-sense single stranded RNA

met apneurf®Vi r 1 M2-1gresainerith preatcBiiin Bd%nimiina heit sedueacaidemityas il ansigluence
of the M2-1 pr in of Lsolate 00- r.99-1 as shown in Figure 24,
wher ei n sequenag%edesie eﬁ?‘?WF@%&P@WWW@M&O%%@‘&NFPP@ 3ISSHRVA B t he M2-1
protein; (vi) Rifiged#igro acid sequence of the M2-2 protein of the isolated
negative-sense single stranded RNA nmetapneunovirus is greater than 56%

i dent i cal(vPo taﬁé“%a‘ipﬁﬁeladﬁﬂﬂl greatguibae 56 BHfamihe adil s@uenat idemtitgto #Me\niis®| at e

~00-1-0or 99-1 as: i i 25,.. 13, Jul 0 10 erei-n sequence - -
identity is dg‘?lgr%%%é %fv[g%%gpgoi??f)gm&ﬁ%o&)‘% Hésﬁlgﬂﬁ Sﬁ‘b‘i”%i‘éi n; (vii)
t he am no aci Figeg2®nce of the L protein of the isol ated negative-sense

singl e ?t.t andegérl?NA met apneunovirus is greater than 90%identical to the
ami no acidy s@fddheleingyith grsater Hiag O8Phamaine prid spqusheg isleatity 1o g ahioan i n

Fi gure 28, whgggi ' t] ' i.ned overcthe entire |ength
of .the L prot gaislﬁ;sgh(u\?iﬁl ig téfigﬂé&ng%odftggﬂdﬁssogag%@%?gsg]?owgﬂ?éﬂlﬁ? ein of the
i sol at ed(vidyaen SH-wenevish prher thah 2agcaninBNAd REGRACS 1INyt thd fmigbeat er

t han 29%identi.8al to tt%e agkno a.ci(g sequence of the SH protein of MV

i solate 00-1 BFC &Y OIIheaH Rrofein; o MRV seplate Ofrd 05 98- lsasphewadn Fimm ity i s
determ ned oves; drhe entire length of the SH protein; or (ix) the amno
acid sequence of the G protein of the isolated negative-sense single

st randed(iRNA A&t RIpisinuwish greater Han@o@asminotahidse@8¥ee ilentiiyaalthd aminbacidni no

Iy Y e A L N TR T
of the Gwhemintsequende idbAtilySo et AinBE B it ertNRRgh I M EresidcANFtFAA
nmet apneunovi rus, wherein the
3. The isolated negative-sense single stranded RNA metapneumovirus of claim 1 or 2,
wherein
@) the N protein has at least 95% amino acid sequence identity to the amino acid
sequence of the N protein of MPV isolate 00-1 or 99-1 as shown in Figure 20;
(i)  the P protein has at least 85% amino acid sequence identity to the amino acid
sequence of the P protein of MPV isolate 00-1 or 99-1 as shown in Figure 21;
(iif)  the M protein has at least 97% amino acid sequence identity to the amino acid
sequence of the M protein of MPV isolate 00-1 or 99-1 as shown in Figure 22;
(iv)  the F protein has at least 97% amino acid sequence identity to the amino acid
sequence of the F protein of MPV isolate 00-1 or 99-1 as shown in Figure 23;
(v)  the M2 protein has at least 90% amino acid sequence identity to the amino acid
sequence of the M2 protein of MPV isolate 00-1 or 99-1 as shown in Figure 25;
(vi)  the L protein has at least 95% amino acid sequence identity to the amino acid

sequence of the L protein of MPV isolate 00-1 as shown in Figure 28;



negati ve-sense single stranded RNA netapneunovi rus encoded3 atullye@as®s t wo
proteins of the followng: (i) an N protein with greater than 88% am no
acid sequence identity to the amno acid sequence of the N protein of MV
isolate 00-1 or 99-1 as shown in Figure 16% (ii) a P protein with greater
than 68% am no aci d sequence identity to e amno acid sequence of the P
protein of MPV isolate 00-1 or 99-1 as shown in Figure 21; (iii) an M
protein with greater than 87% am no aci d sequence identity to the am no
acid sequence of the Mprotein of MPV isolate 00-1 or 99-1 as shown in

Fi gure  22ji) (ith} SHrprétejr ok at Rawi75M ghdotaeid dehadhcd kna#) 10 thaGhido ag@uence
identity to the am no cig_I sequence of the protein of MPV isolate 00-1
or 99-1 as shoWwA"§PRC ?f@ﬁls protein af MEW isolgty=)0-1 9r99-} ps showwpinFigire£6ior wi t h
greater t Gagﬁb' i o | {J . m.no _aci d ,sequence
of the W@?ﬂpﬁg%ei n %181 iﬁ/‘%\a}gllegﬁﬁg? ﬂﬁggﬂ?%g@rgeg%?nsfgé‘%ggﬂﬁo fi"}}mn&iaﬁl&r e 24; or
(vi) an M-2 pegtescqoibe & protat ef MiPVainola@00ahbngn-hak shaamdigae Rdent ity to

~t-he-am n aci d sequence.of the M- rqQtein of MPV isolate 00-1 or 99-1-as -
shown | n Wi SedBREER o te deliroicstouRh hriemtineength of themsspegimsmieio aci d
sequence identity to the amno acid sequence of the L protein of MV
isolate 00-1 as shown in Figure 28; (viii) an SH protein with greater than
29%%ani nolhgdidkatedargative senge pingleystrandadRIN Armhetepreeingvsegofariaim bér 2,he SH
protein qf e%Duy isolate 00-1 or 99-1 as shown in Figure 26; or (ix) a G
protein Wll} greater than 29% am no acid sequence identity to the am no
acid seqiencencN prdteinGap thetaiifio 8did MNeh&Othe NepBRird o OMPBisdiaRD0SHGWN i N
Figure 27, V\@srel n. sequence identity is determ ned over the entire length
of the respect?VedShavaimbizare 2fhe i sol ated negative-sense single stranded

RNA et apipeuneyd o B$edh hsd dil ; r el i) the ot ei s _at
| east QS%n‘i no a@dgéegéu%%g}gﬁo é:h‘f?etq?&?g 0? rﬁ[ge Igaﬁgoﬁ%mggw ggﬁtﬁmg%f the N
protein of MPY%ilsslshown @0 Figune 2B9-1 as shown in Figure 20;

(iii)  the M protein has the amino acid sequence of the M protein of MPV isolate 00-1

or 99-1 as shown in Figure 22;

(iv)  the F protein has the amino acid sequence of the F protein of MPV isolate 00-1 or
99-1 as shown in Figure 23;

(v the M2 protein has the amino acid sequence of the M2 protein of MPV isolate 00-
1 or 99-1 as shown in Figure 25;

(vi)  the L protein has the amino acid sequence of the L protein of MPV isolate 00-1 asl
shown in Figure 28;

(vii)  the SH protein has the amino acid sequence of the SH protein of MPV isolate 00-
1 or 99-1 as shown in Figure 26; or

(viii} the G protein has the amino acid sequence of the G protein of MPV isolate 00-1
or 99-1 as shown in Figure 27,

wherein sequence identity is determined over the entire length of the respective protein.

5. An isolated nucieic acid, wherein
(i) the nucleic acid encodes a protein comprising an amino acid sequence that is
greater than 95% identical to the amino acid sequence of the N protein of MPV
isolate 00-1 or 99-1 as shown in Figure 20;



(i1) the P protein has at |east 85% am no acid sequence i|Henullyy2005t he
am no acid sequence of the P protein of MPV isolate 00-1 or 99-1 as shown
in Figure 21; (iii) the Mprotein has at |east 97% am no acid sequence
identity to the amno acid sequence ofpd he Mprotein of MPV isolate 00-1
or 99-1 as shown in Figure 22; (iv) the F protein has at |east 97% am no
aci d sequence identity to the amno acid sequence of the F protein of MPV
isolate 00-1 or 99-1 as shown in Figure 23; (v) the M2 protein has at

| east 90% am no aci d sequence identity to the am no acid sequence of the M
protei n dfi) MP\hé mulleit eci@@ndodes a Pibidin @emptionp an AmimdueiEsedhence (it s t he L
protein has at |east 9 f@a 1 no . acid sequence identity to the amno acid
sequence of t HEACT R PR UW‘@P@@F’&’E‘%Z“G@S&W&@C&S@&%}P PrEpghMPYYLE: 13

Jul'y 2005 108sdimk 00-1tr®oShdhshalin ﬁ;g,?et@g. | east 75% ami no aci d sequence

identity to the am no acid sequence e SH protein of MPV isolate 00-1

or 99-1 &8i)shdhhnuckei¢-agjd erca@les a proteiq vomplising en Gnjroodcil seqhame diat iseast 75%
—am no-aci-d -sequence: i ify.to the anino.acid sequence of f{he rot ei n-of
MPV i solate O -?965&@8%% éiexgﬁ’g%&ieﬁ"ﬁ“bﬁﬁ‘ SW?“"%@%MP‘%@%&% dentity
is deterni nediwllﬁéO@-}lQ}rQDIlids%hbﬁﬂ%ﬁ%ﬂfeiﬂ}e respective protein. 4. The
i sol ated negative-sense single stranded RNA netapneunovirus of claim1l1 or

2, wher &ivh ( ithe queleinngid ercores hprotein compiising a hulivewidsegecnch takispr ot ei n - of

MPV i sol ate 0Q- 1.4as.. in.Fiqure 20: (. he P }n has the
anino acid se ueé%eggl ag?,lgl? & I%a?g\,@?ﬁméqo%ﬁiﬁ?%g?cggoéﬂ%foéﬂmb?nggw as shown
in Figure 21; isplaté §0-1 loe 9M1paschewn ihBigutd®s; am no aci d sequence of the M
protein gf VP iriﬂatecggo-l or 99-1 as shown in Figure 22; (iv) the F
protein s t e PREodes Riedn epmptikng-aneping;asidsequanve thabisat e 00- 1 or

99-1 as shown gichicFisGHIORo2 dendoh) o B oMo LR SlafleflB% MBI AR A Mg cauence

of the M2 protein of MPV Isolate as s gure 25; (vi)
the L prot ei nisobte Ak onAP1ims abowin aebjgarecdd; of the L protein of MPV isolate

0082 A e e i 5t S 2R s
greater than 95% identical to the amino acid sequence of the L protein of MPV
isolate 00-1 as shown in Figure 28;

(vii)  the nucleic acid encodes a protein comprising an amino acid sequence that is
greater than 75% identical to the amino acid sequence of the SH protein of MPV
isolate 00-1 or 99-1 as shown in Figure 26; or

(viii) the nucleic acid encodes a protein comprising an amino acid sequence that is
greater than 75% identical to the amino acid sequence of the G protein of MPV
isolate 00-1 or 99-1 as shown in Figure 27.

- 6. An isolated nucleic acid, wherein
(i) the nucleic acid encodes the N protein of MPV isolate 00-1 or 99-1 as shown in
Figure 20;
(ii)  the nucleic acid encodes the P protein of MPV isolaté 00-1 or 99-1 as shown in
' Figure 21;
(ii})  the nucleic acid encodes the M protein of MPV isolate 00-1 or 99-1 as shown in

Figure 22;




1 or 99-1 as shown in Figure 26; or (viii) the G protein basiulye28f%vno acid
sequence of the G protein of MPV isolate 00-1 or 99-1 as shown in Figure
27, wherein sequence identity is determped over the entire length of the
respective protein. 5. An isolated nuclfeic acid, wherein (i) the nucleic
acid encodes a protein conprising an am no acid sequence that is greater
‘than 95% i dentical to the am no acid sequence of the N protein of MV
isolate 00-1 or 99-1 as shown in Figure 20; 13 July 2005 109 (ii) the

nucl ei c acid encodes a protein conprising an am no acid sequence that is
greater t(han 8bemidienadidahcades thed® proteirofMPY isslape ©@0cko0d9-1 heshowmoihei n of
MPV isolate 8;0-1 2% 99-1 as shown in Figure 21; (iii) the nucleic acid
encodes a pro aFtfe mprising an am no acid sequence that is greater than
97% i dent(yral thOnidi8c il B ' 0§ el Bo Gf i.sol ate
00-1 or gg)-tl as shown in %Ggﬁéglegggﬁ(i V) Ot? eﬁﬁg%ﬂ@ggf%gnaéo %%nglspr otein
conpri si ng anTagHmaddaci d sequence that is greater than 97%identical to

~the -amn ci 2nce; of  the.F.protein.qgf { . isolate 00-1 or 99-1 as
shown i n?@gu?}ées%ﬁ{]%c)ld predstedy %mgfé'f ﬁl@%&/’é@ﬁg{eé}ﬁb}rﬁ W“d’&ﬁ]‘:ﬁ”?%%ﬁg an

am no aci(vii)s eguenetid fvid chddeghe MLprotdior PPV ikslarioochbr 901 bhghar 0 aci d

sequence of the M2 protein of MPV 1solate 00-1 or 99-1 as shown in Figure

24; (vi) the hUBYe?® %ci d encodes a protein conprising an am no acid
sequence iRt meSuclEERt ' ' tq the amano acid sequence of
the L prc()tlel?n of u@f&ﬁcﬁ%qégtﬁ%g?%ﬁﬂg%%g%ﬁmﬁ\ﬁ ‘%&ﬁegﬁrg" ;lé‘%f“r%‘“} e nucleic
aci d encodes &igwo2®i n conprising an anino acid sequence that is greater
than 75% i dentical to the am no acid sequence of the SH protein of MPV

isolate 00-1 or 99-1 as shown in Figure 26; or (viii) the nucleic acid

encodes Anih@d RuABERESHAGeRthE Holfodiildbic KM ARGl A TpedificafifALET than

75% identical to the am no acid sequence o prote sol ate
00-1 or bmhptingestuepditions WithuhenRleic 6cid Afichswb at 6d nucl ei ¢ aci d, wherein

8. The isolated nucleic acid of claim 7, wherein the nucleic acid is at least 10 nucleotides, at
least 25 nucleotides, at least 40 nucleotides, 18 nuclectides, 19 nucleotides, 20
nucleotides, 21 nucleotides, 22 nucleotides, 24 nucleotides, or 25 nucleotides long.

9. An isolated nucleic acid, wherein the nucleic acid comprises the nucleic acid of claim 5,
6, or 7 and a second nucleic acid, wherein the second nucleic acid encodes a proteixi of a
paramyxovirus other than mammalian metapneumovirus,

10. A vector comprising the nucleic acid of any one of claim 5, 6, 7, 8, or 9.

11. A host cell comprising the nucleic acid of claim 5, 6, 7, 8, or 9, or the vector of claim 10.

12. Anisolated negative-sense single stranded RNA metapneumovirus, wherein the genome

of th_c virus comprises the nucleotide sequence of claim 5, 6, 7, 8, or 9.

13.  An infectious chimeric virus, wherein the chimeric virus comprises

(a) at l¢ast two contiguous kilobasepairs of the virus of claim 1, 2, 3, 4 or 12; and



(i) the nucleic acid encodes the N protein of MV isol at el®C0rllyoR099-1 as
"shown in Figure 20; (ii) the nucleic acid encodes the P protein of MV
isolate 00-1 or 99-1 as shown in Figure 21; (iii) the nucleic acid encodes
the Mprotein of MPV isolate 00-1 or 99411 as shown in Figure 22; 13 July
2005 110 (iv) the nucleic acid encodes the F protein of MPV isolate 00-1
or 99-1 as shown in Figure 23; (v) the nucleic acid encodes the M2 protein
of MPV isolate 00-1 or 99-1 as shown in Figure 24; (vi) the nucleic acid
encodes the L protein of MPV isolate 00-1 as shown in Figure 28; (vii) the
nucl ei ¢ abhd enweqaterebhe dffdrediigi,n of MPV isolate 00-1 or 99-1 as shown in
Figure 26; or (viii) the nucleic acid encodes the G protein of MPV isolate
00-1 or 99-1 as shown in Figure 27. 7. An isolated nucleic acid, wherein

t he jizsol e i.d. nid.zes ecifi.cal |l y unde hi gh stringent
condﬂi4t' i o%éﬁ\%f %kﬁ%{lﬁgﬁﬁ%g‘: g}rgéig‘f:hleﬁ“'%&e@ﬁgﬁﬂ%wﬂﬁs CSX'P ses g‘?‘%’%leélf & nucl ei c
aci d of climis of Aaimbe2, &, B ok 12, wheéigiosie 8Eindrd oF tAé o &ﬁ@édiﬂé)ﬁ-gﬁgé £Qhd des, at
~}-east 25 nucl eoti des; -at | east 40 nucl eotides, 18 nucleotides, 19 -- - -
nucl eot i &S hays begp Eenlased fu she gnplagguy epsnirarding frame froewt AB¥ sy RSV .

nucl eoti des, or 25 nucleotides long. 9. An isolated nucleic acid, wherein
the nucleic acid conprises the nucleic acid of claim5, 6, or 7 and a
secdfd nuel festions chimetievisis) whbreis e chithericolifk Compiiths BCQMBMedf BE Ot €i n of a
pafanyxo%hﬁy§wother t han ma | i an mef apneunoyvirus. 10. A vector conprising
the nucl éhc’ AUIIFIRPRG AT BRE Qfhe.ppenfeasiingsirapes ig the,gengmerof theAR¥dave el |

conpri Si beer fRplabiChEihe i f, | , [ he vector of

cl ai m 10. 12.p An i)gttl)ll aatﬁée]g%llfgéjgﬁ \?/ég@ggnsagneﬁ%raﬁ%mﬁp?lgaﬁ ethRNA

met apneunovi rus, wherein the genone of the virus conprises the nucleotide

segygnce i 8, e Ly . 8 9 1@ An i.nfectious chingeric virus,
\/\he"rllg'i n 'E[ﬁé Vg’{!f?érrfggrn ?(? n\g of ﬁlémﬁso]r’r% Psbar yhgrein thevirus isa reeembiarssad
Ki | obasepwdmusatedfvirufle virus of claim1, 2, 3, 4 or 12; and 13 July 2005

17. The virus of any one of claims 1,2, 3, 4 or 12, wherein the virus is capable of infecting a

human cell,

18. The virus of any one of claims 1, 2, 3, 4 or 12, wherein the virus is capable of infecting a

mammalian cell.

19.  Animmunogenic composition, wherein the immunogenic composition comprises the

virus of any one of claims 1, 2, 3, 4 or 12. :

20.  Anisolated protein, wherein the protein comprises:
(1) an N protein with greater than 88% amino acid sequence identity to the amino
acid sequence of the N protein of MPV isolate 00-1 or 99-I1 as shown in Figure
20;
(i)  aP protein with greater than 68% amino acid sequence identity to the amino acid

sequence of the P protein of MPV isolate 00-1 or 99-1 as shown in Figure 21;



111 (b) a sequence of a different virus. 14. An infectious3gimbye2P@5virus,
wherein the chineric virus conprises the genone of the virus of claiml,
2, 3, 4 or 12, wherein one or nore of the open reading frames in the virus
have been replaced by the anal ogous opgp reading frame froman APV or RSV.
15.. An infectious chineric virus, wher A the chineric virus conprises the
genone of an APV, wherein one or nore of the open reading franes in the
genonme of the APV have been replaced by the anal ogous open readi ng franme
from mamual i an MPV. 16. The virus of any one of clains 1, 2, 3, 4 or 12,
wherein t(hg vianM prateia withcgradierthnt 820 dmind i seajueste\iddntisy tolte ahi® Vi rus of
any one of claiﬁg 1, 2, g ﬁdor 12, mh%;eigrthe virus is capabl e of
infecting a RGWSRAEEFE of thg M migtery pf MPVopsolaie 00 her 9%-1 @ shaw ip Figurez 4 or
12, wherein the.virus is capable of infecting a mammalian cell. 19. An

i mmunogeni ¢ conposi tion, wherein the imunogeni c conposition conprises the
vi rus of (&hy ené& mpted withrgreater than 81 %4ansino 32id sequendmidestitly &b thet apriod adid,

~-wher-ei-n the pr in ises:  (i),an ei ith-greater than 88% am no
acid sequenceslg(ii"%ﬂﬁ?C'ﬁﬂ%)gPf‘ﬁ%’“&ﬁ”?o\?wgg“gb@i&ﬁQ?n‘\ﬁ‘élsélf‘ %E‘ﬁgﬁb‘?e%éi n of MPV
isolate Q@1 an M21bratsinSitiedtdr thhf84% amdfl adid sdquend? iBERAFINhWaidingr €at er
than 68% am no acid sequence identity to the amno acid sequence of the P
protei n of MPY¥cidsequenee oitha M1 poptein € MNGisnlate 001 guPe 124 shovdr il y 2005
112 (iii) an Mag%é)ﬁfio? with greater than 87% am no acid sequence identity
to the am no c1 d sequence of the Mprotein of MPV isolate 00-1 or 99-1 as
shown i n(H) guar M22 prdtéiu with gréai@ibire5 6% Whiifo &i@edqaendehadhiBil o tbebmmeaci d
. sequence identi_hy to the anjpo. acid sequence of the F protein of MV
i solate 00-1 B8fidgeAupneesof %MHWOFGI@GFM%Q@%SO@%%hOW-l%ﬁwlﬁ Wit h
greater than ﬂf’gt%@ﬁ,”o acid sequence identity to the amno acid sequence
of the M2-1 protein of MPV isolate 00-1 or 99-1 as shown in Figure 24; or
(vi)  an L protein with greater than 90% amino acid sequence identity to the amino

acid sequence of the L protein of MPV isolate 00-1 as shown in Figure 28;

(viii) an SH protein with greater than 29% amino acid sequence identity to the amino
acid sequence of the SH protein of MPV isolate 00-1 or 99-1 as shown in Figure
26; or

(ix)  aG protein with greater than 29% amino acid sequence identity to the amino acid
sequence of the G protein of MPV isolate 0:0—1 or 99-1 as shown in Figure 27,

wherein sequence identity is determined over the entire length of the respective protein.

21.  The isolated protein of claim 20, wherein

i) the N protein has at least 95% amino acid sequence identity to the amino acid
sequence of the N protein of MPV isolate 00-1 or 99-1 as shown in Figure 20;

(i) theP protein has at least 85% amino acid sequence identity to the amino acid
sequence of the P protein of MPV isolate 00-1 or 99-1 as shown in Figure 21;

(iii)  the M protein has at least 97% amino acid sequence identity to the amino acid
sequence of the M protein of MPV isolate 00-1 or 99-1 as shown in Figuré 22;

(iv)  the F protein has at least 97% amino acid sequence identity to the amino acid

sequence of the F protein of MPV isolate 00-1 or 99-1 as shown in Figure 23;



(vi) an M2-2 protein with greater than 56% am no acid sequenbeyi dedtity to
the am no acid sequence of the M2-2 protein of MPV isolate 00-1 or 99-1 as
shown in Figure 25, (vii) an L protein with greater than 90% am no acid
sequence identity to the amno acid sequence of the L protein of MV
isolate 00-1 as shown in Figure 28; l{¥iii) an SH protein with greater than
29% am no acid sequence identity to the am no acid sequence of the SH
protein of MPV isolate 00-1 or 99-1 as shown in Figure 26; or (ix) a G
protein with greater than 29% am no aci d sequence identity to the am no

acid seguencencO¥2 phsteiphps atleist 90% Mo hé&idkéfuenéddnty tPfe hnfigo &di@Wn i n
Figure 27, wherein sequence identi t]\(,_i s determ ned over the entire |l ength
4

of the respecffdpengsrihs M2 protein of MPY denlaie 88- 15w §Pek 35 Howal i FigupD25wher ei n
(1) the N;protel P ' i i ty:§o0 the

am no aciNP sggéuﬂeﬂ%gé%?&t;ﬁz&%%%t ern %a%@%@%@%ﬁy@&bg&gﬁﬂoﬁﬁ as shown
in Figure 20; seduende df tiee Pppiteihef MM sokite (@293 si8ot imTipae@8; d sequence
~i-denti ty t.@ tt}'erﬁa[%i no .aci d ?e u_F ce of ‘the P protein of MV isolate 00-1 or -
99-1 as $HBwn e PR st legpt %W‘M‘ PSR 1RO e 88¥RRS ani no

aci d sequencesddiefilel Jf Yhd SH pRsteid Bf MP P edothte 689! ??9@ RV iMFRLA R; B OF MPV
isolate 00-1 or 99-1 as shown in Figure 22; (iv) the F protern has at |east
97% ami névikiti thede piotgie bas atdenst 13% nninharid sdguoncadiahtits ofhe aménoodcid he F

rotein of MPV isola -1 .or -1.a h i Ei e 23:.13 J 2005
D18 Cv the NPUBEERF et plordin NV SUTEN T ot dal R SheuE i BEied o to ¢ he
am no acmerem?@a@e idehtity e dbRrrivined smt@éerhﬁ-’éllehg%al oFlee RGpektiQ€ pfotkid. as shown

in Figure 25; vi) the L protein has at | east % am no aci d sequence
identity to the amno acid sequence of the L protein of MPV isolate 00-1

as Qf'OWnThQisgiaﬂ:‘dip??t%ﬁéqg(gYJirh)zot Q,ﬁe protein has at |east 75% am no acid

sequence I dentrt am nod aci sequence of the SH protein of MV

i solate (AP-1 e Nfrofeimbasshewmiroackd @guencd6f therN pfotih of MI isoldes 00-¢i n has at
| east 75% am no_aci d sequenge identity to the am no acid sequence of the G
protein of MYV Psbrsthevaontigredd 1 as shown in Figure 27, wherein

sequence(ijydenthb PhrbRindl M Udad afM&EqddiBe SthE PHrOERAFMPY ibdlfe0BSIPGSL i Ve
protein. "22. The isolated proteln o? clarm %g V\[)%er ein
' 99-1 as shown in Figure 21;
(iti)  the M protein has the amino acid sequence of the M protein of MPYV isolate 00-1
or 99-1 as shown in Figure 22;
(iv)  the F protein has the amino acid sequence of the F protein of MPV isolate 00-1 or
99-1 as shown in Figure 23;
(v)  the M2 protein has the amino acid sequence of the M2 protein of MPV isolate 00-
1 or 99-1 as shown in Figure 25;
(vi)  the L protein has the amino acid sequence of the L protein of MPV isolate 00-1 as
shown in Figure 28; |
(vii)  the SH protein has the amino acid sequence of the SH protein of MPV isolate 00-
1 or 99-1 as shown in Figure 26; or
(viii) the G protein has the amino acid sequence of the G protein of MPV isolate 00-1
or 99-1 as shown in Figure 27,

wherein sequence identity is determined over the entire length of the respective protein,

23.  Anantibody, wherein the antibody binds specifically to:



(i) the N protein has the am no acid sequence of the N prbieludyoR00pPV
isolate 00-1 or 99-1 as shown in Figure 20; (ii) the P protein has the

am no acid sequence of the P protein of MPV isolate 00-1 or 99-1 as shown
in Figure 21; (iii) the Mprotein hasl4he anino acid sequence of the M
protein of MPV isolate 00-1 or 99-1 as shown in Figure 22; (iv) the F
protein has the am no acid sequence of the F protein of MPV isolate 00-1 or
99-1 as shown in Figure 23; (v) the M2 protein has the am no acid sequence’
of the M2 protein of MPV isolate 00- 1 or 99-1 as shown in Figure 25; (vi)

the L praotiei n 4mas ptdeinalit hes /dé:6t $5% WRiESa@d sédi@nde iﬂéxﬁ&ﬁwﬂlefan&{%Vaéiéol ate
00-1 as shown in Figure 28; (vii) the SHQ%reot ein has the am no acid
sequence of t HEI§HCHPhiheMpgte: Yoisalpte (9ol on9%bd agshawmin Bgew20i n Fi gure

26; or (Vi) . j £ A0 AL equence of the G protein of

MPV i sol a(ltn?a Ooafﬂiﬁr Oc%lgggd% %ésra]tast S %%A#e?ﬁmfll a%h‘?geq #Cc\c/i\ﬁe ?‘EX W%ﬁﬂﬂ&’rﬁ’c&gﬁi dentity

i s det erni ned sequenct bfthe Pyirotein &PW isiflate D6- Ir @9eL hd showariAt Bipie 2123. An

—anti-body, ..\ ereié@- t he. g{gt i body bi nf{z specifically to: 13 July 2005 114 (i) -
an N prot@n 31d¥ profeinthathas atleast 97 % anieo acid geanshercdentity de teianying arid he

am no acid segspRe€oPhe i W Vj | at - 1: O 99-,1, as shown

in Figure 20; ii) aP g?gﬁo&lﬁﬁf%ﬁwﬁg%@i@ H‘a’gg% qggéo%&hngﬁlggﬁ%&%éequence

identity (f9 t e Eprotein el ks stlyas 998 arhinpheidReguanice identify dyithé asinbatid 00- 1 or

99-1 a hown _i n Fi 1. (0l n tein that has at_ |east 97% am no
aci d quEence S%’ gﬁ%“?ﬁ}ﬁ?g Plr?{glgmeés&q%gb@'édz;ﬁgﬁ"c]easoqpof"aé“ %‘F‘bf%i n of MPV
i sol ate @Oy 1 ah MDpibtds tRbBANt idsFI bRk icid $0qheRR iEexﬁ’ngo%Qaﬁﬁ}ﬁat has at

| east 97% ami no_aci d sequence identity to the am no aci sequence of the F
protein of MPYcidsegupnec olghe My protein oMPYhisolatei 49- Foy2R-& ag Showr( in)Figure M2-
protein that hags at |east 90% ami no acid sequence identity to the am no
aci d sequence of the M2 protein of MPV isolate 00-1 or 99-1 as shown in
Figure £6) (whL moteln thadiaeianleadi@5%aninatacidesqicnds eariyne tacimbing agidence
identity to the am ng 1;;1cid ) )
_ sequence of the L protein of MPV isolate 00-1 as shown in Figure 28;
(vii)  an SH protein that has at least 75% amino acid sequence identity to the amino
acid sequence of the SH protein of MPV isolate 00-1 or 99-1 as shown in Figure
26; or
(viii) a G protein that has at least 75% amino acid sequence identity to the amino acid
sequence of the G protein of MPV isolate 00-1 or 99-1 as shown in Figure 27,

wherein sequence identity is determined over the entire length of the respective protein,

24.  An antibody, wherein the antibody binds specifically to:
6y the N protein of MPV isolate 00-1 or 99-1 as shown in Figure 20;
(i)  the P protein of MPV isolate 00-1 or 99-1 as shown in Figare 21;
(ifi)  the M protein of MPV isolate 00-1 or 99-1 as shown in Figure 22;
(iv)  the F protein of MPV isolate 00-1 or 99-1 as shown in Figure 23;
() M2 protein of MPV isolate 00-1 or 99-1 as shown in Figure 25;
(vi)  the L protein of MPV isolate 00-1 as shown in Figure 28;
(vii) the SH protein of MPV isolate 00-1 or 99-1 as shown in Figure 26; or
(viti) the G protein of MPV isolate 00-1 or 99-1 as shown in Figure 27.



sequence of the L protein of MPV isolate 00-1 as shown i nltFidpye2285 (vii)
an SH protein that has at |east 75% am no acid sequence identity to the

am no acid sequence of the SH proteinqaf MPV isolate 00-1 or 99-1 as shown
in Figure 26; or (viii) a Gprotein that has at |east 75% am no acid
sequence identity to the amno acid sequence of the G protein of MV
isolate 00-1 or 99-1 as shown in Figure 27, wherein sequence identity is
determ ned over the entire length of the respective protein. 24. An

anti body, wherein the antibody binds specifically to: (i) the N protein of
MPV 250! ahanéiBod ofdet@Ping adSanSASR m&afd&ﬁ{o%lraé)mas(a'rd[p\l Wi‘l@rel?n Megh&hdy of MPV
isolate 00-1 or 99-1 as shown in Figure 21; (iil) M protein of MPV

i sol at e OPMMPTEES gentacting therwimple witlrihpiansibody of ¢lain) 23 re24-opwith einmclefc MPV

i solate O S own in Figure 23; (v) M protein of MPV isolate
00-1 or %%op&al%ﬁg\/]gﬁ%r%ls igure 25; (vi) the L protein of MPV isolate 00-1
as shown in Figure 28; (vii) the SH protein of MPV isolate 00-1 or 99-1 as

-l gur . or
showf™ i n 'E?‘-‘g‘E}P Oé?f clain aémyh%@ﬁw mathod sompyises erplifiestionef aucleisgcidsmammal i an
met apneunovirus in a sanple, wherein the method conprises contacting the
sanple with the antibody of claim23 or 24, or with a nucleic acid of
cl ai#d.5, Bie mgthod oBclain625, ierein tHeadethbd comprized PCRier ei n t he nmet hod
conprises anplification of nucleic acids. 27. The nethod of claim 25,
wherein the nethod conprises PCR 28. The method of claim25, wherein the
manmzy. i arrH¥YethSd 8f 14iReDs, MiNrei the M Bhn | L% qqeyn the viral
isolate is identifiable with a method accor ngto alm 25 as a mammal i an
negati ve-sense single stranded RNA virus within the sub-famly

pnewgovi r m ra XOV, I i dentifiable as

phy IL'Iiogg:;)ene P@%I ?glatteg‘glrl%rgglpdé% Nintl s fsl‘ilge‘btga}ﬂg? ng? glﬂﬁ‘c?\???‘ﬂ’élg taglaim et hod
for ser ol26gis @ahdmmeiigom@atingscasdiiigle @ir@&detlQINAﬁmﬁs QR Hf’thc Sm%hﬁlén said -

met hod conprises, detecting in a sanple fromthe mamm reseénce of an

anti body PrEgERiFeae] the qulbbf’@amagmzrﬁé@e 24 iNenvifiablecas mbmogmetltﬂbr eof by
reacting cgak Oﬁﬁﬁgltgﬁgéfﬂusﬁ%pg%gﬁrﬂs of any one of clains 20, 21, or 22

or a virus o 16 or a

30. A method for serologically diagnosing a MPV infection in a mammal, wherein said
method comprises detecting in a sample from the mammal the presence of an antibody
specifically directed against an MPV or component thereof by reacting said sample with
the protein of any one of claims 20, 21, or 22 or a virus of claim 1,2,3,4,12,0or l6ora

- portion thereof.

31. A pharmaceutical composition, wherein the pharmaceutical composition comprises a
pharmaceutically acceptable carrier and one or more of the following:
(i) the isolated mammalian negative-sense single stranded RNA virus of claim 1, 2, 3, 4,
12, or 16 or a portion thereof;
| (ii) the nucleic acid of claim 5, 6, 7, or 9 or a fragment thereof;
(iii) the protein of claim 20, 21, or 22 or a fragment thereof: or -

(iv) the antibody of claim 23 or 24 of a fragment thereof.

32. A diagnostic kit for diagnosing an MPV infection comprising:

viii) the G protein of MPV isolate 00-1 or-99-1-as



~-nuecl ei-c-acid_ of ¢

portion thereof. 31. A pharnmaceutical conposition, wherei®3thdy 2005

phar maceuti cal conposition conprises a pharmaceutically acceptable carrier
and one or nore of the following: (i) the isolated mammal i an negati ve-sense
single stranded RNA virus of claiml, 2,,3, 4, 12, or 16 or a portion
thereof; (ii) the nucleic acid of claim5, 6, 7, or 9 or a fragnent
thereof; (iii) the protein of claim?20, 21, or 22 or a fragnment thereof;
or (iv) the antibody of claim23 or 24 of a fragnent thereof 32. A

di agnostic kit for diagnosing an MPV infection conprising: 13 July 2005
116 (i) t{ipthe ssladPlaBRATER héPaiv&Ialst iy &%&%ﬂdeﬁ'mA%ﬁE BPﬁlQﬁHl% yirus of
claimi1, 2, 3, 4, 12, or 16 or a portlon t her eof; e nucl’ef ¢’ acid of
cI aim 5 6, 7,1%pr b6 ofa portipadheset: t hereof ;  (iii) the prot ein of claim 20,

or t t he antibody of claim23 or 24 or
a fragrre i) %%F%%%ggggo iﬂﬁngb{sat’ 9#&#&5&“&% %t?i ve-sense single
stranded Wmlpi'mtsmai'fctahxﬁl.’zm 11, &ZZ%Iaﬁagﬂntm&Eoﬂﬁr or a portion thereof; a
or 9 or fragnent thereof; a -protein of

cl ai m 20, (lﬂlﬂ‘e&}:‘tﬂﬂfy&ffCliﬂmr@g%‘r@ﬁt()fﬁﬁ@gwm theggofant i body of claim 23 or 24 or
a fragment thereof; or a pharmaceutical conposition of claim31 for use as
a nedi cament. 34. Use of an isolated mammal i an negative-sense single
st r added z‘RNmolatadlmaroﬂnalidegaﬁve-ﬁ:nsSsmglé,stré\.lﬁicd(RNA@lrﬁﬂ oficlpigt 1, )3, 4hereof; a
nucl ei ¢ aci,d of cl or 9 or. a fragrrent thereof; a protein of
claim20,° i% or 8190'55"1 erﬁ“%&t}ﬂ%ﬁﬁ%“d@r"@é@ 5, an’. SR PiBadipesrentibsierf 23 or 24 or
a_f r agmybtei TR 20021, dr DDRF TRGSHichCbres TRARIBdd a90f aifi23'daAbe hor L he
manuf acture of a medicanent for treatment or prevention of a respiratory
i || ness. B@mensidewsdf; on aphaimacedicahoompasitiond ghinn\3é -forumsas aimgliensihr.anded
RNA virus of claiml1, 2, 3, 4, 12, or 16 or a portion thereof; a nucleic
acid of claim5, 6, 7, or 9 or a fragrrent thereof; a protein of cl aim 20,
21, 3dr ZZJserofanisbwmﬂﬁmhﬁﬂﬁlﬁﬁégau&@s@ﬁE b#ﬁg@ﬁuﬁﬁd&llmmv%%s f clathn @12, %
f ragment thereof or phar maceuti cal conposition of claim31 for the
manuf act Jr 26K 1§or ﬁﬁaﬂ@&ﬁhﬁw& anueleiszci tcla:mfpﬁe’i/ewwmmfmgr@m émeaﬁ
di sease. f i.an ey in a
l

sanpl e, Wﬁ)g? gilﬁnd}‘f[é?]agﬂ%& %{58?%2%?7%?%%@%9%%% o AnBa R R %'t 34l

fragment thereof; or a pharmaceutical composition of claim 31 for the manufacture of a

medicament for treatment or prevention of a respiratory illness.

35 . Use of an isolated mammalian negative-sense single stranded RNA virus of claim 1, 2, 3,
4, 12, or 16 or a portion thereof; a nucleic acid of claim 5, 6, 7, or 9 or a fragment thereof;
a protein of claim 20, 21, or 22 or a fragment thereof; an antibody of claim 23 or 24 ora
fragment thereof; or a pharmaceutical composition of claim 31 for the manufacture of a

medicament for treatment or prevention of an avian disease.

36. A method for detecting 2 mammalian metapneumovirus in a sample, wherein the method
comprises:
(i) contacting a cell with the sample;
(i)  monitoring the cytopathic effect on the cell, if the cytopathic effect is similar to
the cytopathic effect of hRSV or hPIV, then
(1i1)  testing for the presence of PIV, influenza virus, and RSV,



(i) contacting a cell with the sanple; (ii) nonitoring thel chilgpadth c
effect on the cell, if the cytopathic effect is simlar to the cytopathic
effect of hRSV or hPlV, then (iii) testing for the presence of PlV,
influenza virus, and RSV, 13 July 2003 ,,117 wherein, if PIV, influenza
virus, and RSV are not present in the sanple, then the mamualian

nmet apneunovirus is in the sanple. 37. A nethod for detecting a human

nmet apneunovi rus in a sanple obtained froma hunan, wherein the nethod
conprises: (i) contacting a cell with the sanple; (ii) nonitoring the

cyt opat hivcheedif,dEPT\onnflkenzz einis, and RENeare pdtqpesehi ia tisf faemle, ititenstheri | ar to  the
cytopathic effect of hRSV or hPlV,. then gl_ni') testing for the presence of
hPIV type 1, HE™RM? SapHCHDQVIULIS Iy thery Bict ype 4, hRSV, influenza virus
type A and influenza virus type B, wherein, if hPN type 1, hPIV type 2,

hPI'g7! YDA etHoRIM devdRing a hiR@Y metdpubitREVvirhs\th b YSmpleoBRifdaRsn h Aln#enza virus
type B are not present In the sanple, then the human netapneunovirus is in

~the  sanpvheregthegthedenmprises:det ect i ng a marmal i an met apneunovirus in a
sanpl e, erei ne rises: (i) contacting a cell with the
?ﬁ cgntg%lg'l .aéeﬂ ith t?lgggrg%][%

sanpl e; i) noni ng the cy hic effect on the cell, if the

cyt opat hi(ig) ef hemitoiisg therdytopathiceffdchen tiglcepat eCyeiph®ied efedet RERMMlAN0 hPI V,
then (iii) testing fqr the presence of Paranyxovirinae, hPIV type 1, hPIV
type 2, hPN t {5eyiopa fecy pEhBSY o8 hBEY, ety us, sinian virus type 5,

New- Cast | di i Q@QP i} o ipah virus,
Hendr a v!(i?il)Js, %ﬁ%%f"\éﬂ?n ls an I\I/gg %%Hﬁw&@@m@?@ﬁ{ﬂﬂ%@%ﬁm ri nae,
hPI'V type 1, hRSYV, influen, vituRiypetA prd BiflubilaVituy ped3, sendai  virus, siman
virus ty S, N st jsease. vitys, hR norbi ) li_virus, munps virus,
Ni pah vi ?’E’gfe“lﬁlgﬁﬁgr&a type ﬁstﬂ; Iﬁt ey Qa\@wwegﬁwﬁl %B@&A@L]sﬂ/ug’ﬂ&?@aﬁ’é‘f‘s present
in the sanpl erygbheimd RAudBIWRL e@é_r@ﬂﬂ?ﬁf@&ﬁtfﬂﬁehﬁnﬁl@,&&?th%ﬁﬁﬁﬂaﬁ- 39. The

met hod of clai'm 36, 37, or 38, erein the cytopathic effect iIs
char act er i zedmg{apneumovirus is in the sample.

38. A method for detecting a mammalian metapneumovirus in a sample, wherein the method
comprises: ,
® contactih'g a cell with the sémple;
| -(ii)  monitoring the cytopathic effect on the cell, if the cytopathic effect is similar to
the cytopathic effect of hRSV or hPIV, then
(iii)  testing for the presence of Paramyxovirinae, hPIV type 1, hPIV type 2, hPIV type
3, hPIV type 4, sendat virus, simian virus type 5, New-Castle disease virus,
hRSV, morbilli virus, mumps virus, Nipah virus, Hendra virus, Tupaia virus and
Mapuera virus, |
| wherein, if Paramyxovirinae, hPIV type 1, hPIV type 2, hPIV type 3, hPIV type 4, sendai
virus, simian virus type 5, New-Castle disease virus, hRSV, morbilli virus,
mumps virus, Nipah virus, Hendra viné, Tupaia virus and Mapuera virus are not

present in the sample, then the mammalian metapneumovirus is in the sample.

+39.  The method of claim 36, 37, or 38, wherein the cytopathic effect is characterized by

syncytium formation and subsequent rapid internal disruption, followed by detachment of




syncytium formati on and subsequent rapid internal disruptiduliyokPowed by
detachnment of 13 July 2005 118 the cell fromthe nonol ayer. 40. The nethod
of claim36, 37, or 38, wherein the cell displays the cytopathic effect
three passages after contacting the k| with the sanple. 41. The net hod
of claim36, 37, or 38, wherein the cell is a tMK cell, a VERO cell or a
A549 cell. 42. The nethod of claim 36, 37, or 38, wherein said testing
step conprises detecting a nucleic acid of PIV, RSV and/or influenza
virus. 43. The nethod of claim42, wherein said testing step conprises an
RT- PCR astbayelhfroinahe metolaymency. 44. The net hod of claim 36, 37, or 38,
wherein said testing step conprises detecting a protein of PIV, RSV and/or
i nfluenza virus. 45. The nethod of claim44, wherein said testi ng step

CONPYQ. S € STHRNmeHBUBECI Y, 89 CE R whas dispiags e, 37, or
38, wherein the cyt oplat hi'c effec?v 'S erﬁ?’?cg? ?% gﬁg%tg{coég%t i'Ceffect of

hRSV or maﬁsageﬂmewmamnbdwﬁwm;hwampm clains 36 to 46, V\/nerel n the
et hpd: fufhel}géth&i)gpcl e§6t39 rﬁewﬂgr%motile 1?13@&?1((:@1? \?ERO cell 0raA549

cell.

42.  The method of claim 36, 37, or 38, wherein said testing step comprises detecting a

nucleic acid of PIV, RSV and/or influenza virus.

43.  The method of claim 42, wherein said testing step comprises an RT-PCR assay at low

stringency.

44.  The method of claim 36, 37, or 38, wherein said testing step comprises detecting a

protein of PIV, RSV and/or influenza virus.

45.  The method of claim 44, wherein said testing step comprises an immune fluorescence

assay.

46. The method of claim 36, 37, or 38, wherein the cytopathic effect is identical to the
cytopathic effect of hRSV or hPIV,

47.  The method of any one of claims 36 to 46, wherein the method further comprises the -
method of claim 25, 26, 28, or 30.






